16 October 2006 1 METHOD FOR PRODUCI NG A GALLI UM NI TRI DE EPI TAXI AL LAYER -
The present invention relates to a process for producing an -epitaxial
layer of galliumnitride (GaN) as well as to the epitax f
galliumnitride (GaN) which can be obtained by said pr oggsbsc O%éﬁ(ﬁz??)ég
process makes it- possible to obtain ghl'liumnitride |ayers of excellent
It alsg relates to the short-wavel ength optical devi ces or the

quality.
hi gh- power hi §FEHQR HFORPRODPUGINGA SALLMMMNIRIDE EPHAKIM LAYER h an
epitaxial galliumnitride layer. It relates in particular to

“optoel ectronic conponents fornmed on such galliumnitride |ayers.

Processes are known, f or _obt ai ni _r%ﬂ,rel,at ively thick GaN | ayers, .for exanple
" from 100 to 20.0 &r BRETERS. e He M dredakesl >‘F°u§EcP¢%C‘€$I$ofpde and

Ihydru de vmdghnggt tepd/t{+IVPE) 1a§1etrhaff Egammu,ﬁ IﬁL{-_Q?_t({ét’iL %8 aﬂ? GaN

ayers on sap e i ckness .are use ese |ayers

bei ng fabr%%a?e%iby & Eﬁ%bn%g’q'l ro T¥FES Vgsorga\gﬁds‘lé“ Epttakge( OWPE) .
hI a‘?@c@epa@%ﬁeleedeSahdbqwm:sapmme aand GaN

However .t¥ee )ry
i s such th;&foééh&s builid=pief SaE5ES it  Bealiayve W s Ly gracks and
g rgﬁo@%//egglﬁﬁmt HE &5beT i ment al

prevents the sap C‘%#Pstrate rom bein
|nnovat|onsyﬁrezﬂ Fﬁf e BWHFHE- of the sapphire at the start of

growth with Gad , Mepossd ionlafes m&henmﬂﬁ%&%@ptog@ggﬂt
" possi bl e tdével@e@ Ul'sth%roﬂlgﬁ' A%I ﬁls tine, the relatively thick
GaN |ayers have a double. X- BPFFrac SR (Bogaid¥e RGO a¥ia he or der
of - at besfeydgesr dyavidgd éﬁ‘?haﬁwchh@m eplneélxmait ghlloguaphiic-igual ity does

_ not exceedaibat. of the layers formed by OWPE of by nol ecul ar beam epi t axy
(MBE). In other rds eﬁ, potential sapphire, ZnO 6H SIC or LiAlQerr)

substrate is idea PLEfde hi tRA&L1cular to optoelectronic
cemponents formed on such gallium nitride layers. '

' Processes are known _for obtaining relatively

- thick’ GaN lavers, for example from 100 ¢to 200
micrometers. The method commonly used is chloride and

hydride vapor phase epitaxy (HVPE}. Either .sapphire

substrates or GaN layers on sapphire 200 mlcrometers 1n

thlckness are used, these layers being fabrlcated by

OtGaNot{etalllc Pyrolls1s Vapor Phase Epitaxy (OMVPE) Hosrever ,

“the crystal lattice parameter mismatch between sapphire
and GaN is such that the build-up of stresses in the

layers results in cracks and prevents the ‘sapphi_re

substrate from being removed. all the experimental

1nnova(:10ns (treatment of the surface of the sapphlre

_at the start of growth with GaCl, deposition of a ZnO
'1nter.1ayer) have not made it possible to solve this
problem. At the present time, the relatively thick Gan
layers have a double %- ray diffraction (DXD) llne width

of the order of at best 300 arcsec, whlch means that
_the crystallographic quality does not exceed that of
the layers formed by OMVPE or by molecular beam epltaxy‘

(MBE) . ,
In other wbrds, no potentlal sapphlre Zn0,
GH -SiC’ or L]_Aloz substrate is 1dea1 for nitride epltaxy

(excess.lve}y h;gh lattice mismatch and thermal




(excessively high lattice msmatch and thermal 2 16 Cctober 2006 expansion
coefficient msmatch, thermal instability). Mreover, the lasing effect (by

optical punping) on GaN has been known for a long tine.q di ode
{asers based on Il11-V nitride have been B produced, the 1&?@%@‘%@9& ity of

the nitride | $8si6RNSbLERE | : ur ese lasers is very
average. D sl%glgt i %:F] densi ti e%pg%%gﬁln%{l#%gﬁm 1%@8%%£f1%§%t%ebztlﬁg\/e been
measured. In fact, tHEOMRIEREs addwci alagingt h effecto fdnmat optickl

relatively thpuwkopg)t axéml lgan 9w Gy | ayeks; | ngl,ircataedlgggve q§1\ée

consi derably ‘ﬂhémﬁp }go&n thﬁ devel ﬁgrrent of diode .lasers provi ge Wi th
such |ayers  highdesrtHiSF h2SEhSehasesr of ngile ¥ ystride haveobesyi t abl e
substrateB, inxwsduied) i theof cpyodali ranallifyp- 66pi fige HIG A i gag‘bgg by

D. Kal ponek eteddsnitlfYrpal f owth,, .170 (1997) 34Q-343 nmentions-
the 1localized L de r{d?ovt\:/t}% i%ﬁgéﬂ‘ﬁgs" or P § njlfsﬁ)dfsgk 1o ¥8¥o form
pyram dal st AYQTR%s. Hsdnsation s dedsdadesentramginiger fdescr i108s ner

suggest s t he 106f ek i?oRavebyeenahessgpeg, of features or islands of smooth

galliumnitride |ayers. 'I}m %tlj\fl icatigon Y. Kato, S. Kitamura, K Hiramatsu
and N. Sawaki,: J. OWst.t&tow hthas4defsgtsosassogiptesscmids t hhe

sel ect i Vi gr Sarhagfiogal bfunreldtiviel by BINVRE epitarRAING SyPskhat8gnon
which has b posi t hi allJiumnitride | gyer sked by an
SiQlerr) | aygr%??%hg%ﬁé%g%%‘?ogr&’g’v al PEBRt ﬁ%bﬂ}dsf‘eedffg%‘éf gEOUSFll i itride.
30 However, the |éewelormenb tafky dinde camsees optrovidedl webtheidlher t he

docunent EP 0500 14 dases TRouel! 87 2BBLnEE Wr EiMSIS S AELS Hhucn

using a nask?fshﬁﬂéﬁaBge 35upPFtrRagraEphy impessdbilizy t o€ gmewduc ik

exanpl e35of p~doping. .

' The publication by D.Ralponek et al., Journal
of Crystal Growth, 170 (1997) 340-343 mentions the
localized nitride growth in apertures formed in a mask
80 as to form pyramidal structures. - However, this

20 document neither describes nor suggests the formation,
by coalescence, -of features ‘or islands of smooth
gallium nitride layers.

The publication Y. Kato, - Kitamura,

K. Hiramatsu and N. Sawaki, J. Cryst. Growth, 144, 133

25 (1994) describes the selective growth of gallium
nitride by OMVPE on sapphire substrates on which has
been deposited a.thin gallium nitride layer masked by
an S8i0, layer etchgd S0 as to reveal continuous bands
of gallium nitride. | ' '

30 o However, the localized epitaxy thus carried out

) involves neither the lateral growth nor the growth
anisotropy as will be described below.

