; €3eR~Rd6*T~bf $ METHOD FOR PRODUCI NG A GALLI UM NI TRI DE EPI TAXI AL LAYER The
present invention relates to a process for producing an epi tam"ﬂu UI’IW’IN Nﬂm
galliumnitride (GN) as well as to the epitaxial |ayers of gal
(GN) which can be obtained by said process. Such a process makes i*ooo2
possible to obtain galliumnitride | ayerls of excellent quali ty It al so

Llelgﬁt ?feaaehzs @Egﬁbpﬁg P%@F@BéIﬁi&%ﬁ@&ﬁ?ﬁ%gpﬁp‘%ﬂep axial gallium

nitride layer. It relates in particular to optoel ectronic conponents
formed on such galliumnitride |ayers. Pr ocesses are known for obtaining

relatively thick Ga I y§%§5eage lag%r;ﬁé g) gléggst q{ 2%0 gggt ((Jfﬂ{P The

nmet hod conmonly use orl e vapor ase axy E) .
Ei t her sappmprastiuting raneﬁmtae*emlt agtévgrorp%aﬁﬁmllél@mﬁﬁled@rréﬁeﬂé in

tPS' Clkness ot | Usefh hhess | enere %'aﬂﬁaflabiéféi-édolfy LA raNavehakhlige
roltl st s

Phase Epitaxy._( ver |, e crystal lattice
par amet er &?&fchw é?ﬂeéfﬁ%aﬁ’&l?lét%ﬁﬂgg\ﬁ’Ys %eisﬁe BHIR- 8p of
stresses i nﬁﬁtﬁ:és'a/emkreesuits possiatés Bnd gteviant gaﬂﬂeinﬁapnlil'tlr&de
substrate fr,om be| n xperinmental innovations (treatnent
of the surfz}t?é’ s’EaTCB%’ﬁP Jﬂ“égftgf art of growth with Gad, deposition
of a ZnO interl ayer)IthaaﬂeS%orehaﬁeSi topddy Hhoxto-wavekendtith ppbhcah At

the present % on ed Ny eledld vq{ﬂgﬁiw,keﬁamiﬁefee&aaﬁcg deyéberén&ay

diffraction line wdth of the order of at best arcsec, which
means that GeYViGesE REPGHISOWEER EIEhy ag &Pk Iak QL1 Har BLtrRde ayers
formed by OWREw0r by m)l ecul ar beamepitaxy (MBE) . In other words, no

potential sapphire, Si C or LiAL sfrate is_i for nitride
epi taxy (excessivel g’ﬁe AYeF ceHi sﬁaag%h ﬁ‘(?rt her%lo?m%e#%?groﬁlc

expansi on caeifgariegrtts rﬁ@mimntmmalhsu@bnhtm)ﬂe Vewveawer, the | asing
ef fect (by optical ir'[kgi)v" 5&ee@o!§nogg Lok ﬁ Iopglgtg_rg Qlthough
on | : ni trl de Ei

di ode | asers based ave been Uced. ot he crysta quality
of the nitritdddkayefaNcoAgyersti ngf e §%‘\aﬁ‘8ﬂ@re Fom hedB0| adi s 290very

average. Di §liQG@nietedensihiemdtMid Notufl y0Uder 1@& CR1>iaE haan
measured. In fact, the defec

associ, ted tion of relatively
Thi ok opi ¢ ahveitiyley: SaRoEaNPhaer SPRAPEN: clPUBEYe hEbEREbNSFURPREFS S ovid
down t he de\sei}:mpjmmes)fozdlcede lagers pnogsiagethiwet 120U dayesserdi fh
resi dual n, f n ry l.s, & S e
i mpossi bili t a&prosgu%?% 9J§ed;:r; ﬁl% %h fgy%%l c%%fg‘% bféggﬁtc %%?Zkb%t al .,
Jour nal of &rﬁeﬂ@t{et@lbm Hyrf.ﬂ?l@lf- 1‘9@?’)7 QZP@BBEBIWW (QBWgEihé{OP’B‘C%ﬂ iPzed

nitride growye idape(t uneet{@é neeraﬁeaeﬁaaﬁsaetam tl:iétifvﬂiéﬁ pya@@hﬁaé
structures. wever, .this ggeg Lﬁl}’e% % gescrl or suggests
formation, BPSdEREsdsnddichyy t LHEruRq$ fS ﬁ%ﬁ?ﬁ gdi i n|tr| de
| ayers. The lpwylelriscatriesnl¥s Kaho, cBacKst aanda, pKevehtanathe asmbphlﬁawakl ,

20, et i 5 S R e e

nitride by on sapphir rates on eposi te a thin
gal | i um ni t dindeviegyiensmékedabgenh Sfootheysurdagedoto the (sapphbne

continuous Rands,Of sgaLti WP Riididde. wienewtol ,t Neeposatiddoepid axpiot hus
carried out _involves neither the |ateral gr ow h nor the growth ani sotropy

as will be dBterilgyenie| Bave not made i possible to “solve this
problem. At the present time, the relatively thick GaN

layers have a double X-ray diffraction (DXD) line width
of the order of at best 300 arcsec, which means that
the crystallographic quality does_not exceed that of
the layers formed by OMVPE or by molecular beam epitaxy
(MBE) .

In other words, no potential sapphire, 2ZnoO,
6H-SiC or LiAlO, substrate is ideal for nitride epitaxy

(excessively high lattice mismatch and thermal
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The docunent EP 0, 506, 146 descri bes a process for |local and | ateral growth
using a mask, shaped by lithography, to |localize the growth. The exanpl es
of snmooth layers relate in no case to galliumnitride. These exanpl es
mention GaAs honoepi taxy on a GaAs substdate and | nP honoepitaxy on an TnP

substrate. %Paas%h ebelflFe cRente s spatehdi MhdradlndnstABiMvERy)j on is to
obtain crystalline |ayers all ow n t he rpductl %é’(r)f optg)é(l ectroni c .devices
e

(especi al 1y di ode | a¥@FEPVRIvi ngthffe ]t FRI an® % or nd cRBREIGAr i stics
which are Supﬁmbﬁlhgl)o bhosganbt hheedbpeﬁvr Rustm. fbe i avelbags Itame found

that the tre f r.at 0|t| S rrc
fol | owed by ggg@ ?‘ 8& S#ar%rﬁwsﬁgr! ‘g Sh |s i ,}Jlé?ab#, Yg
t her mal annearpdgpedaus'eISEt her yfsdraniat qunlotygabfl Urheni mmtd:edeel amnmr ch
are virtuall e. i[ge cepf gl i gl t he
heat treat ne%?grgie:gght:ghlan 5 |umg§1'iqt€|de.e | ayer of exce ent S’ae%X,ty The
i nventi on r eRYEEIIE rsPFl?lPGa&lSPocé?Slsﬂ-Grleﬁr od@eigigda IFxPEY 0 galtid um
nitride (GaNiol%r&racﬁ@&éngehnnéggﬁréa conprl ses the deposition on a
substrate of a dielectri er functi.oni as _a mask and the regrowth of
galliumnitride on th8 r’r&ﬁ? sutbté?raiiﬁg gﬁr 551%0531%&’3%‘6’5? he

condi ti ons sbosmatdonndofe rtdin tdizpaky t itdniak @I:Jtlazmamltyrl de‘oheat Gadks and
the anisotrophgeddd 4RI ed" AL nagkd dAA1IERaLTNE AP oM N
belng contlnue until coal escence of e vari ous eat

'i sl ands" i ntheaddevelormentesof miiqde o lssanmpl @}’@Uldﬂ*i’e S’&E%lt r étlé’h
general |y haiagei’g' ChRghs reksiauadWnuriRhdd Cdpr@ixegfe(wyeeatscah@r

appr oxi mat el nmet er and may be chosgen, fromthe group cqnsisting
of sapphire, Qnosuéﬁ-a% ﬁuia)sﬁfatﬁs%&l%ﬂfﬁgﬂllzw TPk SBESHMSERY s

preferably tpeabpdnbef or ehand by nitriding. Prefer abI y, the dielectric is
of the Si XNY type, CI al I cat3il\cl>4n § 0 gp aI Sq |on d bultl ot her
wel | - known di el ectrl cd)t}’[dhb *he (?Slrtlon of er d78PE icis
carried out oA t@ey@edtlr Frowith i de17g)r ov0t1I$96HarrBéﬂ—13|4(3m pehshensgndthenoni a.
Pref erably, weat@téaehl%ad'es AONH Hen nags&ytereé\ceemeag P & hbGRt

enbodi nent, the dielectric layer is,an_atom c nonol ayer, or a cover of the
order 4 of SPheddt ohPc FPHRe. PXEAPLIARD { ShFAFLVESF owt HOGRVERe shBifrate is
carried out @scugefdVieitBeguldgsdifidiay esodr sughasts dﬂtée|ﬂ@rma§ﬁﬁhnatl on
in a high-r qutr I Lron mcr sho t hat, th di sl ocati on
density int re ?eS %glgfadres or%lsél Rrss % chlshlan er'e#or% gk

