; e3e<889d: ($; H <6<T<'f6 1 17 APRIL 2002 PROCESS FOR PRODUCI NG1ANABERL TZO0DAT
LAYER OF GALLI UM NI W present invention relates to a process for
‘produci ng an epi taJ Ilﬂmmmmmm galliumnitride (GN) as well as to the
epitaxial layers of galdgygmnitride (GaN) which can be obtained by said
process. Such a i process nmakes it possible to obtain galliumnitride

| ayers of excellent quality. I It also relates to the short-wavel ength
optical devices_gr tgg i.gh- #&'}sg - f e 0 ifw
provided with sERHCE eEPﬂaEﬁ%‘J’g I §§§E@% . @ r n
particular to optoel ectronic conponen d on such galliumnitride

| ayers. Processes are known for obtaining relatively thick GaN | ayers, for

exanpl e from 100 to 200, nheEQBREEhSveits JELIOM CAMPY! ¥ Wil dsy CRbpri de
and hydri de vapor p.haseeg%ita_xy (I}IYE”E. Ei t her sapphire substrates or GaN

| ayers on sappfedeciha® ARc et nlakeEkfdssoat biyBeitridee (@8N} s
bei ng fabri cajedwby1OacaNadetRE! iepiltyikalailsi Sayépor oPhaea 16Rind axie £ {LAdPE) .
However , the clg’:Pre&/sta#l.l ttice arantgéer 'sregatch b§tween sasophisre and GaN
is such that ¢ u &-Cg‘p P s PesRRERCENSY afBFS RIEQFTE 1 nS8F k@ and
prevents the mapphis e mskest r dte poswibkenda epbtedn Addll hemexpitryxdat al
i nnovations ( Jéf&ggeguf Scdifestr&@sei @, the sapphire at the start of

, f

growh with deposition of _a Zn0O 1nterlayer) have not made it possible
to solve this probl edt selEperglates: toj e LteiwaveAangthi et isal | ayers
have a doubl ievidds dids r aghé OmhidiPordne Wigh M edqudiecwr deTe®f rathidest

300 arcsec, i ch means that .the, crystallographic .quality does not, exceed
that of the IG5EHGST PRt ayd B SRRy oo Comirar Ao dR AR B (AR . | n

ot her words, Tuyguotential sapphire, ZnO 6H Si C or Li A102 substrate is

ideal for nitride epitax ssk vel L hatti m r mal
| ~~~A-~~IN 17 APRlloLfgo%ﬁe£§§§%an%¥onisc?%lg??i“%%nt Ct% s%&%@%‘ﬁg
i nstabi | ity).compensrts formedsomgseshegallbynopitrideplayeng) on GaN has

been known for a | ongptid®ssddt RpWhkdioese EgserspbasethdN ddiladdViiyi de
have been ~ i, produced, the crystal quality of the nitride |ayers

consti tuting ¥kt r Galur d3rhesetPasef¥aRleer Frafbr a0 DS 0cH? on
densities rangidoridoard09The IElttodd Zobmven bgemsesasik edhlbiriBiactand he

defects associated.-with the |.faormati fr Lvely.thick epitgxially
grown GaN Ia??e‘F “IG AR aBBGE a$89g8%¥i dg%[g%*az‘sl%h% ]aoménzaqgﬁ'élre

devel opnent cfubk todet¢aser sGaNokadedswenhsepphilkcgy @09: miicglemedsimuain n,
absence of sifig] 9Lyt Ars Ae] %Wets%blfafé@g 1lieRy EABPSShbLhl thy of

produci ng p-dopi ng. The publication by D. Ka Eonek et al.,. Journal
OrGaNoMetallic Pyrolisis Vapor Phase Epitaxy (OMVPE). However ,

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 sapphire
substrate from being removed. All the experimental
innovations (treatment of the surface of the sapphire
at the start of growth with GaCl, deposition of a ZnO
interlayer) have not made it 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 LiAl0, substrate is ideal for nitride epitaxy.

(excessively high lattice mismatch and thermal
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of «Crystal Growh, 170 (1997) 340-343 nentions the i |ocalized I &PRIe 2002
gromh in apertures forned in a nmask so as to form pyram dal structures.

‘*However, this docunent neither describes nor suggests the formation, i by
coal escence, of features or islands of grmot h 'l galliumnitride | ayers. i
The publication Y. Kato, S Kitamura, K¢ Hramatsu and N. Sawaki, J. Cryst.