The document EP‘0,506,146 describes a process
for local and ;l.ate.ral growth using a mask, shaped bj(
35 -v_lj.:thography, to localize the growth. The examples of

.sr_nooth layers relate in no case to gallium nitride.
These examples mention GaAs homoepitaxy on a . Gaas
<substrate and InP homoepitaxy on an InP substrate. |

Disclosed herein is a process




relate in no case to galliumnitride. These exanples mention
SéamAgt Eolrrgggirtsaxy on a GaAs substrate and | nP honpepitaxy on an I nP
substrate. Disclosed herein is a process 16 Cctober 20065 Bclo Ipﬂ)togl n
crystalline |ayers allow ng the production of optoel ectronic dévices
(especially diode lasers) having Iife 8 mes and performance

characteri stuccsOm,cﬁ @EES%‘&HQ@I“@ ﬂé{;éﬁosﬁlﬂ}%ﬁggt dppreviously. The

f a
t haye 4 tha eat nent_ of rate by deposition o
!sﬂivtegbf)resdl gl ect r| c Df of g°8§e85§8§'|1{q dfevicgal l(espeniaiilge diddeh is
itself fol | dRcErsy thehﬁmm@nneattullf@, dc?ltg?%g he %Ir%nggatye}ggarncgeﬁléo u;nuch

de isl V, I ef ec ree.
Jlms][gllndg cau?ggﬁg%%egeh%hegt M&egﬁ Ey cfﬁ‘q’eé%‘tﬂ"_f R athpse | ohtaingde | ayer
of excel | enP™ Gl PEYY-1n a first aspect there is provided a process for

t 1 AR co r|5|ng form ng
g:}ogughp?ag gpl aa)s(‘llj‘%l:tr:L twgs??{dn‘{éjopkghé{ieﬁ% c@%\/ﬂ ‘E‘ﬁ?’&ﬁné’& is of
the order ISR Idffé’lsu'ﬂaﬂ)sﬂﬂ ng ascmtrabti&oudlegabblrﬁm nitride

| ayer on tk@olkn'-@k@cm cdiepba‘uaﬁoﬁ SEMRRL B PO/ %E#ﬁiee”t% wto

1 and t he
suppress i fo qof (Lhe galliumnitride;  after dépositi Ag
gaﬂol um ni }I de ii ayggfigﬁ%eal | Xg t‘ﬁbe i uRPReadige . | Hparset athe

l'ium
armEtictent PE hi 1I11fpr0ﬂﬁtt&‘1dl§| andIeiat | gpieh thergal
ﬁlie{nr)iezigt u|romifmmauagr @fi@m%@| regrowmth with galliumnitride at the end
of ~a spont aneous | 5| tu formation of islands of galliumnitride. .
Accor di ng 3 sec Sc?‘}ﬂé? eofs gnadvi dedandss apivsd abygalhd um

ni t ri de | aé’éﬁﬂ O’B’E%ﬁﬁ@@nﬁy Gdre rpsotesdnass dghiingdi@boYer; 4o layer

of excellent quality.

In a first aspect, there is provided 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 1low 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. |

According to a second aspect, there is provided

ah epitaxial .gallium- nitride layer, obtained by the
proéess as defined above.

‘ Accordlng to a third aspect, there is provided

an optoelectrlc component, provided with an epitaxial

- layer of gallium nitride as defined in the second

aspect.




According to a third aspect, there is provided an optoelectric conponent,
provided with an epitaxial layer of galliumnitride as defined in the
second aspect. 16 Cctober 2006 3a According to a fourt éaggﬁkum%here is
provided a galliumnitride | ayer obtai ned by epitaxial ateral ‘overgrowth
on a crystalline substrate conprising an epitaxial galliumnitride |ayer
as defined in the second aspect. A process for producing a |ayer of
galliumnitride (GN), may be characterized in that it conprises the
deposition on a substrate of a dielectrigalayer functioning as a mask and
the regromh, -of .galliumnitride on the masked substrate under epitaxi al
deposition conditions so as to induce the deposition of galliumnitride

features and the QEE%QHriB%i c ghd latega|, ghovwggelgg?§gi dHesat urg? the
| ateral growth being continued unti coal escence of the various features.
The term "psbandstd d nstkadiofnifedtear ésyeraypkdlssindie mnpepyedxidhe
substrate generally has a thickness of a few hu?r:gyad m cronmeters (i

(in
particul ar; faﬁﬁ_ﬁla xi mat' &g * m cﬂ*‘bnetae_rs)c’@fr%lt the ch3eRATFAEM t he
group congbabirAgigl sappPhid®itL0Q1 6HySh &5 ull ARG’ rildcCaQgfd) and
I\/gAI(err)O&err_). Thé substrate is preférably treated beforehand by
ni tridi ng. APféhedabiny thehesadicwleaspects of the Si(err)N(err) type,
especially Si3N4A. Si2 may al so be nentioned, but other well-known

diel ectrics coulhdpkectsedfod hrgdRpasigt kONagkr dhegdll Blectriceids damNi ed out
in the galliumnitride growth chanber fromsi|ane 1:g]nd arrrmn;ﬁg. Pcrncgf erably,
the carri efaf§akei sharREgHESS dpurBat AbcoPWRHyE D B APEPSahbsli #8nt, the

‘dielectric gb@eff‘ea s 3P At Uil IRRGRY Bhye® AusOVRInlg the or drask 16
Oct ober 2036 of the afom ¢ pl ane. - L .

s and the regrowth of gallium nitride -on the nasked
,substrate under epitaxial deposition conditions so as
to induce the deposition of gallium nitride 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 microme_ters) and ttLay be chosen from the group
cdnsis_ting of sapphire, ZnO, 6H-SiC., LiAl0;, LiGaO, and
MgAl,0,. The substrate is preferably treated beforehand
by nitriding. .
' Preferably, the dielectric is of the SiN, type.
especially Si;N,. $i0, may also be mentioned, but other
well-known dielectrics could be used. The deposition of
tﬁe dielectric- is carried out in the gallium nitride
growth chariber from silane and ammonia.

Preferably., the carrier gas is an Ny /Ha mi};ture.

According to 'a first embodiment, the dielectric

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




 Next, epitaxial regrowmh on the substrate is carried out using OWPE.
-Regul ar features or islands develop. Exam nation in a high-resolution

el ectron nicroscope shows that the GaN, di sl ocation densjty.| regul ar
features or islands, which has theref ord grown wi t hout Le (e:rogeerpjlotaixi al : :

strains, i|<2f\Ehng abemic| pdanehan that produced by the direct deposition of

gal liium nitride on joResulsiyddgalh : gr h, i t akes pl ace

laterally in the élO%J[(gja dith[%elct i onas _o%%ge{'%(}fteﬁgpr i@%sursfug\gg,r%gﬁd #%eref ore

wi t hout beiTRFTTEY e axt el ng e RV s hReomlar t featupphi 0& sidpbands e,

fesul ts i ndawdilde! t eEx&Gadhatyshal iﬁualaitmigl}éé}ﬂu@fd@! PIacesses. After
2t

said featu en, obtdi.ned, the growmh nmay be, continued, ejther
usi ng - C]WE;\%%&{W (";‘rhtc)’v'ffha#lﬂgs '%Teacgafqat

) PSRALEARR | Hengd&Vestence of
t he i sl andé&heThsegudarf abestwess| timgi st aadst hadeos ekaencehafefstands |
~exhibit cryusioahn duald S ' X | ayers .grown.heteroepitaxially on
© sapphire. g The gal Itl!‘h?r%tni Prgiﬁggg%gtﬁ%sa%l%oln ?és%r%él%esr'al W CEYi &Lt in two
steps. A fLPSE sthpn dthat psrgucedr byof thepditient: elgpesiCiénr dfhe

deposi t i ongadf ianbufiftarideyat , cHé csumbicAckherFal f eflliesy \Mﬁdﬁuﬁm ge.
rr the growth o

.then at a Jy r erature r mat el 1000-'-1100(;) fo
“an epil aye‘tr}hg%g’mttsagcl @@ﬁ%@&rﬁgﬁ%&ﬂgg’ﬂﬁ 418204 igRssdomenon there i s
provi ded a@pBederctiit asvefazed | anfihathdéhefork elithbue |ByRigi Snet ched,

so as to 108 PREN t PLEBSES t0 expose the facing.regions of the
subst r at e?@%nd _gallium %F%raﬁglérips ersg‘g?lov\-/raw:tﬂ’ﬁ_andgrapg P &xi gf‘f’ﬁgﬁﬁ%ﬁ‘i on
condi t i onFGIPERE rds kBYChn ekt eeied Galbsorastado @ealbtyi mhere the

.deposi ti oiswefl galgrcoagidd | deafeatur es,94 tf@a‘t_@lc%gg hegionspang the
the | ateral growth being

‘ani sot ropio% %ndnl te‘rgg’léz_‘e gr owtpl of said features, r
© conti.nued e al ndEBH MRay arbeusdgintad,  sidbedi ngsivga third
_enbodi nenOMViERer @11 SHVPE. Growth takes place laterally, until |
coalescence of the islands. These surfaces resulting
_ f_ij:_Oﬂl the coalescence of islands exhibit crystal quality
sgperior to t-he layers grown heteroep_itaxially on

sapphire. .