wi t hout het eg@bbulraxnatrsdeailﬁxerss very nuch | ess than that produced by

the direct depositiog,ef g ?hbﬂ@hﬂkbh' deyon thgbstrate. ghusmuihe GaN
growt h, which takes place Tateral in the [1010 dlrectlons on a

dielectric s}&rf‘éhéam%ﬁﬁut RBFAefor egaWat]WoutJbeFﬁéjS SxewEh al14% atBdnshi p
w th the sappheoe) suaetst:atlbesr exHd s sl spetvaet tgebw&\N C‘cfﬁ’St@iill]ﬂahti ty

t han the usual, pr es er_sai d features.have been obt t he
O h
growth nay b’él‘égt§ %?%%erpnus? HRPORPESHPS %’f ?tleﬁ%’% Bface
| ateral |y, uUpé¢éh deabesd:edcea oththegaéllande nitheide silrai(a_t:emarsémdtbng from
the coal escefesob, ! 9hoRds SHH (o567 K3 Al ABLLLY. BRRIRoUL bRfgkayers

grown het eroe |taX|a y on sapp ire e galltumnitride depositionis
general ly caf¥ied 1bipminitysdeteps. A first step, at a tenperature of

approxi mately 600C fmswétaerdeeaél ubealszfzea fifteicy AMRIs d4:0M odi elict he GaN
features wl] e, the at r]1r te eratuér;gd(aggrox}anatel%

1600 17000) RTOTFEE oA ther FhnREssAll  gaoshfy RBar FBE SECEFRI ng to
a second entmdlsmmopyh&smylahtbendesd:nibedtbehowr ocess characterized in
that the dielectric er 0 e tur o]
expose the facin +’?%n$°8?"“t%r%‘ (saél%st%r’gtﬁg rlgr?g éé?‘?l]ﬁt?ng;r’u t'érl eé‘é?% %egrovvn
under epit axfer 3@9@ i targh daharalomrawth hesmgk@d nagk et shegeslibbyrate so

as to inducel{ifitosennsy i @ 0lo8al i tMdld I 8wt Rl URIRS e&atanefsa%ﬁg
regions and the anisotropic and | ateral growh of said_features,

| ateral gr ovitTPPER nda¥EHS ntiedabfit iin Bl RRhcdDf IRhe1VRY |rbh%r%€3t ures.

These examples mention GaAs homoepitaxy on a GaAs
substrate and InP homoepitaxy on an InP substrate.
The object of the process according to the



According to a third enbodi nent, the invention relates to a process for
produci ng an epitaxial |ayer 5 of galliumnitride (GN), conprising the
deposition of a thin galliumnitride |layer on a substrate characterized in
that: - a dielectric layer is deposited 3n said thin galliumnitride | ayer;
- the diel ecinvventayar iss b cbpdain arystdelime dagersr el lavndrig €xpose

t hose regions_of, sai.d _thi alliumnitri.de | ayer which face.them.-.gallium
it de s rREPOHA ChfBer mprp ERP FCRERBa | RoRtl (BORS gr 1o Aicad

expi taxi al | ylgsems) naskhesiagd et did@ substimstse so asito ipelberndmece
deposition o i Qi trid ur o,hﬂaq_,-f i reghons and,

ani sotropic éﬂ%@%%’%:é%%‘té?:gmeﬁﬁg?fxsaﬁef e%at urelsc?jpt ﬁg Igggggl grovétag%ei ng
conti nued unPrevéeHFd¥ecence of the various features. The process according

to the invention is pakeRRidhtdrls thatel tfdund tehdhetHensirdatalertef §Et s
generated by the paraneter. m spatch, bet ween_GaN and, t he. subsirate using a

met hod whi ch®c REEAFBC Y 2 HERPFIEIPR Pbwd SHE ARy ¢SHELQ
growt h, ther€bylbwadt ilng tdepapitibon alofst gailldumlhaipridess whtohdihg to

t he invention S f posi ti nd et chi hni g wel | - known to
t hose skill eﬁtg%E?he%ﬁllgw go?%*ng% 5 ] el_se%%aie%%di rr%%t%,seg di%et%ctric
a few nanonefersataonhi ckhesgalliduposiniddaiide t hésgrovish chbibbr. dNext, by

phot ol i t hogr gpPyya2R§" HEesrake-edefined in the dielectric layer, thus
exposing mcronetric_regions of the surface of .the substrate., Regrowth on

the masked and et che@R8UISQALRICERCR AP ISRt 15dARGSORBESeGhbYs U r at e
general | y hageatt hirddamsentof rastidwshuir ed gatl oot erixfide pabieeul &f ,

appr oxi matelg 2%le' groneters and may be chosen fromthe group consisting
of sapphire, %50 BB sHE2 Ei-Xr02, Li Ga02 and MyA1204 . Preferably, the
dielectric is of theTBeXNvivepid orespetabeby f3r3tdy Sid2anpyodiess bEor

ment i oned, 6 _wel | ggrgg%/m L el ectri oul d;he . used. gy
dielectric ibé£?j§%§§f1?ed |an tr:ll'e gal l'i Sémfni téé?ﬂg§aﬁom ﬂ‘l?ﬁcal er f(rom)s'l | ane

and ammoni a ghateckeripedhdns gt alk, compddsas vdee aBepesipséesr @@t o t he
third enbodi ggpserhbe @A |4 uaiBiklitdad S1dyést EnndtaWnieRy taxi al lnasp the
substrate by PE. The deposition of dielecfrigc.a few nanoneters jn
t hi ckness i s""{‘y\e/nt Qr r’f%%r‘g‘fu'fhi rP’?hé; dhabtde ¥kt ,tq'lﬁ/ masked
phot ol i t hogr apbytraper tundex aepidekindd depoditiorl exindidlaeer sot hass
exposing m cL oMLl &-d e8h8Nadlod €1 88! Id#HMyA1 15 LA FHLASE: features
and the anisotropic and lateral growth of said
features, the lateral growth being continued until
coalescence of the various features. The term "islands"
instead of "features" may also be employed.

The substrate generally has a thickness of a
few hundred micrometers (in particular, approximately
200 micrometers) and may be chosen from the group
consisting of sapphire, 2Zn0O, 6H-SiC, LiAlO;, LiGaO, and
MgAl;04. The substrate is preferably treated beforehand
by nitriding.

Preferably, the dielectric is of the Si,N, type,
especially SisNg. SiO; may also be mentioned, but other
well-known dielectrics could be used. The deposition of
the dielectric is carried out in the gallium nitride
growth chamber from silane and ammonia.

Preferably, the carrier gas is an N;/H; mixture.

According to a first embodiment, the dielectric

layer is an atomic monolayer, or a cover of the order



Regrowth on the epitaxially grown, masked and etched substrate is carried
out using OWPE. The substrate generally has a thickness of a few hundred
m crometers (in particular, approxinmately 200 nmicroneters) and may be
chosen fromthe group consisting of sapphire, ZnO, 6H SiC, LiA 02, LiGa02
and MyA1204 ofPtikeadimmic tdlard el ectric is of-the Si XNy type, especially
Si3Nd. SiOz may al so n.| . _Qut | |-k I i.cs; goul d
be used. The di el ect rl\{légc‘{rg Ebgg%%g'ﬁﬁedrlgg't}?ﬂgﬂga({)?l lr}%l\@m ghﬁ%g%é:tng ﬁg
chanber froncerkirded apidt amesirica OMVEE:| yRegudart Heghuresimoni t +$ bands
deposi ti on. Ela%e%ghl NGasim e Sl eEhT 1 & 1 Silgh BAULIIG A CaLTLLdrgut Dby
phot ol i t hogr aphy. screte apertures, or apertures in the formof stripes,
are defined MACERECOHPE cBROWFt rHhRE | &Per , CaNuSISIRFA PR heegsityuniRi tri de
surface on atReCres@hilae fRaftires The apSTaAnASs aftidd ehasabtyeregotar

pol ygons, especi al I%g es ofhhgxagonal shape. Advant ageousl% t he d%ﬁcr ete
apertures ar8TPHBcr VBEHORS APEFPEPEPSFarAGils SEFAESs t ASn YB¥H PUTRt ers,
wher eas the apest utlkani rtldte pooducledst bypeshdavd recli ddkpokikéss tdfin 10
m cromet er s, ghRg Lol Alad 5 UL PegHbELaBel | BHled Qe daty [ifoptre Of

t he substrat%.. acing of the apertures Is regular and nust alTow [ocalized
gal | i um ni t rvBéchpiteges HQWB&WMKO%FOEEG 4@ 110 digreqkimps.on | n
general , theapQiidcfi€XRAEFhcY caanll StstépbLeOfwitihdlit | beAhgi t{hde to
t he total area.gf t.hi‘sub trate is bet n and 80~h referably between 5
and 50~. 1t FRLEA¥IRLt ogfdatAQnsIdR | $¥hE oS SFRHRHePoTUR TR he
dielectric andstihas, im atduhr bhetder tGaN amhstthli guadiitiyc shahacehal | owed
the gallium t ate e r{ures. t, T wt t he
substrate is&%grg?i e&’%ﬁ?ggg%g O\%&I}Eé]pl?eas%ﬁ'aér f%%tat}rl‘\‘{?s%sor ﬁgl(rgndgb%ée}\'/el op.
Exami nati on ¢htainedh- r thel Wrewtle| @ay obeni eppnsiopedshoabthhzt usingaN