G owt h, 144,e>ﬂ;%1$ﬂ&94@oelﬁsm1éms mimnaéd:}sptthengabmiﬂnsbabghityum nitride

by OWPE on sapphir tes wh s b pos allium
nitride | ayer maske ch!‘"y an % tl%% erll(eé? Egd sg%gggg Q\%m aoéatélhngous
bands of galbumpdngkricie. GaI‘HO\kBi%r badre |k zefdlreplat axyorichustiges i ed out

i nvol ves neig f@hoi, &l%&éahagéﬁ%ﬂ 'ﬁ)a%%"d tdhe Bfewy hnﬁekiéér@x%)&ea%é/éM be
descri bed bel ow. docurment EP 0, 506,146 describes a, process for |ocal

and | ateral %’E‘H@M?ﬁ%& fhes FRERtalh PRl by | i hofjhﬁpﬂ}/lt’fbd?oc]ﬁxez’é’s t he
growt h. The exadpiestig' t&iﬁ)Obhrha:y:&rr% r elfat ehéﬁenOle@éf)st olsgal-\}ewn
nitride. ' These exarrpl# % rt Qn lom)sepl [ ax ;o0 ac fbmstrate and
| NP honoepi taa Th-an 1TH rate YHe o eclf [E%e
the 17 APROQ' 2@@22 :BlaMwéxmmelasun:@dobt ai n crystalli ne | ayers

al I owi ng-the product,on 9£cgpt oghgct rdggé‘c&ewggéoéfgpg&l aldixndi qdg. | asers

having life times and performnce characteristics are superior to
t hose obt ai nfedrpaeirnualy. redatiNedit oﬁélﬁ}sveewemﬁl%hhy tHOWR e ANt of

~? su:aist rat elé&'elgﬁpQ&ﬂtlb@J&e@f absvét ahwe db@h@@tﬂélrabﬂ.sﬂ I@w:deay digposi tion
of gallirumnitri '

I,f foll d I
causes the I Eforcfﬁa ARy alolfl '5E§dﬁl tf?ﬁé)%gsl%%%‘él%gaﬁ”%ﬂea I q?t ual Iy
defect-free. 1é|3haecs:oeth$tmrmlcbiabmh abbtande ofusédghy tchrgsitedrs taredhit ment

results in amga' éﬁi‘@%ﬁ‘ié“g&b%@i‘ﬂegf eXupbbeihi Gyl t¥e | pIRRuidieRNt i on
relates first process for producing an epitaxial layer o gallium
nitride (GaNg; Qi?ﬂﬁih sing: depositing on a substrate, a dielectric |ayer

functioning as a rmehe Faaqélesaww gy 9Bl kKhupbAkL! idte Qppedwdﬂhﬂ dopi ng
agent as an enhancer at er growh with reslf)ect to vert, cal owt h on

the masked Ubstrist dglro{‘)'& or p gse(%%??bx@aod%%sf"ﬁ’kﬁ'f‘%dl %ns so
as to i nducelddftelﬁﬁsm)sﬂlii:ﬁﬂd@fggaﬂvthu&nnldp’dxdﬂlrf@.tﬁm&ﬁe@nﬂnaa atsis3ot ropi ¢

and | ateral &rovg& qQf, sqgoq:mf eg&% the | ﬁ%tt% grﬁm‘}gﬁj ng .eqnt |nued
until coal escencé of the vari ur ef. e SubStrate genér altl
t hi ckness ofdecyresnthumelt e i dﬁ@ﬁmbﬁg pioxr Eugdestar thapﬁpmarmm,y 200

m cronet ers)y, &gndcme@@ex%@serbfr%é@@rggouarcomgngaagg o samRiidie, Zn0O,

6H Si C, Li Al Li GaQz and |, MJA1204. The substrate is preferably treated
bef or ehand 921 lium nitride layers.

The publication Y. Kato, S. Kitamura,
K. Hiramatsu and N. Sawaki, J. Cryst. Growth, 144, 133
(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 Si0; layer etched so as to reveal continuous bands
of gallium nitride.

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 lateral growth using a mask, shaped by
lithography, to localize the growth. The examples of
smooth layers relate in no case to gallium nitride.
These examples mention GaAs homoepitaxy on a GaAs
substrate and InP homoepitaxy on an InP substrate.