_ The gallium nitride deposition is generally
carried out in two steps. A first step, at a
_ temperatur-_e of approximately 600°C for the deposition
of a buffer laver, from which: the GaN features will
emerge, then at a higher temperature (approximately
1000-1100°C) for the growth of an epilayer from said

. features. : ' ' .

' According to a second embodiment, ‘there is

" provided a process characterized in that the

- dielectric layer is etched, so as to define apertures
and to expose the facing regions 6f the substrate, and
.gallium nitride is regrown under epitaxial depbsition
t;opditions on the masked and etched substrate so as to
J_nduce the deposition of gallium nitride features on
the facing regions and the anisotropic and lateral
g_rowth of said features, the lateral growth being
‘com:'inued until coalescence of the various features.

According to a third embodiment, there is

provided to a process for'producing an epitaxial layer




provided to a process for producing an epitaxial layer 5 16 COct ober 2006
of galliumnitride (GaN), conprising the deposition of a thin. gallium
nitride |layer on a substrate characterized in that: a d ayer is
deposited on said thin galliumnitridesl.ayer; - the di e[i@?@%écljﬁ)gber i's

etched so asft galdahinien2PLfddr ¢aaRNd %nﬁ&lﬂ r#?@?%ealgéég{goq{ ggid thin

gal I'i um nit r| de ﬂ5{er V\h#jgh face the regr own under
epi taxial Qeposttiton EBMEFTFondHER ex]fﬂ!f%#}‘(l aldwy grownsupskkade and

et ched substhatacteragetio inndhae :t he dep03| tion of galliumni tr| de
feeatures onthefacm r ani sqt r opi.c d later growt h of
said features, the rai groﬁ}g% Ty E8n el'ﬂﬁp 9. ¢ S‘E,Iéﬁbe of the
vari ous feag%rue%ummétpiééeégﬁﬂis, noteworthy in that it can limt the

density of defects gengrat egi dieddie pary er rg S t%@d bet ween ( N and the
Substrate u giq a net hod which _co |nes |Ocal’ize epltaxy, gal"owt

ani sot r opy T aPRPHT YRS 72dt her IXPeF R tthega heegbdnaxpll sstidhi ns. The

process _carthiak ayalkki wi nliapﬁsdiél DayePGeRiEhI Pcet 8RBRALques wel | -known to
those skilled in the Accot to. the second enbodinent, a dielectric

a few nanoneters in t g‘kness |§gﬁ% BsiltBdTeOroMTe YRERK h crdframiad. Next
by phot ol i Hep@sdirpn mm@m com théi arpitaxibalgi greeh | makkea , thus

_eXposi Ng NMagH0 MidHLI  $@hoPSa PE gge urfac t ubstrate. growt h on
t he masked aif .etched su str%te 'S a%ar ‘é]cg'% euglﬁﬁg% E‘ ?ubstrate
general |y H&S+3UM ofeatures, Oﬁuﬁbﬁe(fanmmrme@x@u€ |mq‘bathecul ar,

appr oxi mat @hysofe6pliccran@t detlerald FBYER JYOSenif o (f{%e%r

"ConSI sti ngl&{'—@?gfpgkow’th eln%HcSc;n%lnlﬁleAA Ct)x?ntll_lll Gggglggcence of the

various features.
_ The process is noteworthy in that it can limit the
?density of defects generated by the parameter mismatch
- between GaN and the substrate using a method which
combines localized epitaxy, growth‘ anisotropy and

lateral growth, thereby limiting the epitaxial strains.

The process can make use of deposition and etching

. techniques well-known to those skilled in the art.

According to the second embodiment, a
dielectric a few nanometers in thickness is deposited
dn  the growth chamber. Next, by photol 1thography,
apertures are defined in the dielectric layer, thus
exposing mcrometrlc 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
féw hundred mlcrometers (in particular, approximately
.200 micrometers) and may be chosen from the gfoup
COIlSlStlng of sapphire, Zn0, 6H-SiC, LiAl0,;, LiGa0, and
MgAl,0;,.

Preferably, the dielectric is of the SiN, type,
e"s..pt:_'cJ'.a.ll?,gr SiiNg. SiO; may also be mentioned, but other




Preferably, the dielectric is of the Si(err)N(err) type, especially
Si(err)N(err). SiQ2 may al so be nentioned, but other 6 16 QOctober 2006
wel | - known di el ectrics could be used. The dielectric is 9%?(?[1&3@0@ n the
galliumnitride gromh chanber from sigane and ammnia Irectly on the

substrate, @elldReGiinded 1081 ACCHM L ent, the
gal lium  ni EI’I de.i sdf I.rstl gréwn epllﬁéi;?)zﬁ %é%ﬁ t‘ﬂ{ su és?er e b§7 OWPE.
The -deposi t1 SROSE 8N W e iR S 1P RakaiEeerarowth h'pblmbes i §remen

carried outsihabhe agdowelmmohdabeidi ity bbhai | thag@hite, apgstur es

are definedg [ ric layer, thus exposing mcronetri ‘c regions- of
the gallium %?g{:%?ﬁgﬁsgdra g%e Regrow h on the epitaxially grown, masked and

et ched ‘substrate i sAeaprflégdgotp Ltshmg:IGSM’EemEb&lﬁuhﬁtrth% %!I.elﬁhﬁy has a

t hi ckness qﬁlarl,ﬁgwllg;ur*fi_{legk ers s rt icular, ap i mately 200
m crorreter;% and na be chosen #?om t i JL((ffr u lé"on%rf sh‘ﬁ Sp re, ZnQ,
6H SI C, Li AR, ApRosdL ipnef exfabl 7, dheldcerect riac ifsewof -t he

Si(err) N(ema)ndn)epeers einectﬁhbxngggmis Si{ParTBY: aﬁ%—i aoe, ggntiﬁ) o but
e

el ectiic I's eposited

ot her wel Iq-_llgw r| C foi be uysed._ Th
in.the gal Fumnltri e growt mhskoldithagraphy .anepersudiasect | y

~after the §ald i defidied dén dehesidialecTii: etldyedid Ofchite dikpbesiiic is in
ticul t t
Bper tur g TaCEomet it ncb! B0 CHI Y i, RAH R SRS ni 11 de

apertures in the formof ~_stri pes,
| ayer, thus exposFegTOMEhyHn | Ghﬁnlﬁultcmfm&I}acgrowna miactlaxket and

feature. Thechpdr subetrate age&g&gggm baeulas ol especi al |l y .ones of
dlscre e apertures are inscribed in

hexagonal shape: anta eous )
r adi us of 5"%%% lf"’l'f%/ﬁ ?G“ﬁf’é‘llélfetfeﬁ‘% anhdibcknese gferaures in

a circle of
.the form &Wsmd\amacaomﬁdéhso'f(ﬂIﬁS@a&*Ei&uigr approximately

200. micrometers) and may be chosen from ¢the gfoup
consisting of sapphire, Zno, 6H-SicC, LiAlO,, LiGa0, and
HQAlzoa- ‘ |
: Preferably, the dielectric is of. the SlxNy type,
espec:.ally 813N4 SJ.OZ may also be mentioned, but other
well known dielectrics could be used. The dielectric is )
dep051ted in the gallium nitride growth chamber from
silane and ammonia dlrectly after the gallium nitride
deposition.