di sl ocati on @RpBE! Yok fPBE! eIShtheatakes p1askantdsee i £, hasmd erefore
grown without heteroepitaxial strains, js very nuch less, in the case of
the third vaFPRhESCERSE tRht &8 stlierrg’miq? t h@hf—'?fests'é%ﬁPFﬁ?erlfesl%l,nq he GaN
growt h, whi chrbmkeseplcdea dsiieticd |of | hs1ArdE10kA) bditr eatyisdifl afuality
dielectric surface an%ot hetrheef org V\étspout rgei ng iertl:ee i tai>§:ia§é.arell ati orgshi p
with the sapﬁﬁ??ﬁlgﬁbst Pat & F estiX S T n FHCH et Ter "GN crys]t a]1 yﬁua(fl ty

t han the ususépphdresses. After obtaining an array of regular features, the
growth may be continggd, ghtRgimdY nPWREL! dopddREod t 15 GHild:adh Ayt

| aterally, until coal escence of the islands. These surfaces Tesulting from

the coal escefRET&Pd s|OHds Brhi bC suifet®Dr cPystiliTsfual FE§Pto Bfe I1Ayers
grown het er oegi paxjaﬁhk;é cwfﬁapp&rbmmaﬂéawogebba ailfozt hehlar Qré?;ﬁfshit&ﬁﬂir?f ore
consists in usin ro ani sqat ropy 1o induce r row h, ng as
far as coal e%%er?ge%’ugﬁgrt \r,:iua Th' ob réaln{;i H{dlghcgtn ‘ia‘nlfglal&i]g g??%?ﬁ?ﬁ(%l N
| ayer. The |emerge, groheh takes plteghdnr omegaidratmnrg t riagpfasinatesior

i sl ands havipgopedygecyel st €aRsidiSeensdysd LRaldYOS NG NG ORT algd by

| ocal i zed epitaxy. According to a variant, the epitaxial regrowh Is
carried out £RRFYrafdoped galliumnitride. According to another variant,

Ej he epi tﬁXi al regrowﬁbcbﬁd@agr it@ﬂ_a)bﬁ_ewﬁ?geﬂbbﬂiimﬁhlﬁ!,tfﬂtﬁe_idﬁ@d:i/&_{h a
opant chosen fromt roup consisting magnesi um zinc, cadm um
beryl lium caf ?Eﬁ?ang:ogar‘?)onpré’ﬁ?@cﬁ al ?gaﬁf‘?ﬁeﬁﬁgﬁgsi u{ﬂl TﬁF‘?ti sa{%éecause
it has been dbehdcthat tllayedopisgetichgal,l i son aist riadledefihea amxtgreagent ,
especial |y ngpgnesjum ~@g@ fi : AN qwih e d I i

relative incr easgbi n the _gr%ﬁ_hkgg%gsi rll%Pﬁe <16€€>F§?r_esc [ gr’fIsa%%’.t %r?despect
to the growgR}kbiami mityddeoods] npgrewn olnderef epibayial hdengsiiiaa nol ar

ratio i s greadditP8As0 ANt HESRadbed QhacYdnd® dubSE¥aPEageOWH % d ess

t han 0. 2. . s . A
induce the deposition of gallium nitride features on

the facing regions and the anisotropic and lateral
growth of said features, the 1lateral growth being
continued until coalescence of the various features.
According to a third embodiment, the invention
relates to a process for producing an epitaxial layer



Accordi ng to anot her advantageous variant, the epitaxial regrowth is
carried out in two-steps. Firstly, undoped galliumnitride is deposited on
the etched dielectric or with a thickness of the order of one angstrom
under vertical growth anisotropy conditi&ns, and then galliumnitride

continues to e deppshhediichibae meﬁ&)enceoﬁ{:rﬁsﬂﬁaa%é raé_lwﬁti&lfaror the

| ateral growth resul ting i_n .coal esgencge of features he i nvention al so

relates to tHe efitidki aPRY1dtBwn FHHGR ni thiY&é' | afBr s, @chaFWRFEFRYEd in

t hat they carbmag&ﬁ@,rfmabyntEmabove process. Advantageously, these
| ayers have a defect depsi | ess .t han thongobt akggd in the pﬂ]or art,

especially |l ess than ap?)rgf( Pfﬁf:&ﬁ}clcb"'é’rﬁrz 19 EFRPEBIFTE He eaplrc? i Iayer
has a thi cknessl kfutbetiteeidd kagedH00 microneters and optionally in that it

is self-supported after 4ihe %i%“itef Sdag §ePaLal @d The i gyeng

finds particularly advantageous a p Ication 1n the pro uction of di og
| asers provi d&fige haﬁﬁrﬂérﬁéxﬁ&} g&Pl i eHPeser theseaykegtensr afedsabdve.

Sever al enbocgﬁgqptggapflm%pglef@éslgyggr\qhﬂght Qabaethay\entl on will now be
described in relation wt F ures and the exa Fi lis

a schematic cross-secti §Aat Frégﬁal’r?urﬁeﬁrﬂ”fndeup Er ‘epi ?'"ﬁ
t he i nventi olepodi tgiore ébmdlmqnlnst ogr ahle shpiitgieadiyt ayrgwtt Anhasked

features for gh du g BeloeatLzed S teyyiHalad ol widoned cal | ppm

nitride, when e aper Cc aré discr apertures. -
Figure 3 i s walddiymoraltyide fenpungscoirarthe f-helpmzeeqloma @nd ovhef a

I ocal i zed galarillaaﬁyaﬂweahaurmsﬂahewa{ BY' AUl fehitaes 4 chEWs the
variation in es in Elmas.a fungtion_ of the growth time in

an u

mn. W, WB &rﬂfqlfaa?r @W?thg}ae}ﬂgFFQBFénged uptddr € laramnghieet bt i on
in the grovwhrafrajicﬁfs feamlireed to the nolar flux of TMGA in the [0001] and
<1011> directions as function_ of ratia_in the vapor

phase. - Figure 6 is epth%%?%%% ot?cfﬁglvgﬁf)lgerggd &Fam’ﬁbvecfb?aqrhedl%y
| ocal i zed epincbawairtitggr dwt hthat h iraghéwits doped desN ity gofe @eﬁémms t he

d t h t hat
T Al oo cosnsitledtl nyHERERLHEL AP RTERATCH BerRiled Qi I i the
resul ting i nSURSH@GMt BT 22 stPgrRofr evhdght | FeElngA | |lﬁ’ﬁ4ﬂ’f?$@e

layer in epi tepiitdixy el gtdwoshahisotitopy earld | 3aBephdt ggoaith,Of tiidweelpyr am ds
obt ai ned duri 1 rowt% accordin the Exanple 5, in transmission electron
m croscopy. - 3‘13‘?@ t}s énp %]? BT he pyram ds obtai ned during
growt h accordi ng to Btenpbzo&esin scaqndnggeltm:t tive ninvestbpn. rmadeepl e 1:

Deposi tion of,an é‘f‘dagﬁgsﬂéibhuﬁh@ téé&?ing techniques well-known to
those skilled in the art.

According to the second embodiment, a
dielectric a few nanometers in thickness is deposited
in the growth chamber. Next, by photolithography,
apertures are defined in the dielectric layer, thus
exposing micrometric regions of the surface of the
substrate.

Regrowth on the masked and etched substrate is
carried out using OMVPE.

The substrate generally has a thickness of a
few hundred micrometers (in particular, approximately
200 micrometers) and may be chosen from the group
consisting of sapphire, 2ZnO, 6H-SiC, LiAlO,, LiGaO; and
Mgal.04.