The object of the process according to the

r%ces acce? di ng to

1



by -nitriding. Preferably, the dielectric is of the Si XNy type, especially
Si3N4. Si02 may al so be nentioned, but other well-known dielectrics could
‘be used. The deposition of | the dielectric is carried out |9&Q& gfd |um
nitride i growh chanber from silane and anmoni a. Preferably, tha cal i er
gas is an N2/H2 m xture. According to=s first enbodinment, the dielectric

| ayer is an atom c npnol ayer, or a cover _qQf the order 17 APRI L 2002 4 of
the atoni dT¥EROMNGS  tepobkath Frys ine Javerssaddowing cehei ed out
usi ng OWREoddegiiloar (f)Eabﬂﬂje&Mcttﬁd)ﬂﬂdS adeMRIerP. (EXPBERNANNIYN dibde

hi gh-resolution, el ec ron m cro o e shows t hat the GaN di sl ocation density
in' the r‘é‘&ﬁrgﬂ featUred™r is MeH5has BRE ef oPEYSUBARES hout

het er oepi t:émralct@lmaams:s i whighy m:reh bepertiban tbatthposuctstdinddne direct
depositio

t heref ore wit hout Th& HYeneprs akhipyle redundotbaitp the htrhstemepthio®

substrateg r§§H£E§at8 nuyh a8pbsi cGIN coyst al gHkhbi el hal o 1%%6&%‘@'
processes ilflter dfatures have been j_ obtained,,K the growh be

cont i nuedf® Pﬂgfl BRPEE bR Bl e iace Whiah alirs‘y unti |

i coal escénselﬁf tﬂmd]rcs&eairdsbyTheﬂﬁeﬁmI aca&nrea&djnrgr ng ddesethe gal escence

of i sl and?ag%g FF&' cra(i_sta sp#%ri&é ta .t ayer

own
het er oepi on sapp ium ni tr| &podf iﬁ i 8Y&eneral | v
carried oU%rFHai- éeépst—ﬁrrerer st st ep, at a tenperature of approximately

600C for the depoghbi (bdlcénddf 8 LaY¥Br ;5 glrﬁg{aél\,hb e eat ures
W errerlﬂe% then at a hi rc_lhe(r t emperature 1 pr oxi mat eP skl f%ot 00C) for

the growt A eatmetifer FFHH’F§ar 0t St gR sluﬂcc,‘b’r’aﬁ@etdaaf@ecgrﬁd
enmbodi menéxcéhbentivgaal dayi. rel ates to a pr ocess characterized in that the

i dielectric |ay S SO e tures and to expose t he
facing regions or?{‘ltllélelg&’ tlt‘?:(rlé)tne ré"f I;:gal 5 rﬁa Aei PHAFHWNLARder

epi t axi al prlepaosing on gn cpidias gnk mammmmmﬁﬂmﬂ ([st,rate so as
to induce_the. dep I th ci ng
regi ons a%oﬁ ﬁ'g'% ﬁ?é‘?ﬂtﬂ‘gp‘r o anhjst}'é{?e Féécqr?%\l ﬁg} H)T;‘g r]?rgg Pt 'ﬁra&? t he
| at er a! gmnn/vrdfgrdwpglggaﬂmm nrﬁmﬂajdumd ertpomldeprr:rgmg&mfastm enbhanaen off eat ur es.
Accor di nglafe?alagrgmhr Qlitﬁqp@p@cﬁ?@‘rédikgﬁegﬂow{ﬁ%w A8 masked substrate under

vapor phase epitaxial deposition conditions so as to induce the deposition of

gallium nitride features and an anisotropic and lateral growth of said features, the

lateral growth being continued until coalescence of the various features.

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,, LiGa0O, and
MgAl,04. The substrate is preferably treated beforehand
by nitriding.

Preferably, the dielectric is of the Si,N, type,
especially SiiNg. 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

@ Imnitride on the substrate. Thus, the GaN growth, which
t akes pl acCe Iatera 'y in the [1010] directions on a dielectric surface, and



relates to a process for producing an epitaxial |ayer 17 APRIAPRIDO08 of
galliumnitride (GaN), conprising the deposition of a thin galliumnitride
'l ayer on a substrate j characterized in that: - a dielectric layer is
deposited on said thin galliumnitride |ayer; - the dielectric layer is
etched so as to define apertures and to expose those regions of said thin
gal I'i um ni troflethaystomiicciplbaee them - galliumnitride is regrown under

epi taxi al depositionyegRdi tLionsaflai he SRy E Jd YeAEOWUbLIBSkEd I3 and
etched substrate so as to induce the deposition of gal liumnitride features
Lhrg

on the faci n§2FE§EINLEHndUSABIarPEBPE opiReBHRY afep FovRh 3 1emas
vari ous feat g Hne Prarone oy dng o L he L heent on s mar everthy in
that it |im'P§CFﬂ§°88ﬁsﬁQ’§/°‘6~°r %@F@ctéﬂgeﬁ%“gt gasg9thé°Bar‘i%?le?ymi§’rratch
bet ween GaN &hd themsldast fabéursisngon netlwodisyhi hicbonithaes thegs fiozed
epitaxy, of oYt BuAN GOLASRY MLcLALELALaRi QM Nor EREDY 14 MYdAP bl

epi taxial strarns. ﬁ%e process acc%é I'ng ?o the I nvehtion né?gg I use of
deposi tion ah€set cthary fdeitni gueduged| Jnowhe odinese depostiont 9L art .