' The etch:.ng of the dielectric is in particular
carrled out by photolithography.
. Discrete apertures, or apertures in the form of
stripes, are defined in the silicon nitride layer, thus
é;c_posing the gallium nitride surface on e. micrometric
feature. The apertures are preferably regular polygons,
espec:.ally ones of hexagonal shape: Advantageously, the .
dlscrete apertures are inscribed in a circle of radius
of less than 10 micrometers, whereas the apertures in
the form of strlpes have a width of less than 10
mlcrometers the length of the stripes being limited
only by the size of the substrate.

Spac1ng of the apertures 1is regular and must
allow localized gallium nitride epltaxy followed by
anisotropic and lateral growth.




m croneters, the length of the stripes being limted only by the size of
the substrate. Spacing of the apertures is regular and nust aIIow
localized galliumnitride epitaxy followed by anisotropigs g& raI

< :

grow h. 16 Cctober 2006 7 In general, jthe portion of expose rea of
otal apea of the substrate is

substrate or of gal4dj Iyde the
re?erféﬁr l‘beit\?\}een °§Eéfﬁ’8 58% FIPHICApe®rF otd t hat

between 5 and 80%

gal | i um at §NPS¥e%tord@§os¢¢bhl@m nlierdidel eod r theartbttdint area aither
words, thicheetsihastditel egtr b a ' tons to
concentratg on tt__l.% apertures. %ﬁeﬁ‘%t[éh ?’ggarlgde%w‘n %’}nggggisjtl rr;béc’fi:l"“rsee(’:narr| ed
out using egul ar features or islands develop. Examnation in a
hi gh-resol ut i on eI GEtt rlm:s nbeléaﬁcﬂﬁﬁldslﬁg\gs; tht1fe Grbinsdi $1-QCJeon
density ingthgst gayl §r 3 i.sl and‘iu whi ch .has t heref.ore grown
without het r oepi aX|aI s t§1\?er"’§)n ERatesdn jpthee werds.of the

third vari Bhis tatahedat degilgctngd nstib€atier shl16abdl ayhe. Fhogiukhe GaN
grow h, W@&n&%@%@h@@ﬁtrhﬁ%eﬁ?ﬂ LYol % te?‘% (£010] directions, on a
Ba rel ati onship

dielectric surface, and therefore wt Bern Ng .in epitaxial
with the sapphire N&%Et r ZeFrowsEdy|an the substpbateersGadaxriedabugual ity

than the usualg mmBEsesReémgﬁg Otﬂe@tﬁr% arbxarr@ié}jdg eggﬁégé %eatures
I'S

arried'

~the growt h?{my qic tisnued, g f\; OWPE or é’ HVPE
out laterally, un 38l Esc 5195 hetieparpkectnprs dukerpseerer esul ting
fromthe &hgwsscenge the ﬂmddlsibchtioﬁupwds:ﬂty CiySlde ¢ Ié(rt o the

| ayers gr gecheledl Qgpi § ax y a novel t of rocess
‘therefore_consists in us‘:iﬁgg hé‘ﬁ'{g'}trc%l Hﬁ ﬁ%% g‘ﬁ €t §%i f al
‘growt h, g8f &rg§wlc(ﬁﬂmelsavﬂryPWBchnless, in the case

of the third variant, than that existing in the first
GaN layer. Thus, the GaN g’rfewth, which takes place
~laterally in. the (1010] directions on a dielectric
surface, and therefore without being in epitaxial
'relationship with the é._apphire substrate, results in
- much better GaN crystal quality than the usual
p'rbcesses- After obtaining an array of regular
features, the growth may be continued, either by OMVPE
or by HVPE. It is carried’ out laterally, until
coalescence of the islands.. These sui:face's resulting
from the coalescence of islands exhibit superior
crystal quality to the layers grown heteroepltaxa.ally
on sapphlre.
The novelty of the process therefore - consists
in using the -growth anlsotropy to induce lateral
growth,' going as far as coalescence, and thus in
. obtaining a continuoﬁs_ st_:;ain'—free Gan leyer. The
- lateral growth takes place from gallium nitride

_f_éatures or islands having reduced defect densities,
3 eaid features being obtained by localized epitaxy.

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

According to another variant, the epitaxial
regrowth is carried out u51ng gallium nltrlde doped
with a dopant chosen from the group cons:.st:l_ng of




obtaining a continuous strain-free GaN |l ayer. The lateral growh takes
-pl ace from gal liumnitride features or islands having reduced defect

densities, .said features being obtained by |ocalized egdc fzﬁ%cordi ng
to a varlant the epitaxial regrowth (8 carried out usmg undoped gal | i um

nitride. Acwgiien:gdno angiher vaid the owt his carried
out using g%J Lbum nitride, dl%g‘{j cﬁﬁum dopaw lﬁ Sén f‘F gfa&ﬁlp
SrnpoRy giRecia 6W1ﬁ5'gﬁ’é9£ftﬁ>ﬁlwncThcadmamlpeMgél e

consi stin
cal ci um a%dhaeartbmn mpetltahaw vheh asRa RS M Jﬂ%sn?ﬁfﬂiéewkkh has

a

been found.gh aIL| nitride wth dopi ng age
especial |y nn?r?gsﬁ umd'%fm i | e ?ﬁ% QKI Wﬁ%dé“%’fﬁ#@%ﬂh@dGaﬁ a
rel ative ingFeysd F"ﬁ’dl%e‘m% st ted einnat helskAid> didegddons, WhHE'

respect to gi:bﬁtgr Fefths rﬁt,eth@ t Q0 direction. Preferably, the
rea,terbf%g% Ojéalnr GELRS (WY ﬁﬁorreé?tﬁf’él t5o1,

dopant/ Ga "P? rat ﬁ)ﬂ g
advant ageous!y & thahi26®2 3 0cEbedi P AL addrketiataneagbersblay i ant ,

the epitaxike degeamt/Gai mERiriedeeut i %ﬂ@aﬁéﬁpﬁ:heﬁl rgt a¥.[dhLH;d°§, ckness

dielectric or

galliumnit | on.the etche
gﬁ&j& s Q&&gf djm ivRtageerely Lesst hhani o2r opy

of the order one~angs

condi ti ons, and t heﬁﬂﬁfgafdlm;m hot mndeheontade@stifed®s 98PaLEE difL t he _

pr-esence Ofegﬁﬂmﬁ%{[[ Py AAg the lateral growth resulti ng in

coal escence of the feéall ures. 'ﬂeéﬁz\?{e i D at ot "F%I%f%%st o the epitaxially

grown galliumnitri &eqéyersuﬂ@ﬂaﬁécwllzledul nitkite they depdie Pt ai ned

by the aboes mhnee&&cheﬁd\kiiﬂéﬁg@@ﬁﬁéy’ort h&sen! a&/eEﬁlgﬁ,\ﬁ% a d%é den3| ty

of less tQ?ﬁ% bt ai ne |n the prior art, especia

appr oxi nat e O?er ro?‘ n%gﬁs) 'ef‘EP‘%ﬂ yveJE%%C@ibl gaswhh haysothapya

t hi ckness C@ﬂdb'e‘%%en arghdtkefo gal:I;mmt Qi3 opbLLPALLY ¢} phat it is
| f- h te h

S€ Suppaiégss 8tL8” ih Ehéu8§gr%n%e 3% e%%pant in order to favor

the lateral growth resultlng in coalescence of the

features.