Preferably, the dielectric is of the Si N, type,
especially Si3N;. SiO; may also be mentioned, but other



|l a er A suitable vertical reactor operating at atnospheric pressure is used
for the OrGaNonetal i ¢ Vapor Phase Epitaxy. Athin galliumnitride |ayer 2
having a thickness of 2 Etmis deposited, by orGNonetal lic vapor phase
epitaxy at 1080C on a (0001) sapphire suﬁstrate 1 having a thickness of 200
l'tm The gal Wé;hmwwﬁ %fglé%m&ylb@gﬁi_dum(ﬁyga) ahe Hi@Tlhrédﬁﬁg@n_mour cle
is ammonia. Such a od i esc ed in. man ocunent s. expgri ment a
conditions a pé’flftgat onR: tsne_Log‘?l*ﬁl laﬂsé&fsr’tfi i &Y aC}F’r"f“Qﬁﬁre €’f°‘f1|2 and
Nz in equal pHidpoe i el (4damhdmian. )didéet bynooha ithei nisubduoetey a as

Separate |lin I M), After the first galliumnitride epilayer has
been grown, ?e(fs%rnlt{ea@ye%rgoaﬁ‘éa silicon nitride film3 is deposited as a nask

for the subsequent sdlcssmidiagyriont bhef thdind Lembedinert usthg Yadal bu NH3
at a rate of g@.Qﬁ%_m £8d £2 r3hmy ré‘zsd%ﬁi?téﬁﬁk)ﬁxi;&%ye'&ﬁt £A8 (i HSEESS4 0N

m croscope observations on croSs sec¢tions show that, 6 the mask obtained forns
an anor phous P¥ont®™MEFs 1 TYer ASPPAGtaoPhi ek ofigpBFbXifat @ y B8Wm

Since the st pagbimeteirsy @h tthbckhéssWass Nnahereasateded heuterimSithev | | be
Never.t.hel ess, ,it seens .that the

used for the rest.of this specjfigcation.
st oi chi omet r?rggﬁzpesﬁfaﬁﬂ%efo t %xéf 3N t BHRCCALTHIHFTREY + e RHSFRYHETS thi s
SiN | ayer preved flefhoed pénfethéy didlatiwic nikskyeiThe tdiuwshi rexpesimgn

car | o0, out, mrBARAL! HGrARRY APl il Ot LAIE Whur b dcar der 0

expose hexagonal apertures ™4 circunscri b lameter circle. The
di stance between t he ReégixoMth opnt fbeacpRteariaplyt gkoymn maskadsiand 15

Etm The epi basheld ca®stMdtedid RRurdeesshitgaldingnodipr de regions 5 in

order to deposit galljumnitride is carri out on the.speci nens etched
under conditions si mlrllhfr ?Bb?hﬁggeuﬁqrcﬁeﬂ%ekgﬁarﬁia% 1§Z‘I"ﬂeistf‘m ﬂ?t r? de
growt h, apar fefor dmundeced Med ddametreatse. (Thi particudkar at approsdmatad e
(typically 1 ol 4 m he per i ] daned, 9 {u i.t.ride)
so as to avo?gwhi_g%%ggﬁ\%%Efgt e%ﬁée?ﬁﬁlﬁ%&fﬁoﬁr{%% very ef eéct irQ/]}eBl}iLS
col | ecti on neapsipé&inggidhss@aphixee gLl i GH-fishs keirckint di1Ga0: mndur f ace
of the rrask.Mghqzd)g_cal i zed epitaxy reveals a growh rate Vc of gallium
- nitride 6 in the [000Q1] direction_virtuall roportional to,the space in
bet ween two apert ureg.r]elfﬁr Vi e ﬁi}eﬁ@d‘%ﬁﬁ oS - SRe i S1dhs EMRKY, even
for | arge spespegialBEyorgii:Ngs Siopayapeatencbedatern thibdnéde buel @atHean and
the grow h of N Ir %.58! svel y. i ur 5.:00n ntl y, the
gﬁ KRBGH %1%?[e%(i:g:llc%l cdlg.lci I]? %’%&?he@ﬁe 1?1%8%?%#% JTQ

masked ar easwg ave as concentrators, rectin oward the
" apertures. THeprgrahed rin edhgr caabbiumedidinige gnowthy dhanbeer from

reflectometry;iahet heiahh@bnDY [FHULIY CALELF ORNE FLELOM GEMin drop
views or sections. Fi gure 2 i's an SEM phot ograph show ng t he devel opnent of

the pyrani ds9°BP§aF&©B-is a sectional view perpendicular to the [1120]
direction of a |ocal Thed etichinzatefl bhxaddedlecgalild uis nihr pdetpyidmd. W,

WH and H depgnd, on 4t g@\ﬁﬁ}’?ﬁpﬁﬁt %i%?ﬁ?gggp?’&gl e between (0001) and (1011)

defining the planes. "V € apertures in the Si N mask.
Figure 4 shows the vBissreste aperitargp., Wi aperturesiebni bhe. forms of

function of £be;geaM Byl tRfiRed An WH%11160 ASOFEAST 2AFENT Ryl the

experi ment al eﬁgégiﬁg ttqlee fgzliill.fg\nurgg nri%i'uildtes glru.?fggéalogeda:l micrometric
feature. The apertures are preferably regular polygons,
especially ones of hexagonal shape. Advantageously, the
discrete apertures are inscribed in a circle of radius
of less than 10 micrometers, whereas the apertures in
the form of stripes have a width of less than 10
micrometers, the length of the stripes being limited
only by the size of the substrate.

Spacing of the apertures is regular and must

allow localized gallium nitride epitaxy followed by
anisotropic and lateral growth.



VR- 2 .1 Emh ( lateral rate in the [ 101 1 ] direction); = 13 ~m/h
(rate in the [0001] direction); WBO= 7.6 ~lzn; 9R=62 . 1 . Wen W - 0
at to (the pyram d has a peak of zero width), the height Hvaries at a
| ower rate, given by the formula VR'cos {9R) . . It will be noted that V-~

is extremely high cogpar Sndkh D, th@léatﬁoﬂ{lgnEtg@ h dgsseed 4145 stgndard
epi taxy on a (0001) subsirate usi ng the, sape vapor phase cqnposition.

Consequent | YSURHera/Re VO o0 o IPs Loty %b%?b??nﬁzpel the fotad,sapea. of

Deposi tion ithd hgupaseate phassetiedn! 8yandofs@s) | pHefarablge Hedwibdrch
magnesi um h begn g?ded The experinent of Exanple 1 is repeated apart from
the fact th X ‘Imol /mn. of (MeCp) 2My is introduced in the vapor
phase. The conditi onftudeds abeengrfmatrdd t thet3@ad kiym gatwiis t@neemattur e

1080C, TMGza / a a‘F}fh 2 o each o
f them Fi gu‘%%#fﬁe& Ognq'fh? agerwéggnce ma il}\l%gl ur%§1 1%% |ncrea§d§s t he
VR/ V~ ratio weis a@feql@eqihedeg%e(:gx-?}cr heushare aﬂéllébrﬁéeq&éﬁtlgatlﬁeu(no001)
upper facet Ani&eéieﬂé cdh8efitkaeki ¥ht ¥haf ab@&tglrr@gh is not affected by the

presence of (MeCp '\{9 but the wth a SOthﬁ I s advant ageously

Todi {1 ed. Exanpl o 3:NEKEI uBRIEOHER, (7R Nea SHEFEFAES: 116 FFGRFESS @Mus the
vari ati on i radhey groOMVREL at Regadaral ifmtumas heodM3¥shahds fHexelor.he
[0001] and [ Oér&ingé{gﬁ“ﬂ‘s ash"i ”@%ts'o% th%th@%nmln?‘LrFr%%tclfo%é n the

vapor phase.” Tnh practice t was oSen a_constant
(MeCp) 2My arshaws vabhatt Hehexn@aNt dcislm@mmrhu@enakéy im pekei Megul@rensur e

that the avaidahlfedlosonGARddl,i Qb fht HEsS HHaE Be t ol O RHoYands is

i denti cal for all the specinmens. Becauyse the growh is coptrolled linearly
by the anoule'Rreep}taRialpsrradnsy ndsyveih Mughsless ndRnkPPz &3S or der

to conpare tdemhe idird yvalfzj:masethbhorat(ata émetina iy hﬁ& FiRlst wWhil e

VAR i ncreas (]%:Iyo 16 l[?gm he é%{\l e‘_rg 3‘ I\L/%1 G% ar rlat | 0

varies from o] PBF - THEYSst t & i IRNERur JEIST t & A58 o

obt ai ned by lettexgblwt iion. thHee 184iG) odittexrtiiogis ion VR/ leelectrlc
surface, and therefore without being in epitaxial
relationship with the sapphire substrate, results in
much better GaN crystal quality than the usual
processes. After obtaining an array of regﬁlar
features, the growth may be continued, either by OMVPE
or by HVPE. It is carried out laterally, wuntil
coalescence of the islands. These surfaces resulting
from the coalescence of islands exhibit superior
crystal quality to the layers grown heteroepitaxially
on sapphire.

The novelty of the process therefore consists
in wusing the growth anisotropy to induce lateral
growth, going as far as coalescence, and thus in
obtaining a continuous strain-free GaN layer. The
lateral growth takes place from gallium nitride
features or islands having reduced defect densities,
said features being obtained by localized epitaxy.

According to a variant, the epitaxial regrowth
is carried out using undoped gallium nitride.

According to another wvariant, the epitaxial
regrowth is carried out using gallium nitride doped

with a dopant chosen from the group consisting of



This curve shows that the incorporation of My allows the pyram dal
structure to be easily controlled by nodifying the gromh anisotropy. This
suggests that My acts as a surfactant, favoring the adsorption of gallium
on the {1011} faces but, conversely, pre_&enti ng it on the (0001) faces.
Exanpl € 4 TR sle@RufEPOSEiheN Ofcatintalh ] UMbairifi1d&in 2y eEaTE 8l Y adi®

process according to the invention is carried out using, epitaxial regrowh
under oper at FB§POIndi eFRAGLIZbpaWakbe NegReDYE of TBighple PecARSS Ntmask is
deposi t ed onnpasGHdrayrsurtteperat edhbelqymhandof Nnganl et axitali g@npethi n a
sui tabl e reactao on a cr%gtal | i zat i.og substrate, such aé. .1a st:?%ghi re.