tAﬁcolr( di ng Fog%ilfiﬁﬁfﬁg@;‘iﬁ%o?ﬁ{rﬁiﬁe msfhﬁgtﬁf&nl%éfi@h@sfeﬁgaaﬁﬁﬁebﬁb?ﬁm ]

i ckness i s deposi i i.n ro chanber . .phot ql i t hogr aphy,

i apertures ‘e{%&aeFPE&& r‘-’r]r"“f:f‘f'e(at‘]ﬂ'géﬁ"?(,ltqrylr cHt ayRT, Pﬁiggll &égﬁﬁ: Hrgs on 2P

mcronetric aeglisissafridiessufhaes odndhelsutsiornd ewiRbguowtheomg t He masked

and et ched 58@%1’:5.?&31' SrBEEEg‘éﬁaﬂ# Ugliee OMYEE. s‘algﬁhi'f%“ sabgegareral ly
€S5S 0 undr e c in"parti

has a thickn a few rometers n cul ar, approximately
| 200 mi cr oneesndisandn mejache kbabsen fGaln chawsgadupquaddhyi sthary &he

sapphire, ZnG@sufit SigroddMO2, Lixgal andaWuAlz845cuPEST ey, Heen
dielectric is, of .the Si XNY type, I espemallé/ Si 3N4. _Si 02 may al sqQ be
ment i oned, boPtatRed. tll")’eAI%Ipq_""tiDOZ‘aY be Continued, either using

OMVPE or HVPE. Growth takes place laterally, until
coalescence of the islands. These surfaces resulting
from the coalescence of islands exhibit crystal quality
superior to the layers grown heteroepitaxially on
sapphire.

The gallium nitride deposition 1is generally
carried out in two steps. A first step, at a
temperature of approximately 600°C for the deposition
of a buffer layer, 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, the invention
relates to a process 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 1lateral
growth .0of said features, the lateral 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



6 wel |l -known dielectrics could be used. The dielectric is depagi AeriLi podzhe
gal liumnitride growh chanber fromsilane and anmonia directly on the
substrate, as described above. According to the third enbodi nent, the
galliumnitride is firstly grown epitaxially on the substrate by OWPE. The
deposition of a dielectric a few nanonmet@rs in thickness is then carried
out ihn tjhel grd)ﬁ/\tgbal:hﬁlmﬁiehlthle&b (Imamhotcgﬂ,d@fm;@hyheaa@bb@;ﬁgﬁafQ)gjfafi ned
in the die ectrl s €expos m cronetric regions of .the ium
nitride surfat (i:hll-‘\% g\ﬁr}ﬁ 51t hBt gﬁ??&xi altfYehr oWt ke FURRF

substrate is dmna@bmedlamgmeE The substrate generally has a
thickness of a ' few hupdaed; BLeroRRhala.l 11k PRAGLHLES  ofPR: 204 Mgl y_200
m cronmeters) and may be chosen tromt group consi's of sapphl re, Zno,
6H Si C, Li Al clliubor thifaplemmxy . Preferably, the d| electric is of the

Si XNy type, espeCI al ly SIna\V4qiei@e iy atagebe mentéiopeda by ofdereo
wel | - known di ctrics cgg%%gbe ed. The |electr|c is deposited in_the
r af‘t"f)

gal I'i um ni t ritE oweReE nfP: SMoif BRASEmMAGAIOH r 8t Is;fné?ter
the gal |i um riktim dﬁﬂﬂp@lmmdeThhaﬁmmmmffadfm thehectric is in
particular carried out ol phy [ ures,, .Qr.
apertures in the form Op&g!{irﬁlﬁh Aigfr)gé%eps ge§9. ﬁ}e SI %%or‘taprt]i l(f"el | ayer,
t hus exposi nglanas igaiqn U-Fﬁftﬂ]ttﬁ‘mﬁ sem f elee empitakiadlwt grown, fmahml The

apertures ar e efdrdd YsiB8tate PSbY 88N %o esiitta! tie anﬁoeflttt%awa'
shape. Advant ggo.usl y,.the_di gcr ete apertures are inscribed in circle of

radius | of ML PaeF e r bRRbRFeS RRetbs faringeregiers| ﬁnfihé'—hfeorm of
stripes have ammodixh:mfc | @84 tlharertl) ngeoebht &5, shid |ﬁé@&th\r@£ t hest ri pes