The invention also relates to the ep1tax1ally
grown gallium nitride layers, characterized in that
they can be obtained by the above érocess
Advantageously, these layers have a defect density of
less than those obtalned 1n the prior art, especially
less than approximately 10%m2

Preferably, the epitaxial layer has a thickness
of between 1 and 1000 micrometers and optionally in
that it is self-supported after the substrate has been
separated

The invention flnds partlcularly' advantageous
appllcatlon in the production of diode lasers praovided
with an ep;pax1al gallium nitride layer. described
above.. )

Several embodlments of the process’ accordlng to
the 1nvent10n will now be descrlbed in relation with
Flgures i and 8 and the examples
- Figure 1 is a schematic cross-sectional view of a
_galllum nltrlde layer according to the invention.

- Figure 2 is a photograph showing regular pyramidal
features. formed during the localized . epltaxy using




separated. The invention finds particularly advantageous application in
the production of diode |lasers provided wth an epitaxial galliumnitride

| ayer described above... Several enbodinents of the proizgg)scto%%c%ogi ng to
the invention wll gures I and 8 and

now be described inGelation with Fi
the exanpl eandbpgar egdliful SeierBEd C %t%ﬁ' %ﬁ%tigﬂékdﬂ:g ofpa yoallium
nitride | ayér. gccgrdi ngﬁto the invention. Figure I'S a photogra show ng
regul ar pyr ShFUSFCrHEattireS FEFRER aRerhYTeRe | ocal i zed epitaxy using 16
Cctober 2006 unBibgede gal lisum nbédt fena MoRelNgedBeRbYERT alkn 'S he
dielectric @ifigllscr(ﬁ ' pertures. - F(?ure, 3 I's a sectional_ view

per pendi cul ar " to 't he Llf"elcl di PEct ion 72 1%RA) i gRdLdum | dHitEiide de
truncated hexeererd fexagenakipyranidshows the variation in WI, WB and H
values in pm assapidd i time igmp WL WB _and H are
defined in Fi ureﬁ%? Fi uérlcﬁab‘gé s%lgﬁsg%ﬁie\ggﬁé?ajfl?o%‘i r‘ipﬂt REG oW vss es

nor mal i zed -} #heifoParkiahd gt Ffakbien araetioooine aid ™10l M, divect | ons
as a funct iz of drdee ddfiGediFidq@td 3 i n the vapor phase. Figure 6 is a
phot ogr aph _of t erye rami.ds obtaiped by |ocalized epitaxial
regrowth with % nes% uér/n%%)lgéﬁ &ﬁ’ Frogtielen shBudbeh o xewidnt 1geess  ef f ect

of the magmesr@hidgefato drhe heoLaN fLlawt brnugea iim tdad [0064) 0¥ad
i dly, iesulting in

I fl 1h t ' A ~
coul escencesaicheatatisgay! b s SUALKSETED T, YA Vgl

the formation, of a ﬁtral n-free continuous galtT
epi t axi al . F8FaPi dAsHPp. vEPgEr 8hases a phot ograph of the pyranids obtai ned
during growth arigadéng tig tehepIEeK@B?i: B of thif %B?Qrs‘?'é? 188"
m croscopy bgéﬂﬁ'é& 8 i’)s a Rhot rap %?‘t_he pyram ds 05:1l airthg%ﬁ‘ﬁég
o -~ by ocalized epitaxial regrowth with
magnesimnwdoped GaN. Figure 6 shows the advantageous
effect of the magnesium dopant on the GaN growth mode
in that it allows coalescence of the features to be
obtained muc_h more rapidly, resulting in the formation
of a strain-free continuous gallium nitride. layer in
epitaxial relationship. -
- Figure 7 is a photograph of the pyramids obtained -
during growth according to the Example 5, in
transmission electron microscopy.
= Figure 8 is a photograph of the pyramids obtained
duri_'ng growth according to Example 5, in scanning

electron microscopy.

_Example .1: Deposition of an undoped gallium nitride
layer - '
) A. suitable vertical Treactor - oﬁerating at
atglospheriq pressure. is -used for the OrGaNometallic
‘Y%por Phase Epitaxy. A thin gallium nitride layer 2
hav;mg a thickness of 2 fm is déposited, by
?FQaNometallic ~Vapor -‘phase epitaxy at 1080°C on a
_-_('(_)001) sapphire substrate 1 having a thickness of
200 pm. The gallium source is trimethylgallium- (TMGa)
and the nitrogen source is ammonia. Such a method is
described in many documents. |

The experimental conditions are as follows:




during growth according to Exanple 5, in scanning "electron m croscopy.
Exanpl e. 1: Deposition of an undoped galliumnitride |ayer A suitable
vertical reactor operating at atmospheric pressure. is yg %Jb@hdd%
OrGaNonetal lic  Vapor Phase Epitaxy. A@hin gallium ni tr| de ayer havi ng

a Lhi ckness of 2 poties lanasis ofehiiy1c Of £AMOELBLL Co¥aRET pRaRE £PI taxy al
ne pm e

1080C on a, (101) s%ong{n re substrate_1 having a

gal l'ium sofite s YT 1 i ubt-FHRAR-) and The ni m%ourm is

ammoni a. Sumr@dmeldodmas a degeridas iméra(w Soowrent s. The experi nent al

conditions are as helkl.Qws 0 6 to ,2006_.The gaseoys vehicle is a

m xture of H2 and N2 |%eaﬁél %%op&br aﬁﬁ §FF?’?11ﬂg e?r ¥&FoMas i s

i nt roducedP@eR §rowpar & &himdgyes|¢fia. $1lﬂébarn1hﬁliier gh1gald ijgm nitride

epi | ayer hagpobgeadgagwla i) #u aWeL o] itri.de film

deposi t ed a% % for the subsequent Q& %ﬁLﬁE Qeﬁl ﬁtlgle §th3‘m nitride
8fr)9d € aupapg 0$1H~506§écrﬁ1£§ndax siimratieapexft ively.

using Si H(
The el ectrbfi scamsamds.‘QOBIm c&;@g@@@@w@b&ervat i ons on cross sections show

“that the nmask obt.gj ged forjzns ﬁ‘? anor phous continuous | ayer having ‘a
t hi ckness of” apprOX| mat el yT2HHO8 nce FRRRSRESFLARONEt r PLEFOBRPRE i | m was

not neasur¥dServrtiensn @SN @rbssbesaseiohsr shéwr eshaef theS mask

speci fi catolraindeVeri-hel ess. ahgréglﬁggt %@tfr{lﬁoé& oi chi ong;r COértespgnds
e in y %’r‘lﬂ/e o be a

to the S|:<I‘13\l£l)r erm Although extr
perfectly Tﬁé‘mﬁlﬁf t he@ nmarri ealuae bythe
phot ol i t h@monmtﬁ:y eatt it d omﬁacmaag,nd@ ﬂ@%ﬁréa R %Qfﬁ%agona'
apertures s”in?'{:ft';[’sf;r buesde(?yfa m dleamat er circ The di stance between
the centers of acent ‘Shertitt e¥ePh tHe hhiR iwpesibirathenepi t axi al
regrow h- 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 c1rcumscr.1.bed by a 10 pm diameter circle.

The distance between the centers of two adjacent

apertures in the mask is 15 pm. 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 {typlcally

16 pmol/min. for the experiments with undoped gallium

nltrlde) 80 as to avoid high growth rates resulting

from- the very. effectlve collection near the regions 5

of t:he gallium atoms encountering the surface of the

mask The localized epitaxy reveals a growth rate Vc of

g'alllum nitride 6 in the [0001} direction virtually

proportlonal to the space in between two apertures.