Li near apert fr SO PRI dEAPERAIIYc MPIRGIUBy BORMA1Ge 3 hde in
the mask i n grdertht moedepomed t hesubfgedndinofa thel stbyacéntrkeager .inlThehe i near
apertures ar g agyantageoushy Grd eoigqn ahgeCaNhiOWM el Fegtian. @l though
the variant 8f the process described i'n thi's exanpl'e can be o trona y
carried out the amewtlyr rateat ianshs (RE0AIncAdirepeions efr Wiy in

the GaN [112¢8L didsptid e HBRaePitaed & i%e‘%ﬂﬁ&fstﬁ%ri@daﬁat k4 he

exposed regions with unintentional]y doped N under operating conditions
such that thERgPoREh MR &9 tlheafjééé'iﬁapﬁq Y oleo¥ "Eﬁ%“(%h?featur es

sufficiently exceedsacherdinet htd abRothetrhadirdaetddgesusoaeliahe,t hthe
inclined fl ankstof .sai d f%aw: es. Under.es ch tcondi tions, the anisotropy of
the growth r SBAFEEIRY FRITGVERL ST St e 100 FERE: The first

i npl enent ati on step Efirsttdypr oeedeped il iatred miltari dehei ¢ 00EPosfidomt  of
the GaN featype hﬂé di-epREEAE e e r18E HNUy@th! N8 Teni¥krnlRP, th.etr%lN
features are 1n the formof a stripe, the cross section of which is
triangul ar. PERe¥ePrf jong AP e YRARHNYEREACRAe IFPWEh SPdSQlHqRY

coal escence egbnlheicad,f efidr eéhen NgQL Uetm! hiOFidE! eon thierm@eer tbhadrask.
In this case, the.crqass_section of the copal esced GalN features is. a zigzag
line. The SelSRESIEER dBnarst STEPSIRE &of (R APaPEqrBueRORFt I UdFHP TGN,
especi al | y wthe nhghesalinigpedtivaN-esecbeingg in eaidscénhos HE orthehe GN
features cre%ggukgst_he first step. Due to the effect of introducing the
dopant, the growth anisotropy is conducive to planarization of the Gai~1
features. The facet Theeadpeention aisot opebrteschofthee epdiNaxdaidnes

obtained in Lhewhi rga1sien MUEtiget NisysLEONt1 Bktdhe - sopad, Gafteat ures
devel op with expansi on, of thggf acet nd, on the contrary, a reduction

n C
in the area BﬁeYhe FABnksPeThe®RERRESst efYof £HE pr BO9YE ac®5PFSTF to t he
exanpl e i s cadpbhatadenhsiyt heeHdssnkiahaves dissappeaardafedthedappitys wiff %e of
t he deposit t a 0 - ture he i
pl ane. The i%%%gengr%i%ﬁo%%%ﬁggg%gs%gg_ g?%c g?daif:c%lf%i n%s %Cg%ellyl
i nvention asl@&scFhBedampse¥imaselys 10oAmihe one hand, in the formation of
a plane GaN | ayer, whbieleeaBli/)eileOled ital¥ans14pdk SHAS hatkd ilnddie
subsequent dego ition, b¥L ec;ﬁ)%éaﬁ:q?)l regrowth, of a dgw ce structure,
especi al |y a®di wWertbr st dt 990 pBECFEEGEELS ofREnPRItIAhNdIN n a
hi ghl y advanthgeouis iirproykefrenipportdd afyetalthguadubhytodtsahdss e at e.
This is becagé§ }:Qeehi nes of crystal defects in the subjacent GaN | ayer
propagate via fie aperture made in the mask, vertically into the undoped
GaN feature created Thet hnvéntiont dpinddowpaat idulsdens advantelgesss | nes
of defects bggoTR-gH{¥RU iQUNHY SREASEEPBH SlreRidsyOt £9sEPst BeodgRRY tion

t
of a doped-&N features. ;This results in |lines of dééf ects which propagate
in directionétHr afPel ePdtefrdadur Gacd im t Helteifed LBKeraygescpdbgdse of
t he nodi fi caabeweof the direction of propagation of the defects, the upper
surface formed by thg coal escence.of the features is virtually free of
energi ng defects in g%&?’éﬁ 85%§EF1§P§S\MCT%[\€$% Rt 9¢eaF 8F88F36H9c ®evi ces,
such as GaN theddnvasdrion BExabhpl mdw Pepekddmibed dngatélationt witd | ayer
directly on g r at Kk b [ Iic This exanple illustrates a
nmet hod maki nlslﬁpg%ésgi %?(gagogggt gP% g%)‘%%‘?g‘tﬁésdus formation of gallium
nitride feattures BEIEEeaAddsorn aseematice cypss 1sasttimnal coiewsefng in
covering thegslbstmahfriibl Bagbe! 8eEbrelingSRECitMd Wribddic@p hitride, film
whose thickness is, of the order of 1 angstraom Advantageously, this_nethod
makes it possi bl & 19 EGof d Rad PS‘%WQI?&S*W%W{P% ERFRY2bf PYRamAASE by
expensi ve t ebdatupes sfictmad phetdhgt hegeapbygcandzeldenepakagichiugdng



A suitable epitaxial growh reactor is used for the orGaNonetal |l i c vapor
phase epitaxy. Explicitly, a substrate, especially (0001) sapphire

chem cal ly 15 prepared beforehand by degreasing and pickling in an H2S04:
H3P04 acid solution, in a 3:1 ratio, is heated to a tenperature of

appr oxi mat eluna8§@d10§&ﬂiﬁmorﬂetr1@ebe whdi | etk Dyapiastdss g atsid eam of
NH3 for appr(g tel¥ 10 mgutes After tthIS nitriding step, a very thin
filmof sili AFEFL8edFS PIPTEEEEN 2PRETYE S Pace of the substrate, the film
bei ng obt ai ned byFigattei Gn Jtreta\/esectslltlanamdv&elnarpeﬁaérmmubazt etrpeltmtajre of
1080C for a hor to I mit t ess that of
one atom c pi%ﬂi ﬁ e‘it)’gé;‘?g??ﬂg céﬂndl |02§C§§1IFQLe%tE e f%a} ovm ng he gaseous
vehicle is atmncutedohenﬂgpogénparﬂrdmmﬂdrogen in equal proportions (4
si/Mn.). The amtpﬂbﬁrésm ehw@ueﬁ@ Wall a 100 3, wa Andl ﬁmvglu\@'%' le the

silane, in a formdiluted ppm i n hydrogen, |s|n roduced wth a .flow
rate of 50 st@/HEn aSLJrﬁIerfuPﬁ‘&s@nccﬂfdl'E]i‘%ngr%’ﬁB tAm ot B N Ran s W
reacti on ti ngndSHOAréh@edlifled ah B@gueeonds. The successive steps are

it d by | flegt R dt | ect
(T A o1t e THERERL P CORayE, thEL AR Mclyor PREE fTRERR, nuous

gal I i um ni t rioemdhizedhsoi iea ndlaknEbex 06 £20MGa. 30 rthe s[@@@btl ted on t he
dielectric fj 11heg feposi bhan ePé thesNciByerof S vde

t enper at ur e, i(?qt he order % C. After the ep%SItIOH g%tthe GaNa[rayer
has been coniﬁﬁ’e%‘edlnlt:hﬁsvaﬁﬁé‘apkését a high tenperature of the order of

1080C. Under-the pﬂg@rae@ e.tf.cf e£t pROéLbBLapRMRET &HE EobdSevedf pi/PamRERSENCE
in the gaseous vehi g uffl ci enf anount o.f#ydr en and of t,hgl
presence of PRERIRT ¥ di o5 AES i | ARy ther%%ﬁ'\f"l'gliter Wity

nor phol ogy aﬁagxaesin@a#ﬁbpgdr GaNler Fdemrdeep mithws cahieonadeantagegusr om
sol i d- phase tall i S po e e r re
appr oaches 1%%8‘%@ If %ﬂ%dﬁgggﬁt’)?&g td:?%%%[ e&ﬁ eﬂ{\gc'?#t%/éw bl Gf f er

| ayer suddeniy dtél@rtea‘ses alflpws ncopdebgenent |<hﬁ01§slebuf¢@tura§ertq sbehen

converted i ’Eﬂté‘lﬁéécﬁ{lﬁ:hn% | Aystaip! medshiiedhg 16 %ald | BoRhELbee
islands. At the end of ,this spontaneous in sity recrystallization process,

GaN f eat ur esPhr & sFeFRtPof L8 CPTPRIYS t GP LA t?rltaﬁ”ed%bt]zﬁyﬁéa 1fhese
retaini ng anegptdaxanl rethaibashbipp W th the substrate by virtue of the
very small thick he di el e at ur i gl ands
are isolated fro%’oieg?an%t ﬁesr %ygﬁ%%éﬁﬁés%rc};h (? ga é:éjl(g%te}glfuseabar ed.
The char act edusing haingntsh of adeeridlingndstar e et h@)@mrélre of 52400in

angstrons. Tgtlealpgsfgg%ﬁoglgggabﬂeﬁll&ggcap&r ansm ssion el ectron m croscope
shows that the 1slands tend to take the shape of truncated péeam ds (Figure
P