b I b h
e regul ar  and i S 'o%%f? ST TR Wi aEBEb PR oPEoRRt by

ani sotropic muoeﬁerf@tatgxrmﬂh 17 APRIL 2002 7 In general, the port| on
of exposed area of sufylr ﬁ)&arss‘)f g@é&fm%' teddeche ttﬁvgg%% arqg of the
substrate i s between 80Q~, preferab et ween i 't ha

been found tl?é’tteg’éﬁqqh@(m ét‘or?%‘aabr elfotl H@p’é’%l e oﬁetlﬁbtldl Qecdeifectsd that

in other mr@%netﬂat%de&@h&shédlgﬁﬁﬁéﬂé:r siif érgectal bovwdeh heasiabhumnat ons to
concentrate an thea%pertures Next on_t he, subst &ate i,S carrl ed

W
out i using CMAEZFRSguINE ’tgeat%ré%e%tto glr‘glﬂhg defFgpnes  localized

epitaxy, growth anisotropy and lateral growth, thereby
limiting the epitaxial strains.

The process according to the invention makes
use of deposition and etching technigques 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, ZnO, 6H-SiC, LiAlO,, LiGa0O, and
MgaAl,0,.

Preferably, the dielectric is of the SiuN, type,

especially Si3Ny. SiO; may also be mentioned, but other



Exami nation in a high-resolution el ectron nicroscope shows thaf ARRELGHQ2

di sl ocation density in the regular features or islands, which has therefore
+grown without heteroepitaxial strains, is very nuch less, in the case of
the third variant, than that existing i%the first I GaN | ayer. Thus, the
GaN growt h, which takes place laterally in the [1010] directions on a

di el ectric swelleknownddikéeetoieswiconddt Heeiugpd n Bpt t@dke¢béctreiat ignship
wi th the sapahhre; sUBSHA! enel ot 1k NnIUEH dRCldLowRNCHNHA  Brghi LY
than the usual” I processes. After obtaining an array of regular | features,
the growt h naglaeecopanfnuagmogighe digpctiPE Bt yhHYPRIPSEra8ecar #Fed out
| ateral |y, ugtkbr¢Bahespsgee of the islands. These surfaces resulting from
t he coal escence of islands.exhibit superior, crystal ality to e | ayers
grown het er oepi t axi af‘F?oﬁalggpﬁl‘ﬁ ride Th 1ﬁ‘3v§f‘¥’5?d§1¥‘ @ ptr%eceg i?ﬁ}éﬁnef ore
consi sts in nstpgdehd sgrpintdt byi gebwap\epitaxichicky | ahertdle gsobshragei ng as
far as coal egceng P%nd us i@e (Féi'a{ﬂ}rgg 8gCo ti UL I A n-%re oGaN

| ayer. The |ateral "growth akes% ace fromgal lumnitride .| Teatures or

i sl ands havi ngneedtiesd ditedthigdmsisy eds sthanf ecaxreed bty dbt akhed by
local i zed epgigu¥n ASkfhsdeng tl\ﬂexft.V?b&@nbhotbiiéﬁbbéébﬁ!y,reﬂ%@%bréé
carried out using undog d jgg‘gl liumnjtride. ,ACCﬁI’dI ng to, another variant,
the epitaxi affRediotPeds tr sy leStrd galP¥§hr ni FRMGe 8¥BRE Pt h a
dopant choseniéromethetcgregphonsnsifstheggallltium hitARREel s2@F2d®.magnesi um

zinc, cadm um beryl]] | ¢l d rl_lggg, eci Yy Wt g ium
This is because it hgéagé‘é'%ﬁf Qdutyngkﬁﬁgte%tqhe oap%. g g*%flﬂl?n%&nﬁrgﬁé wth a
dopi ng agent etebpdcéubsyratgnasi garriedi PuEdusiagGOMVEoW h node and

resulted in a relati¥gel NGIRASSLD %;Eﬁe%ﬂ K& € ol Neibferd 94 1 4di pecti ons
Wi th respect to the gromh rate in the [0001] direction. Preferabl x,y t he
11

dopant/ Ga nofgy twndFed PiezPBetersn Oian@arédsulaghapPredimpte

aﬁvant ageouslbaol Qﬁﬁcfdrs]ta@t&ra) A&Gawr il e ardldien advant ?gneus%yaﬁbant :
the epitaxial regrowh is carri.ed out_in t teps. .Fi.rstly,. ope

gal i um ni t r F8BS; §taﬂgo§i%t SRR e%%@'edggi"gﬁga F‘il@dgﬁ’wx‘[lﬁ%g”t gf‘gkness
of the orderMghAlyde angstrom under vertical growth anisotropy conditions,
and then gallium nitpideceaptliuehc! 8;8cAeRass od Jen e i RSChgBeol a
dopant in order to favor the Tateral growth resulting in coal éscence of the
features. ThespPagéativnSitNe reiQa a2¥ c2lse B mentdionedyr R gaFhetim
nitride | ayeg81ichasaat gikledtirickhabulldl hry weads berabtai sescbyidhesabove
process. | Advant age{gus.l , hhese l.ayers hgve a def ect. densi of _| ess than
t hose obt ai nBEPPH* tFi p‘rqyoF grt92 i BT PSS TR a M%t Erom