In addltlon, 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

selectz.vely in the apertures 5. Consequently, the

masked areas behave as ‘concentrators, - directing the




on the exposed galliumnitride regions 5 in order to deposit gallium
nitride-is carried out on the specinens etched under conditions simlar
-to those used for the. standard galliumnitride grovvth‘G@)tg%r%r% m t he
TNGa flowrate. This is fixed at a | oygr value (typical Fy é’ prol/ m n.
for the ex LEN i th._undoped gallium nitride) so as to avoid high
~growth rat g{ﬁé:g%u{:ﬁv%& ’f_’ir%%n?gﬁ’ét P¥: effective collection near the -
regions 5 of the gihéignpatbnsatasoupeemcaguired eiithace jof Jig, wpsk. The

| ocal i zed efidaXYr&EYE 0 e_Vc. of alliumnitride 6 iI'n the
[ 00011 direction Virt ugﬁ?ét%%bm%’?t %gﬁgﬁa&&efh@%sﬁ&@@qlﬁgb&WQ%
“apert ur es. WFIRREFWON(SEY) rer | dzep oniews SN secobsesved, even for large
spaci ngs. From thi ssidur@y De jconghidagn, t cleatian and.the growth
of GaN occys .selectively in The apertor _eg E.éégrr? glquéqg’[ol"ﬁngt hg"hemalsked
areas behals aa TN Hat'dtS Pydiawdsng the 16 October 2006 11 atons

toward the apertur@siguliee Jrdwet fa r8&e6ian81MRALY Fefbiigi chihsi Y by

| aser refl eglomef§iyzoqr t fer by scanni el ectron mcroscopy (SEM
on drop Vi ews, OE %‘g’gﬁi on(2££|&—‘|g%h?% 295 aft SEMIGHtzRfF-aphtshBaitgdt he

devel opmenhesRIrRa lpygaid Hm  Fi tuide 3 pyramiseCtngn®, W speapgagicul ar to
the [1120]odi reieéi aind & | ogal ijzed r d exagonal, LITumnitride
pyramd. WL .Y )anﬂ H. depend lgon thtéht&i Un%qgig_dﬁ}%mswﬁe%’e gﬂaﬂ Ybettden (0001)
and (101_{? def ni A9 ALY dhes. PYRRES) iWeot Hes withieh widttheofapehéures in
the Si N neaprerEugeseid shewsilWh@a¥rriation in the Werr), Werr) and H

val ues in pmas a iLon of the growh tine in mn. Using lLinear
regr essi ons througﬁfﬁgéegpgé?%n{:gﬁ VBSAtdon Ha Mg i ride raaxl|Hs are

' obtai ned: WRUueP inpih 9 A efahcthor of tdiee [¢Addth HiR€CHERONn .
Using linear regressions through the experimental
points, the following results are cobtained: '

Ve = 2.1 pm/h (lateral rate in the [1011]
direction) ;

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

Wgo = 7.6 pm; . |

BR = 62.10.

| When We = 0 at ty (the _pyraqnid has a peak of

‘zero width), the height H varies at a lower rate, given
by the formula Vg/cos(8g).

| It will be noted that V. is extremely high
compared with the rate of 1 pm/h measured for standard
epitaxy on a (0001) substrate using the same vapor
-[?hase composition. Consequently, the Vg/V. ratio is only
approximately 0.15. | |

Example 2: Deposition. in t_:he gaseous phase of a layer
of gallium nitride to which mégnesium_ has been added |

- The . experiment of Example 1 is i‘epeated apart
‘le:om_ the factr that " 2.8 pmol/min. of (MeCp-)‘gMg is
‘1ntroduced in the vapor phase. The conditions used are:
growth time 30 min., gﬁ:owth temperature 1080°C, TMGa

16 pmol/min. and Ny, Hy and'NH3 2 sl/min. for each of
‘them.

Figure 6 shows that the presence of magnesium




Ve 13 pnmih (rate in the [0001] direction); WHO = 7.6 pm OR = 62.1. \Wen
W =0 at to (the pyramd has a peak of =zero wdth), the height H varies

at a lower rate, given by the fornula VR cos((err)R). | ot ed
that Vc is extrerrely hi gh corrpared wiih the rate of 1 ?T?E’ régglts)%grogd for

standard a 00 ubs gie usi the sane, .vapor
conposi ti on %% se%guen%:f'g %/é 19t §€ rnlg V€ap i n‘é?%?@‘ 0. 15.
Exanpl e 2: Hepesheldn. and thengagieguslyhaSEfaof (QODayeruppérgalﬂaldem nitride

to whi ch magresidie haphdesn; add hgeexper repeat ed
apart fromthe fact that 2.8 (e?%t; i EHS ?E?% §‘ gp % n roduced
in the vapdi¥ pHB&Prafenesnaft |(B‘ﬁ§Pt!|5]é@ a put tbﬁoﬁrﬁwt:hnénsﬁomfnpy gr owt h

t enper at ur ei sl 0#RGEntEMFousB, Risdifiea. and N2, H2 and NH(err) 2 sl/min. for
each of them Figure 6 shows that the presence of magnesium 16 Cctober

2006 12 increases the VR'Vc ratio well above the cos(8R) threshold and
consequent |Bxampd o G00 Infuppmcd adettheMepiansnolEhe regliect i vity of the

growth is not affegt yeth se t he h

ani sotropy is advant%glreegugl gheglgflggg %%%%@%@qu E&‘ﬁce 58 Eﬁne My/ Ga
mol ar rati 6@%@‘5“%&6&@‘1 g@ Fhe fMGEn nelahefjuwwin that e§006Lhal i zed to
the TMGA maknar [fllOllXL]l rainectD60d] asand hhRibh JoF "G IRPAe@Smgripnction of

In practice, it was chosen to

the My/ Ga lar 0|nthe apor phase. .
keep -a congfplaﬁf) lPI P%q?}‘?ﬁ& -and. to vary the anount of TMGA. This

nmakes it possible Tu @mtadématltheaavmﬂc&iﬁre 84 keepcentéais@amen the
surface of e3lie GEOYMacHY,AB0%P td 4RI Che' QhoBhl b2° RSS! TRIS:
'~ makes it possible to ensure that the available Mg
concentration on the surface of the growth islands is

identical for all the specimens.

Because the growth is controlled 1linearly by
the amount of gallium supplied, the growth rates are
normallzed in order to compare them. '

VY% rapidly decreases from 0.8 to 0.1 pum/h/pmol.,
while V% increases from 0.16 to 0.4 pm/h/pmol when the
Mg/Ga molar ratio varies from 0 to 0.17. The dotted
line is the curve of the Vy/Vc ratio obtained by
_éxtrapolation The y-axis on the right is Vp/Vc.

This curve shows that the incorporation of Mg
allows the ‘pyramidal structure to be easily controlled
by modifying the growth anisotropy. This suggests that
'Mg: acts as a surfactant, favoring the adéorptiqn~ of

‘gallium on the {1011} faces but, conversely,-prevehting
it on the (0001) faces. ' .

_Example 4: Two-step deposition of a gallium nitride

:laxer

Flrstly, the process according to the invention
:15 carried out using epltax1a1 regrowth under operating
condltlons comparable to those of Example 1.

' An SiN ‘mask is deposited on a GaN layer
deposited beforehand in an epitaxial manner in a
suitable reactor on a crystallization substrate such as




Because the growth is controlled Iinearly by the anount of gallium
supplied, the growh rates. are nornalized in order to corrpare them Vr'c

rapidly decreases fromo0.8 to 0.1 pm h/ prol, .while Vr' Jb%gf(fb% from
0.16 to 0.4 pm h/ pnmol when" the I\/g/Galgml ar ratio varles o 0.17.