7). Figure §is &%uHRiAgld &t?%%tWE?BECSSe thea Ry ramids pektatRedot ai ned
under oper atdugim@nditowtis thetopdtngodtdi eHxamphe t9, i nineas€ahhéng

di mensi ons of 1dd r(l)r§| ang;csogoom cronetric val ues conparable to those of the
i sl ands or fea? ures obt &t Rga°PA -t he apertures of a mask (cf. Exanple 1)

produced ex situ by photol i t hography. During the subsequent epitaxial

regrow h W|t um.ni Hel : he,gurf.ac pegi t gi ons
regrovth Bkgdid un. bregeeﬁaoh oBUT gga‘o%é §641 780 tts?gg genctlon

as the rrask!rﬁ!ﬁ‘:’tgure 1 and the GaN features or islands thus spontaneously
forned are the anal qgue%uqftatmee Gabteieabanes kédctd¥ JUbpeka®lin Juae 2)

| ocat ed |nt rtures (cf. a{‘ﬁ\@e?are roduced ex Sli!f in the
mask (cf. er’ﬁ(plﬁ’fﬁ??‘f QFestBf | SrGHYLNGF# 1 LdEvel op
by | ateral aruponer Phasle ngwthxyGaI\AI ahdns @a]zhtﬂnusnﬂaenrd@bﬂawmd by

coal escence 4 f eql. Vi a def.ec nsi ordgr of 108
cm2, i.e. }PJ A%e?sadNofq%‘algtﬁf%{ei Ie%gs t% Fﬁlﬁl{ gg é%%g% {:ggts gﬁgsent in
t he gal | i quﬁQarNCd@tF%\lﬂeﬂs pyaperedrhesag eneteurrventcl oh8BORRt heds. aThus,

in the vari aeyof tst%;mp&@ssswatr@@ae Pe%a¢§§§r'£’edth{‘ch|¥§s§b08§

exanpl es, s%)em al | le 4 describing a twy-s variant, the use of

the ex situ Q)cHé‘s's etq,art'rlrt’d”? h&OHFEFt u’r%s tirﬁm&tﬁﬂéﬁaﬂﬁy-um (TMGa)

and the nitrogen source is ammonia. Such a method is

described in many documents.

The experimental conditions are as follows:



17 advant ageously be avoi ded and replaced with the in situ spontaneous
formati on, described above, of the GaN islands or features, the control of
their geonetry and di spersion not being 8 prerequisite for inproving the
quality of the GaN | ayers formed by thi % process. 18 CLAIMS 1. A process
for produci ng an epi Thei ghskayer vehigdlel ilismanintinitderd Gaf ~He carpd i Ni mop -

form ng on %éwi{ace gg 8r8YRakr ate(4 aslf/dl o)f a dpglect Ligophase t{# ckness
is of the or of aBoul ~one - nonol ay 0siting a continuous i um
nitride | ayeintnodueedi viacar Sépﬁrlaﬂﬁeatllalet e(@pérla(tnulrlb- Jsufficiently low to

suppress island fornggtep afpd heigald 'QHlﬂ!h.hfn' deicafaer éteppéyérnqlawe

gal liumnitride |ayer, annealin he gal jtride,la a tenperature
suf fi ci ent | YPREBHIFSWRy oﬁfolté‘lpsqéﬁ((? bFoRrnpRL 5¥5Fu%ﬁjﬂ A de

perform ng meﬁ@siﬁédahsr agnawkh f.wrt reigal imm@uént deeatectlieeergircmitra

spont aneous | formation of islands ni r|d process
for produci n% aﬁJ it BXi gllt%élfger 8?183| I%ﬁsn‘l ﬁctgordlgn 12?‘t(-‘)é\cl(é’ifl)m 1,
wherei n the SUbs¢emt@ands2selmet edsplecmlwbéygroup con5| sting of sapphire,
Zn0, 6HSIC The electron transmission microscope

observations on cross sections show that the mask
obtained forms an amorphous continuous layer having a
thickness of approximately 2 nm. Since the
stoichiometry of this film was not measured, the term
SiN will be used for the rest of this specification.
Nevertheless, it seems that the stoichiometry
corresponds to the Si;N; term. Although extremely thin,
this SiN layer proved to be a perfectly selective mask.
The etching is then carried out, by photolithography
and reactive ion etching, in order to expose hexagonal
apertures 4 circumscribed by a 10 pum diameter circle.
The distance between the centers of two adjacent
apertures in the mask is 15 pum. The epitaxial regrowth
on the exposed gallium nitride regions 5 in order to
deposit gallium nitride is carried out on the specimens
etched under conditions similar to those used for the
standard gallium nitride growth, apart from the TMGa
flow rate. This is fixed at a lower value (typically
16 umol/min. for the experiments with undoped gallium
nitride) so as to avoid high growth rates resulting
from the very effective collection near the regions 5
of the gallium atoms encountering the surface of the
mask. The localized epitaxy reveals a growth rate Vc of
gallium nitride 6 in the [0001] direction virtually
proportional to the space in between two apertures.

In addition, no nucleation on SiN is observed,
even for large spacings. From this it may be concluded
that the nucleation and the growth of GaN occurs
selectively in the apertures 5. Consequently, the
masked areas behave as concentrators, directing the



and Li A 102. 3. A process for producing an epitaxial |ayer of gallium
nitride (gall according to claiml or 2, wherein the dielectric layer is a
| ayer of the Si XNy type. 4. A process for producing an epitaxial |ayer of
galliumnitride according to claim1, 2ipr 3, wherein the | ow tenperature

for depositi a.continygo g L iLtride layer is of the order of about
600C. 5. A p?’r\g%%%s ?%ér%rggﬁc%ékgﬁkg%ﬁt axial layer of galliumnitride

according to any oneThé ghewpherstiesgacieamessnreceiaitther highsieupbyat ure
for anneali J Lt de i a 0C.
| "hdde PakibUEbALLEYdC hadflarch iiler! 'ﬁy%%?ﬁg a9t 108

19 6. A process ucli ng an _epi taxi al |ayer "of FTumnitri
accordi ng t gnkgxoopePryf (SEM) nen1dreP3viRWEePE EREtLORSer at ure for

deposi ting a continupgugal | 2UM 8i tah deskmyephbdbtogtaphe ShéRingf ehaut 600C
and t he terrpggqri?tfre for agneﬁlln the_galliumnitride layer is of the order
of about 108RVELoRMERG RESCRG PEFEBEFng an epitaxial |ayer of gallium

nitride accordi ng toFigmyrend afst he sgadiedialy eiawnpesperelicdleam g t he
dielectric lgyer i 5€es s isng a ni a an i) 8. for
pr oduci ng an&g%i t(ai%qufaygl 0 g:"]LaQﬁ i Egn?ni taar i.dgog%%grggflﬁg térgéfggg%é of the
precedi ng clhexagomel eoplddpssinitgidecprsaniduoll, gHb| poG A t éedentlayer

ggrmri SSS i&ﬁpsittﬂéﬁgttiﬁ% Iexéereat 0ia tﬂhér%_@ﬂl@{lHetwe%][rﬂer(lolebmboa%d,Zg to
nm 9. rocess for, producing epi taxi al ,|ayer of g iumnitride
accordi ng toP%oiliné{"‘oélrF‘Hég prtbfed?aﬂ%n%ai izo £ S hEi‘ecd‘r‘l’p‘?‘?gi F pFR8r to
form ng the apeattantas cihayke, SINtmagkng the surface of the substrate. 10.
An epitaxial galliu ptrid , t al t rocess gccording to
any one of the precre%d?#u‘é;r’%l gi %rg%gﬁ%l.t?%n%g%?gg?é& p‘?‘c%loenp(?@hen?,a%aogi ded
with an epi twadugs | dpepwofasyat | Funchiioni ¢f ddvordragtho tdle M Oomin2 . An
opt oel ect i GLapONehel ChllgRdsd iofOMPERELAGhA FHAC LASEEimddcat
galliumnitride Tayer, obtajned, by epitaxial |ateral overgrowmh on a
crystal | i ne RS at @ obpt 1 QWHET aRePi FaxRRP GREFRABRAMI tri de | ayer
according to claim&), = 2.1 pm/h (lateral rate in the [1011]

direction);

Ve = 13 pm/h (rate in the [0001] direction);

Wpo = 7.6 pm;

0 = 62.1°.

When We = 0 at ty (the pyramid has a peak of
zero width), the height H varies at a lower rate, given
by the formula Vg/cos(0y) . )

It will be noted that V: is extremely high
compared with the rate of 1 pum/h measured for standard
epitaxy on a (0001) substrate using the same vapor
phase composition. Consequently, the Vy/Ve ratio is only
approximately 0.15.