109cm 2. Presgiabéyandheampotbxi dirkaydy hefter t hhekgedd iunofnbetwden 1 and
1000 n‘icrome&gégsgggogpti onally in' that it is self-supported after the
substrate has been separated. The invention finds particularly advantageous
application in the pTgau@fthﬁn@f ofi dehe | dsetscpravi ded Wi theahiepiasxi al

gal l'ium ni trigderiagesudesgr pREHolithography.

Discrete apertures, or apertures in the form of

stripes, are defined in the silicon nitride layer, thus
exposing the gallium nitride surface on a 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 1less 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.

|



above. i Several enbodinents of the process according to the i neAPREnZ2(93 |
now be described in relation wwth i Figures 1 and 8 and the exanples. -
Figure 1 is a schematic cross-sectional view of a galliumnitride |ayer
according to the invention. - Figure 2 i,z a phot ograph show ng regul ar
pyram dal i features formed during the |0calized epitaxy using | 17 APRIL
2002 9 undoped gal | i dm ngenedal, whehet heorapiohures igxgdwedli elreGl rioF are

di screte ape - Fl,gu 1S @, Sect | | vie erpendi.cul ar _to the
[1120] di rec%%ﬂgﬁeg? s Idolga{)_?zg;c‘ia{ lzlaqfnlfufrin%??rafadeéci \r/\%lﬁ%ataé’&aﬁex%’é%?lapft

pyrani d. - FFB8r ubsépake tie haktvaenoh amdNMBO¥B pneférablvebetweenm as a
function of shgngreogh time in mn. WI, WH and H are defined in Figure 3. -
Figure 5 shows the variation in th ‘g{ wh rates nornmalized to the nolar
flux of TMGA in the ?Bog’ﬁs aHSQEm‘% Cgi Feati grlbium AEABS HEDf noke My/ Ga
mol ar ratio depoaétedpem pthesedielkicguie Grd 8habot agr apthed {(Begebserved
pyram ds obt g hed al j L.t axi eqrowt h,wit nesi um doped GaN.
Figure 6 shoggﬂtgheggﬁi\}gﬁt agégggggkﬁgctggf%?%g nﬁgﬂiggﬁgmnggﬁangaglill"ﬁ‘e GaN
growt h node #EORHakC| FORFPBIEaEBalPBs tbrcapel turesf.eat ures to be obt ai ned

nuch more rapi diy, reeut| i Ragrbudie dior Ll alnSkracs! Y kdrefegoBhENUOUS
galliumnitride | ay§r gn epitaxial relationship. - Figure I's a photograph
of the pyranias™Sbt QITHER - dufrAgGrowdiPatiesnsi r@t&%ﬂ%ﬂcﬁanéﬁ’ée@)s)mn
transmi ssi orEwdreinaoioni cioseophigh-egenetdors alphetedr arfcPbstbge
pyram ds obtained dyting o&%ﬁ rdi to a %\ﬁ 9, i.n scannin
el ectron microscopy. Exarr}%{e ; g%gsolcﬁ%gr?nof %‘rﬁgg obgd tg%fl I?ﬁ%‘?‘ngﬁi de
| ayer A sui t%‘b@‘é‘lWFPEallSrlé’a@Sor wpetlat hag sheatefospheyiovupresshoaei s used
for the OrCareteddi€aVaRorsERasasiPltattry Akt A | Ul WAL dE L aver 2
having a thickness of .2 ~Imis deposited, by orGNonetdl |lTc vapor pﬁase
epi t axy at 0E*Gn GooMar hi B2y atat exis g ngna the ckivess of 200
p y . . . : ;
elm The galdaNnmlagence Thuky,i meh8y|gat| igreucHCalnaesh t PeKALt r9pgRe sour ce
i S anmoni a. thaod is de irhed i.n_many docunents. The experi nent al
condi tions g?gﬁggg%%$|6ﬁ%:t%e ?i%l%ﬁ directions on a dielectric
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 regular
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 using 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 variant, the epitaxial
regrowth is carried out using gallium nitride doped