The dotted séﬁgﬂﬁfé tliﬁr%gfle | Itlﬂ&‘ %lc ratj o Obcﬁ:ll{:lﬁgpgl sEBasedhat t he

extrapol ation. The y-axis on the'rig
i ncor por at iBIRGF Ry aMmvwarehdhsn amadal ist rt:heumastko be easidy eentrolled .

by nodi fyi I’quidﬁé OERSt Regilichdl rOPY enlhi Sy S as_a
surfactant \(i}l Iﬁ# t he adsorption -cl)e-f 2‘ i um on %@(ﬁl TRSBEs but,
conver sel y “55te RS i 3G %e?%hz)ora@agedaanphe GaNTwaL Gt ep

deposi ti on difrestgain,i urmmithb'u@ﬁ | ener E}a{ﬁta[ﬂh t g prgggssglc&gég ng to

regrowt h unde erating

t he i nvent 54 US'
'd%cr'lﬁebﬁaef{etqf Eﬂl ORFrlSPRI Aifsleaxgigshosit ed on a

condi ti ons corrpar
GaN | ayer f@&powther bepe”rl@mm:nqnsan epi tmeal TBRESF | Ririiidabl e
react or onegpecystai hﬁafth%’”'dﬁikpsﬁ B s&ﬂ) 16 October 2006 13
'sapphire. Linear ﬁlelrtures 5 pmin W &t n §°&12%ed apart by 5 pmare then
made in the mask i h6r cﬁﬁ?l'f%"l%%pmmh EQSOMJ_édleoﬂlﬁbJ@ﬁenﬂld ayer .
The | i near exposedunesyiies adMal aga9Hskbi-9bheds§d a(gl?e% u{nn%mo]

e i exanpl e

gt ect t of th
| Tectlon ot {?ﬁ%@ FORQITIRY | Shcty, BRCortien: Growkb. otehoia] e

can be optl arrie
apertures, fo%bbC|éir?Ctnonheo@aN tlhkl 2@anli 1 t@Fes Thgugﬂggéh@lyr egrowt h
I's carri ecb,&gg ah ¢ e i gns uni nt.ent i onal doped”GaN under
i He g %zs%&a;} %‘%’g gl?o%‘ﬁ Béf:gcl Frof‘hélon‘[éb%oﬁ‘i &heection of

~operating gonditions such t
the GaN f edtUrdetuf rilans | y ofxcesatd t hefepontds 1 at eUhdleihe gienction

normal toddmlitions, the anlsot_:ropy of the growth results in the
disappearance of  the (0001) facet. The first
‘implementation step of the process is completed when

.the (0001) facet of the GaN feature has dlsappeared At

~the end of the first step, the GaN features are in the

form of a stripe, the cross section of whieh is
ftrlangular However, it is possible to continue the

flrst step until coalescence of the GaN features, in

order to completely recover the mask. In this case, the

-'cross section of the coalesced GaN features is a zigzag

11ne ,

' The second step consists of the epitaxial
regrowth with doped GaNn, especially with magnesium-
doped GaN according to Example 2 or 3, on the GaN
features created in the first st:ep Due to the effect
of :Lntroduc1ng the dopant, the growth anisotropy is
_conduc1ve to planarlzatlon of the GaN features. The
facet C reappears -at the top of each of the GaN
features obtained in the first step. Durlng this second
step, the doped GaN features develop with an expansion
of the facet C and, on the contrary, a reductlon in the
area of the flanks. The second step of the process
.accordlng to the example is completed when the flanks
have disappeared, the upper surface of the deposit
formed by the coalesced doped-GaN features then being




i nclined flanks of said features. Under such conditions, the anisotropy of
the gromh results in the disappearance of the (0001) facet. The first

i npl ementation step of the process is-conpl eted when et of
the GaN feature has di sappeared. At -tie end of the fi rg?@t@%%h@(ﬁi
features argidhdhe formof a stripe, the cross section of which is
triangul ar. However, it is possible to continue the first step until

coal escence of the @Fh?feﬁﬁ@*@%enﬁi@tl@mdepftotb@rrplt:&toeﬁtepecmcéé@ mask.

In this casecddi®limg 066 &R6! HaRedk ilhe &&ahééffﬁi?gﬁr'\'gﬁaﬁ%ﬁ .idftsa, dZ'GgZNag |

line. The seco onsists of the epitaxia
especial |y W qﬂl’f’ﬁg‘?fg%C‘Eﬁﬁé‘do’p‘éodé%l\ﬁﬁl%ﬁﬁlpﬁgofoa@&#ﬂlee Gzil\brlﬂfemn t he
GaN featurwbmbeat:ad |nheheffbrésts@ﬁﬁ) dyechn thepstiset @i nipducing

t he dopant, 4{,pg & YhR ond. CI v.e to Ianarl zation of the
GaN features. The We{ﬁ%é régﬁp ars Wit h@lcam
feat ures obBEVAEE | Ft¥petRre st espep:,laﬂllm ng tdm@ael:amﬁlr stefcddie doped

“GaN featurebudeveir@@ui\téh afbnexpéﬁé' 0’1:%19&]:' an%\cet 2% O@E@S“%ﬁ th
an €

contrary, a redu%tlon in the area of t ‘The second
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features. This results in lines of defects which
) propagaté in directions 'parallei to the surface of the
masked GaN layer. _

Because of the modification of the direction of
propagatlon of the defects, .the upper surface formed by
the coalescence of the GaN features is virtually 'freé
éf emerging defects in regions compatible with the size

of electronic devices, such as GaN diode lasers.

Example 5: Deposition of a gallium aitrite layer

dlrectly on a substrate masked by a dielectric

This example illustrates a method making it
'pq_ssible 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 angstrom.
-Advantageously, this method makes it possible to avoid
having to gse ex situ etching of the mask by expensive
technlques such as - photolithography and chemical
etching. -

A suitable epitaxial growth reactor is used for
.the orGaNometallic vapor phase epitaxy. Exp11c1tly, a
substrate .espec1a11y .- (0001) sapphire chemically




substrate. This is because the |ines of crystal defect s inthe subj acent
GaN | ayer propagate via the aperture made in the mask, vertically into the

undoped GaN feature created in the first step. However, ;i bhcapEMoost hat
these |ines of defects becone curved diging the second step devoted to the
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~is used for the 0{[-?8'\9 %%lil‘hc vaﬁar. Ehase epitaxy. Explicitly, a
"substrate, especially - qa tELeREnfES Fhe16oblowiag:2006 15

P . . crenredl ! .
pr epar ed bef‘orehan‘ﬁh%yqaégmemsmghaoﬂepli@(lang.il;ftlfmg B82S0 c FBFO4 acid
sol ution, 4Ada Bydréfdh 0.in S &?ﬂ d 1.9 tenper r .. approxi mately
11050- 1080C_i n_or der, g?‘%)_ be nit |d€d'%y°%°§1btols ?‘E)'ffe]s&r[’e‘é of T8 for
zappr oxi mat ¥FYORH? nitFut B_ETofeerdt Wik arithowy shee, af \Erylidim, film of
~silicon nIWIniIb ithd oOsTREn) the 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,
‘ react_ion time is of the order of 30 seconds.
| The successive steps are monitored by laser
reﬁl'ectometry (LR} and transmission electron lmicroscopy
(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 amnealed. at a high temperature of the
order of. 1080°C. Under the combined effect .of the
Lemperature rise, of the presence in the gaseous
x_rehicle 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
réc;ys tallization by mass transport. When the
_tgmperatu're approaches 1060°C, it should be noted that
the reflectivity of the buffer layer suddenly
- decreases. The initially continuous buffer layer is

then converted into a dis_continuous layer formed from -




surface of the substrate, the filmbeing obtained by reaction between NH3
and silane SiH4 at a tenperature of 1080C for a time short enough to limt

the thickness of the filmto that of one atonic pl ane. T@%c%%f?édd‘g

conditions are the-foll ow ng: The gaseb@s vehicle is a m xture of nitrogen
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initially goiddwaiops. buffer layer is then converted into a discontinuous