Example 2: Deposition in the gaseous phase of a layer

of gallium nitride to which magnesium has been added

The experiment of Example 1 is repeated apart
from the fact that 2.8 pumol/min. of (MeCp):Mg is
introduced in the vapor phase. The conditions used are:
growth time 30 min., growth temperature 1080°C, TMGa
16 pmol/min. and N;, H, and NH; 2 sl/min. for each of
them.

Figure 6 shows that the presence of magnesium



20 14. Process for producing an epitaxial layer of galliumnitride (&GN),
characterized in that it conprises the deposition on a substrate (1) of a
dielectric layer (3) functioning as a nask and the regrowth of gallium
nitride on the masked substrate under vd@r phase epitaxial deposition

condi tions, S3id-Aldd Ukt rvgﬁvpelfwtﬁ@pedemt hﬂ)o@@' r\gl@geaésqb@sen
fromthe group consisting of nesi um _ zi nc, cadm ﬁ% I i u cal cium
oSl

carbon, sili dd¥esheisher n%ﬁ‘f?un?o sequently nghhe  HQ0 ag%ﬁ ium
nitride feat Bremduims t EhansshécOPTLERANGE | aher glrogthw&b afotsaﬁféaaémr es

(6), thelat ral._.,growth being ¢o q‘é% n var.i ous

features. % tgga s%r?%?n%?oaﬁcﬂﬁlewﬁ XI a %r%wgg gé’ﬁsounl; WX ride
(&N accordllrsg advaritaigdoys lghanedi &réded in t hat the substrate i s chosen
fromthe group consisting of sapphire, ZnO 6H SiC and Li Al02. 1G Process

for producing an epitaxial_ |ayer of galliumnitride (GaN) according to
claim 14, . c%‘ﬁ‘fﬂ}ﬂlﬁ_lﬁ-erinﬂli&m%% the | ¥g{G3 MelRe rakie | ayer of the

Si XNY type. 17. Pr ocer&%dﬁ moémw@g BReePiaaxhalohayss ca‘héyaldﬁdmmltrlde
(GaN) according to one o i ns (]ﬁ to | E~ chgract rlzed | t0 t(ﬁg
dielectric | g AT b?r? frBn Lifye”?M Bocsle ﬁer $0he
atom ¢ pl aneanty. [ btksdifertproduasng durepiiaxiaf thgeMgdGagadd]lazm
nitride (Ga or: &ins 14 tol 6, characterized in that the
dielectric :\l)érygﬁicq slq‘e{&hégrg a?to define apertures and to expose the

faci ng regions of thdmnsupsd¢hiee. add JAS | APALRS itee KeCR efr SRS AT

epi taxi al degasix ign a@édpu Sad tbe Qﬂmeﬂr&n@iweéfsmw alfhixp as to

i nduce the de SItIQn of umnitride features o thefa. eqgi ons and
the ani sotroH{) efndlat QP bh&wt ReofeREVHe At o T e EVE arﬁ%‘rf‘e %Qer al

grom h bei ng comtianured ivit | on cthlee uafiezr-eof of heheargruwt edslanads 1i%
Process for duci ejyta galliumnitride (GaN) according
to one of cl g.'id% ﬁqt %fG%lco)r?p}?ﬁl sélp?lg&t e d'ep05| tion of a thin gallium
nitride layer (2) onBecausstrshe (dyowidharisct ephtedliadt Hetnearky dibet ectric
layer (3) 'St@l%o%h&@ﬂtowaggubm %Hpm@aﬂ tehde JrdvRh ratde @l ectric

| ayer is etched sq .,as tq define apertures ?f') and to expose those regions

(5) of said Pi‘?irﬁ‘add-lzl%rﬁrhloﬁqeﬁe QFAIRAFCTHIRe them - galliumnitride
i's regrown under epi tv&glﬁépﬂ&ppsdét:ﬁeaseﬁdftbmns @n tboh@ .apiinati/alod. ,gr own,
masked and et d a i h e Il Lum
nitride feat u?lé‘g‘ ?%ga%%sr ?&Oglnson;it\gge%%ega%@g&%{?c anlag attléllréal
grow h of samm@mmba(e)ratume Varteal fgramwt A et ng-Ednt i Thed dottied

coal escence qflnghelgar kBdS f:g%g,gr esf 20neProgass Rk ipr oggg_larigle@n %9; t axi al
| ayer of galliumnitride (GaN) accordin Ictquto claim18 or charactéri zed

in that the &Efélrlaﬁpéé%roé‘dl%éfé’%%ﬁe e grigh te]aspé‘FRt/ fes in the form
(()f il';rl pes. OI21 Pr oc&‘Sﬁsf Oéuw@ﬁuhbng aihagl thxi ﬁ]ndo&ﬁﬁr;&hogﬁldafumgm tride
Ga accor di a|m20 racterize |ntatte i screte.apertures
are teqular BORLTISnEHL Splrrni foT o RELTEEORE o bE srabyy BOREBITR
produci ng anbwplmcaim@rlngiy@ne ogrgul:hl emisiotriogy .( EN)s aseggdsng thad ai m 20
or 21, char ggt eae\fzgdaéﬁ 5ha§uf@£c@ar§ereff‘av%&%ﬂgurEﬁea%gd}wié}?ddfn a

circle of radlus | ess
gallium on the {1011} faces but, conversely, preventing

it on the (0001) faces.

Example 4: Two-step deposition of a gallium nitride
layer

Firstly, the process according to the invention
is carried out using epitaxial regrowth under operating
conditions comparable to those of Example 1.

An SiN mask 1is deposited on a GaN layer
deposited beforehand in an epitaxial manner in a

suitable reactor on a crystallization substrate such as



23 . Process for producing an epitaxial |ayer of galliumnitride {GN)
according to Maim 20 , characterized in that the apertures in the form of
stripes have a width of less than 10 um 24- Process for producing an
epitaxial layer of galliumnitride (GaNt3according to one of claims 18 to

23 , char actgabpaﬂr'en thahebhe &g@@@@@b@rcm i qm OtudtﬁZ 8H8S1$58 804" Of
the substrate 1s between
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The second step consists of the epitaxial
regrowth with doped GaN, especially with magnesium-
doped GaN according to Example 2 or 3, on the GaN
features created in the first step. Due to the effect
of introducing the dopant, the growth anisotropy is
conducive to planarization of the GaN features. The
facet C reappears at the top of each of the GaN
features obtained in the first step. During this second
step, the doped GaN features develop with an expansion
of the facet C and, on the contrary, a reduction in the
area of the flanks. The second step of the process
according to the example is completed when the f£lanks
have disappeared, the upper surface of the deposit
formed by the coalesced doped-GaN features then being
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he implementation of the two-step process

accordlng to the invention as described above results,
on the one hand, in the formation of a plane GaN layer,
which can therefore serve as GaN substrate for the
subsequent deposition, by epitaxial regrowth, of a
device structure, especially a diode laser structure,
but results, on the other hand, in a  highly
advantageous improvement in the crystal quality of said
substrate. This is because the lines of crystal defects
in the subjacent GaN layer propagate wvia the aperture
made in the mask, vertically into the undoped GaN
feature created in the first step. However, it seens
that these lines of defects become curved during the
second step devoted to the deposition of a doped-GaN
features. This results in lines of defects which
propagate in directions parallel to the surface of the
masked GaN layer.

Because of the modification of the direction of
propagation of the defects, the upper surface formed by
the coalescence of the GaN features is wvirtually free
of emerging defects in regions compatible with the size

of electronic devices, such as GaN diode lasers.

Example 5: Deposition of a gallium nitrite layer

directly on a substrate masked by a dielectric

This example illustrates a method making it
possible to obtain spontaneous formation of gallium
nitride features or islands on a substrate by a
treatment consisting in covering the substrate with a
dielectric, especially silicon nitride, film whose
thickness is of the order of 1 angstroém.
Advantageously, this method makes it possible to avoid
having to use ex situ etching of the mask by expensive
techniques such as photolithography and chemical
etching.

A suitable epitaxial growth reactor is used for
the orGaNometallic vapor phase epitaxy. Explicitly, a
substrate, especially (0001) sapphire chemically
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very thin film of silicon nitride is formed on the
surface of the substrate, the film being obtained by
reaction between NH; and silane SiHy at a temperature of
1080°C for a time short enough to limit the thickness
of the film to that of one atomic plane.

The operating conditions are the following:

The gaseous vehicle is a mixture of nitrogen
and hydrogen in equal proportions (4 sl/Min.). The
ammonia is introduced with a flow rate of 2 sl/min.
while the silane, in a form diluted to 50 ppm in
hydrogen, is introduced with a flow rate of 50 scc/min.
Under these conditions, the typical NH; and SiH,
reaction time is of the order of 30 seconds.

The successive steps are monitored by laser
reflectometry (LR) and transmission electron microscopy
(TEM) . '

After the dielectric layer has been completely
formed, a continuous gallium nitrite layer having a
thickness of 20 to 30 nm is deposited on the dielectric
film. The deposition of the GaN layer is made at a low
temperature, of the order of 600°C.