with a dopant chosen from the group consisting of



17 APRIL 2002 10 The gaseous vehicle is a mixture of HZ and NZ7i APRIGuaP02
proportions (4 sl/mn.). The amonia is | introduced via a separate line (2
sl/mn.). After the first galliumnitride epilayer has been grown, a thin

| ayer of a silicon nitride film3 is depgsited as a mask for the subsequent
sel ective growth of galliumnitride using SiH4 and NH3 at a rate of 50 sccm
and 2 sl m reapaResiany. zincThe eddwiumn t kenylilssingn ntgloesampe and

observations ofirissss <83k AlsySRAH NahahOg; GRS ALAI nedytorLis an

anor phous conti nuous | ayer having a thi ckness of appf o TraPSFFUSenmt si nce -
the stoichi orR§ yPeent frand; thakadheotdominarefl, gahéiumr miSirNds Iwitte used

5L oi Chi OBt 1y Correaonget 8 i e G um, mSGERRel the RN |
this SiN | aye‘r’rmp“r’%*\‘/e'g"a‘a BBgarﬁéPiéé’—glA Jisdt kRl vRskncrhaset dm e s t hen

carried out, diowtiot ohiehdgr aphy and Irleacdivect 98nst (i), ré8paEdered o
expose hexag r 4. Cl:tC ri y a.10 [tmdiameter circle. ,
The di stance get V\gg%%:ﬁee%ae%? erlg1 g&%y\égggﬁgce%tr%% }ur edTGF e Wask i s
15 Vim The €719 adPapnEégromcH agn rakiexpssaremter unhant i dendegiedns 5 in
order to depatidn gt ldianidd ide ddvhHddesh oW Ak éﬁge(pjﬁns et ched

ard ga

under conditions simlar to those used foor the ' stan alliumnitride
growth, apart from t S 19 obPr aPether; eduantagapus warbamt. vathee

(typically lérE tarladlnmregrfavtt hiss edqerisetr il hwadargss gal | i um nitri de)
so as to avoid high g at resylti fromthe,yvery effective

col l ection near the %;l%%ij’S_g?d?ﬁgagaﬁaﬁr}i t BAET ﬁ‘éodrﬁ eFPReSik€Ssur f ace
of the , masken Thee| ataleteddipleakyiceweal withgraowthickhes¥c of @alel i um

nitride 6 inga i } i I t] tQ the space in
blet wleen twlo aper %?ﬁep;jdrlleﬂl% dit%l?dc:xrrl\'?“‘!ri\%&l%c %ﬁ%?‘g%ioﬁg‘g‘?kf‘i g“&ﬁ?«gfgé’éﬂ !
even for |ar (‘j’gr’é’tdi&oﬁ’&s Amens gelhiympaidgrideaidednt haneshaaqubkeat i on

and the growtdepolsiGaN dercuwit JRtedriael f id) ddEaPerd UEges- Eocg%%’)guent ly,
the i maskedt?rﬁeaiagg aye as cgﬂcent rlﬁf ors, directing the m ~RZL Z2o00a 11
atons toward the apertaresd  THERgriowiiir rHi®s ot e SRBASSCERCS t REr Ehesitu by
| aser refl ecfemsurgs.or thereafter by scanning el ectron nicroscopy (SEM on

drop views or sectioppe H 2.1 S tograph,show ng the
devel opnent of the gyr ani dﬂs}%%]g?fr‘ eagg?sggélgekg slooégl t\ﬁeem?%%e?)’éﬁﬁﬂﬁl ar to
the (112 0] HFPWBti9RAlbiun |pterided lavansoat charasseagard g¢al | thatnitride

pyram d. W, tilyandchndeppad osbtagntdn® by ARLS thg?lgpgl e ?;_e(r)g\@gg (0001)
and (1011) dg&i ni ng t he Ianeii VWHO is the width of the apertures ih the
Si N nask. vantageously, these layers have a defect density of

less than those obtained in the prior art, especially
less than approximately 10°cm™.

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 finds particularly advantageous
application in the production of diode lasers provided
with an epitaxial gallium nitride layer described
above.

Several embodiments of the process according to
the invention will now be described in relation with
Figures 1 and 8 and the examples.

Figure 1 is a schematic cross-sectional view of a

gallium nitride layer according to the invention.