-layer formed from 6 Qct ober 2006 16 galliumnitride islands. At the end
of this spontaneous'#Sity 1S & scanning electron microscope

image of a specimen obtalned under operating conditions
that are modified so. as to increase ‘the dlmens.lons of
the islands to micrometric values comparable to those
of the islands or features ob_talned in the apertures of
a mask (cf. Example . 1) produced ex situ by
photolithography. -

During the subsequent epitaxial regrowth with
‘gallium nitride on Ehe surface of a specimen, those
Yegions of the dielectric where the layer of the
dielectric is bared will function as the mask of
Figure 1 and the GaN features or islands ‘thus
spontaneously formed are the analogues of the GaN
features (cf. Flgure 1 or Figure 2) located in the
apertures (cf. F:Lgure 1} which are produced ex situ in
'_t?le mask (cf. F.;.gure 1). Expllc:Ltly, 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% em™2, ji.e. two orders of magnitude
.less than that of the defects present in the galllum
nltrlde 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




recrystal l'ization process, GaN features or islands of very good crystal
quality are obtained, these retaining .an epitaxial relationship with the
substrate by virtue of the very small thickness of the g bénel ayer .
The GaN features or islands are isolatgg fromone anothgarsejlggﬁ)trefe%@gns or -

t he di el eclgdvan@ [ d haract eri stic hei.ghts of the islands
are of the or d%t?a%éfo‘%%]@%agﬁggy?gﬁs%gc JERArE0 s thitheednviite a
transm ssi GRWEISVE ni kegueioben shodesthiabedt hebovs) ansis tend ta@ut ake t he
shape of thiwleaidd ¢y é8hlares fgure, 8 Ls a scanning electron
m croscope y:impge .of a specien ?g{ii%% tﬁ‘%q&o%@?é iﬁ’&o&) 'tig?ﬂfi t hat
are nodifi € 80, aS® o°f ci’@ﬂs”@ t Ae PHORaBiisideoffon hémpybandy tthe

m cromet ri euadligys cdormier e 1ovéhoSEornbdtiBe #15] aNgsoQLskeat ures obt ai ned
in the apertures of a rask (cf. Exanple 1) produced ex situ by

photol it hography. During the subsequent epitaxial regrowh with gallium
nitride on the surface of a specinen, those regions of the dielectric
where the layer of the dielectric is bared will function as the mask of
Figure 1 and the GaN features or islands thus spontaneously fornmed are the
anal ogues 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 | ateral
and vertical growh. GaN | ayers have thus been obtained by coal escence of
the GaN features having a defect density of the order of 108 cm 2, i.e.
two orders of magnitude Iess 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

exanpl es, especially Exanple 4 describing a two-step variant, the use of
the. ex situ process of etching the apertures in a mask may




16 October 2006 17 advant ageously be avoi ded and replaced with the in situ
spont aneous formation, described above, of the GaN islands or features,
the control of their geonetry and dispersion not being a izl te for
improving the quality of the GaN layers forned by this g?g%§§§9ﬂ¥§ -
------ ------ ---- 16 Cctober 2006 18. CLAIMS 1. A process for producing
an epitaxial layer of .galliumnitridel GaN) conprising : forming on a ‘
surface of a substrate, a filmof a dielectric whose thickness is of the
order of about one nopnol ayer; depositing a continuou$ galliumnitride |ayer
on the dielectric filmat a tenperature sufficiently |ow tqo suppress
island formation of the gallium nitride; after depositing the gallium
nitride |ayer, annealing the galliﬁﬁ#&#&&g de layer at a tenperature
‘sufficiently high to pronote island formation of the gallium nitride,
performng an epitaxial regrowh with galliumnitride at the end of a

spont aneoys, in situ. fqormation of islands of galliumnitride. 2. A process

for produbithBroshssder praducing amopitaxis layar of gabtivoa tittidie(Gadh @odiphigingo cl ai m 1,

Wwherein the subSgakss i t from.the_group . .consistjng of sapphire,
ZnO, 6HSiC and Li A &ag.ﬁll poﬁgacsélg’g&?t%ra %ﬁbﬂﬁgFW&c% @b?*é%‘%’t‘l‘“ﬁ ayer of
cgalliumnitride (sguihe ardecsftibogt doe méiobdyer; 1 or 2, wherein the dielectric
layer is a layer ,of .IIIﬁPle Si, (Nl type 4. A process for producing an epitaxial
layer of gall i urfRosiinga@ cdntigpons gailivm nifnsieriaver op e diglosttie fimatihe | ow
~tenperature for @ ﬁ%@é & REER iYW Us gg!l' m, i tride er.is of the
order of about 600¢ ,S%A pro::esg l?gﬁgpr G %tém% O@bﬂt'toébﬁfjﬁglgﬁw of
~.galliumnitride mesletding to any one of the preceding clains wherein the
high tenperatyge for .anneal i the .galliumnitride layer is of the order
of “about 1080 .efl%Pﬁi‘f‘B%g‘F’ &”88‘8“_‘&@‘18.‘3%@“&@%% the galbiusunittideglager epi t axi al
Fayer of gall atumehipefdrsie suffceigitiigh IPpRRYLRBal fodtl Mol tnd Qufuiher e n the

tenmperature for depositing a
P _ nitride,p g

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

spontaneous in situ. formation of islands of galiium nitride.

2. A process for producing an epitaxial layer of gallium nitride accordin;g to claim I,

wherein the substrate is selected from the group consisting of sapphire, ZnO, 6H-SiC

3. A process for producing an epitaxial layer of gallium nitride (gaN) acobrdiug to
claim 1 - wherei i i i
: or 2, wherein the dielectric layer is a layer of the SN, 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 praducing 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.




continuous galliumnitride layer is of the order of about 600C and the
- tenperature for annealing the galliumnitride |ayer is of the order of

about.. 1080C 7. A process for producing an epitaxial | gy&i.tQfer98hd i um
nitride according to any one of the preceding clainms wherein formng the

dielectric layer conprises reacting amonia and silane. 8 A process for
producing an epitaxial layer of gd®iumnitride according to any one of

t he prec'agedi ng cl ?érn; wherei n depositing the continuous galliumnitride
l'ayer conprises deprsPss i9gPiodecing pa epitaxial layer okgalsmm nigidet he or der of about

20 to 3fecominglo ayinBGR SRIhD T (05 WHEP:IA I Bor ‘.retataﬁgiﬁl dé EIEI% fgallium
urthé

nitride_ ccording to any one of the preceding clalns r r conpri sing
pri or {C8MHANE nglliYm cnitgidR| ayer fsc of dherordai tof iabionty 60AE sadfthee of t he

subst r amperhfure ABr QRhdafitd the GAlIldnU Ritritdd § i Lned by the process
accordi ﬁgﬁi 0 any one ofgt heg%r ecedi ng cﬁ%ﬁ%&xﬁéﬁrd%ﬁ&%&)@tél ectric
corrponé ; cbrovi ded with an epitaxial layer of galliumnitride according

to claim10. 12. An optoelectric conponent of claim 11, conprising a diode
nitride |ayer_ obtained by epitaxial |ateral overgrowth

| aser. ,13. _grallist;fm , er [ Pl )

on a crystalt FiRESS abRrefuRing aRitax layenaf ealiumiinide agaodnd® ni tri de | ayer
- accor;diang onhe dfthe Preklding claims wherein forming the dielectric layer comprises

reacting ammonia and sitane.

8. A process for producing an epitaxial layer of gallium nitride
a‘ccording to any one of the preceding claims wherein depositing the |
coatinuous 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 galiium 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 optoelecttic componeat of claim 11, comprising a diode laser.

13. A galliiun sitride fayec obtained by epitaxial lateral overgrowth on a ceystalline
substrate comprising an epitaxial gallivm nifride layer according to claiat 10.