After the deposition of the GaN layer has been
completed, it is annealed at a high temperature of the
order of 1080°C. Under the combined effect of the
temperature rise, of the presence in the gaseous
vehicle of a sufficient amount of hydrogen and of the
presence of the very thin dielectric film beneath the
GaN layer, the morphology of said GaN layer undergoes
deep modification resulting from solid-phase
recrystallization by mass transport. When the
temperature approaches 1060°C, it should be noted that
the reflectivity of the Dbuffer layer suddenly
decreases. The initially continuous buffer layer is
then converted into a discontinuous layer formed from
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very good crystal quality are obtained, these retaining
an epitaxial relationship with the substrate by virtue
of the very small thickness of the dielectric layer.
The GaN features or islands are isolated from one
another by regions or the dielectric layer is bared.
The characteristic heights of the islands are of the
order of 2400 angstrdms. The observation obtained with
a transmission electron microscope shows that the
islands tend to take the shape of truncated pyramids
(figure 7).

Figure 8 1s a scanning electron microscope
image of a specimen obtained under operating conditions
that are modified so as to increase the dimensions of
the islands to micrometric values comparable to those
of the islands or features obtained in the apertures of
a mask (cfE. Example 1) produced ex situ by
photolithography.

During the subsequent epitaxial regrowth with
gallium nitride on the surface of a specimen, those
regions of the dielectric where the layer of the
dielectric 1is bared will function as the mask of
Figure 1 and the GaN features or 1islands thus
spontaneously formed are the analogues of the GaN
features (cf. Figure 1 or Figure 2) located in the
apertures (cf. Figure 1) which are produced ex situ in
the mask (cf. Figure 1). Explicitly, the GaN features
or islands will develop by lateral and vertical growth.

GaN layers have thus been obtained by
coalescence of the GaN features having a defect density
of the order of 10% cm™®, i.e. two orders of magnitude
less than that of the defects present in the gallium
nitride layers produced using the conventional methods.

Thus, in the variants of the process that have
been described in the above examples, especially
Example 4 describing a two-step variant, the use of the
ex situ process of etching the apertures in a mask may
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islands or features, the control of their geometry and

dispersion not being a prerequisite for improving the
quality of the GaN layers formed by this process.
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CLAIMS

1. A process for producing an epitaxial layer of gallium nitride (GaN) comprising :

- forming on a surface of a substrate, a film of a dielectric whose thickness
is of the order of about one monolayer;

- depositing a continuous gallium nitride layer on the dielectric film at a
temperature sufficiently low to suppress island formation of the gallium
nitride;

after depositing the gallium nitride layer, annealing the gallium nitride layer

at a temperature sufficiently high to promote island formation of the gallium

nitride,

performing an epitaxial regrowth with gallium nitride at the end of a

spontaneous in situ formation of islands of gallium nitride.

2. A process for producing an epitaxial layer of gallium nitride according to claim 1,
wherein the substrate is selected from the group consisting of sapphire, ZnO, 6H-SiC
and LiA10,.

3. A process for producing an epitaxial layer of gallium nitride (gaN) according to

claim 1 or 2, wherein the dielectric layer is a layer of the Si N, type.

4 A process for producing an epitaxial layer of gallium nitride according to
claim 1, 2 or 3, wherein the low temperature for depositing a continuous gallium
nitride layer is of the order of about 600°C.

5. A process for producing an epitaxial layer of gallium nitride according to
any one of the preceding claims wherein the high temperature for annealing the

gallium nitride layer is of the order of about 1080°C.

r S4
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6. A process for producing an epitaxial layer of galfium nitride
according to any one of claims 1 to 3 wherein the temperature for depositing a
continuous gallium nitride layer is of the order of about 600°C and the

temperature for annealing the gallium nitride layer is of the order of about
1080°C

7. A process for producing an epitaxial layer of gallium nitride according to
any one of the preceding claims wherein forming the dielectric layer comprises

reacting ammonia and silane.

8. A praocess for producing an epitaxial layer of gallium nitride
according to any one of the preceding claims wherein depositing the
continuous gallium nitride fayer comprises depositing the layer to a thickness

on the order of about 20 to 30 nm.

9. A process for producing an epitaxial layer of gallium nitride
according to any one of the preceding claims further comprising prior to forming
the dielectric layer, nitriding the surface of the substrate.

10. An epitaxial gallium nitride layer, obtained by the process according to

any one of the preceding claims.

11. An optoelectric component, provided with an epitaxial layer of gallium nitride

according to claim 10.

12. An optoelectric component of claim 11, comprising a diode laser.

13. A gallium nitride layer obtained by epitaxial lateral overgrowth on a crystalline

substrate comprising an epitaxial gallium nitride layer according to claim 10.
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14. Process for producing an epitaxial layer of
gallium nitride (GaN) , characterized in that it

comprises the deposition on a substrate (1) of a
dielectric layer (3) functioning as a mask and the
regrowth of gallium nitride on the masked substrate
under vapor phase epitaxial deposition conditions, said
gallium nitride being doped with a doping agent chosen
from the group consisting of magnesium, zinc, cadmium,
beryllium, calcium, carbon, silicon and germanium, so
as to induce the deposition of gallium nitride features
and the anisotropic and lateral growth of said
features (6), the lateral growth being continued until
coalescence of the various features.

15. Process for producing an epitaxial layer of
gallium nitride (GaN) according to claim 14,
characterized in that the substrate is chosen from the
group consisting of sapphire, 2Zn0O, 6H-SiC and LiAlO,.

16. Process for producing an epitaxial layer of
gallium nitride (GaNn) according to claim 14,
characterized in that the dielectric layer is a layer
of the Si,N, type.

17, Process for producing an epitaxial layer of
gallium nitride (GaN) according to one of claims 14
to 16 characterized in that the dielectric layer is an
atomic monolayer or a cover of the order of one atomic
plane.

18. Process for producing an epitaxial layer of
gallium nitride (GaN) according to one of claims 14
to16, characterized in that the dielectric layer is
etched so as to define apertures and to expose the
facing regions of the substrate, and gallium nitride is
regrown under epitaxial deposition conditions on the
masked and etched substrate so as to induce the
deposition of gallium nitride features on the facing

regions and the anisotropic and lateral growth of said
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coalescence of the various features.

i9. Process for producing an epitaxial layer of
gallium nitride (GaNi according to one of claims 14'
to 16, comprising the deposition of a thin gallium
nitride layer (2) on a substrate (1), characterized in
that:

- a dielectric layer (3) is deposited on said
thin gallium nitride layer;

- the dielectric layer is etched so as to define
apertures (4) and to expose those regions (5) of said
thin gallium nitride layer which face them;

- gallium nitride 1is regrown under epitaxial
deposition conditions on the epitaxially grown, masked
and etched substrate so as to induce the deposition of
gallium nitride features on the facing regions and the
anisotropic and lateral growth of said regions (6), the
lateral growth being continued until coalescence of the
various features.

20- Process for producing an epitaxial layer of
gallium nitride (GaN) according to claim 18 or 19,
characterized in that the apertures are discrete
apertures or are apertures in the form of stripes.

21- Process for producing an epitaxial layer of
gallium nitride (GaN) according to claim 20,
characterized in that the discrete apertures are
regular polygons, especially ones of hexagonal shape.

22. Process for producing an epitaxial 1layer of
gallium nitride (GaN) according to claim 20 or 21,
characterized in that the discrete apertures are
inscribed in a circle of radius of less than 10 pm.

23 . Process for producing an epitaxial layer of
gallium nitride (GaN) according to elaim 20 ,
characterized in that the apertures in the form of
stripes have a width of less than 10 um.

24 . Process for producing an epitaxial layer of
gallium nitride (GaN) according to one of claims 18

to 73, characterized in that the exposed proportion of
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total area of the substrate is between 5 and 80%,

advantageously 5 and 50%.

25. Process for producing an epitaxial layer of

gallium nitride (GaN) according to one of claims 14

to 24, characterized in that magnesium-doped gallium

nitride is regrown on the masked, optionally

epitaxially grown, and etched substrate.

26. Process for producing an epitaxial layer of

gallium nitride {GaN) according to claim 25,

characterized in that the dopant/Ga molar ratio in the

vapor phase is greater than 0 and less than or equal

to 1.

27. Process for producing an epitaxial layer of

gallium nitride (GaN) according to one of the preceding

claims, characterized in that the vapor phase epitaxial

deposition conditions involve the use of a carrier gas

preferably consisting of an N/H; mixture.

28, Process for producing an epitaxial 1layer of

gallium nitride (GaN) according to either of claims 26

and 27, characterized in that the masked, optionally

epitaxially grown and etched substrate undergoes

regrowth

- with undoped gallium nitride, then
- with doped gallium nitride.

29. Epitaxial doped gallium nitride layer,

characterized in that it can be obtained by the process

according to one of claims 14 to 28.

30. Epitaxial gallium nitride 1layer according to

claim 29 , characterized in that it has a thickness of

between 1 pm and 1000 pym and in that it 1s optionally

separated from its substrate.

31- Optoelectronic component, especially- a diode

laser, characterized in that they are provided with an

epitaxial layer of gallium nitride according to either

of claims 29 and 30 .