Figure 2 is a photograph showing regular pyramidal
features formed during the localized epitaxy using



Figure 4 shows the variation in the WI, WH and H val ues i n ~tlih &RRI5 2002
function of the growh tinme in mn, i Using |inear regressions through the
"experinmental ~I points, the following results are obtained: ', - 2 .1 [~mh
( lateral rate in the [ 101 1 ] dlrectlgn) V~ =13 ).tmh (rate in the
[0001] direction); WBO = .6 [Im 62.1. Wwen WI - 0 at to (the
pyram d has wundeséd ofgaz‘lériouw diifty idehe wWheght thevapesteres |owertheat e,

gi ven by the dlé)ﬂf%%he ra Sd](%ﬁ.)e trﬁt M lrde noted that V-~ is extrenely

hi gh conpare neasured for standard | epi taxy on a
(0001) substT at e Ridure t heisame sggfdonsaselewnpesPendhcutarséguathey, the

VR/'V~ ratio tﬁ@ahy ARt el e 0. 35. 1Bc@plAd: §8Posihi Ohidride
gaseous phase of Iayer of g liumnjtride to which magnesi um has been

added The ex{petRGR%R PyLaii%peat ed apart fromthe fact that 2.8
l'imol/min. of (NEIQ:@&}\@ 4 sshawrs admezhriattimvapcm,pha,sandme \tadnnbé. i ons

used are: growt | me _30 r te ur 8 ~t.nmol / m n.
and Nz, Hz arfd a3 aI/f‘m& Org (ggﬁzﬂhof %“ﬂ’lh lu%)egg ovvs t ‘k’f he

presence of am@riésamndeﬁ_mﬁ@ﬂm Pgpxre B i ncreases the VR V- ratlo wel |

above the cos (9®1Q§J¥@S§Ols%oa@d SeaHeat iynt he (&Q_OléngQEﬁr A&l
broadens. The selectivity of the_growh is not affected t he presence of

( MeCp) ZMy, Hmn’t‘?ﬂelﬁ%mf‘lﬁ 'éh?s@f’ﬂﬁﬁy £laxy Qfamt e otR | 'g'rhﬁod'oploéd FBdnpl e 3:
| nfl uence of<1de1My/Gardadiddng akko &i Qreti AN0WE t tike vaNg Aba Oind Iaxt he
growm h i rates_normal.i.zed to(#] TMGA molar flux in the [0001] i and [1011]

directi ons &% ?thr(':t"_r}b P ep%?\?gﬁ%a nolar ratio in the vapor phase. In
practice, i t was Bimsen 6 oikeep phatowtamit df ukhef ocbheEyrdMpyaradniids vary

t he anount a{r\]ﬁ&dThl nakfgcahpggy bgﬁlgg.ﬂgmsur geb%g,tihhe Wiy abl e

concentratlon (0] surtace he_ gr owt Islands is irdentical tor all the

speci mens. pesit ﬁ’aiNs C%:Fﬁ‘llﬁq” & Fhavar | Shey advandasiaausf
gal I'i um Supr&f@ébttbe @h@w&&ag@sqwr&omﬂaw%é G4 dgFolv@hC i € them

in that it allows coalescence of the features to be
obtained much 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 S, in
transmission electron microscopy.

- Figure 8 is a photograph of the pyramids obtained
during growth according to Example 5, in scanning

electron microscopy.

Example 1: Deposition of an undoped gallium nitride

layer

A suitable vertical reactor operating at
atmospheric pressure 1is used for the OrGaNometallic
Vapor Phase Epitaxy. A thin gallium nitride layer 2
having a thickness of 2 pm is deposited, by
orGaNometallic vapor phase epitaxy at 1080°C on a
(0001) sapphire substrate 1 having a thickness of
200 um. 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:



VN~ rapidly decreases from0.8 to 0.1 [tm h/~nol, while VNR i AérdEs?®%om
O. i6to0. 4 ~mMh/~znol when the | My/Ga nolar ratio varies fromO to
'0.17. The dotted line is the curve of the VR/'V~ rati o obtained by

extrapol ation. The y-axis on the right i% VR/' V~. This curve shows that the
i ncorporation of My allows the pyram daI1 structure to be easily controlled
by nodi fyi ng the grofble gasesusopehitiies isugydeixturgtofigiacanrd g an
surfactant, gfi Ng hhe RIS | on PfsPakdh UM on &he { 1@kdbnfiaces faut,
conversely, %r@léventi ng i't on the (0(0018) ?{"ﬂces{n Exanpl e 4: T\/\S—lstep .

deposi ti on ofinkrgdurednvipt & gerri@gde Hiing 142 $HE M okcess according to the
‘ invgnti on is carri gFAQHi'&arUSi:HQ Q‘.]Eiirts?éd glalnegmovheunder k@@ﬂagyeﬂg hasd
conditions c arable to _those Exanple 1..An Si N opsk .s osj ted on a
GaN | ayer degggflt 85%’8?0%%2’&&‘ ﬁ‘r?yeﬁf er%%t%x“f’bflﬁﬁﬂngf’ fhIg 5&?‘?’%3 €% eact or
on a cryst al Hepatsitedsalsstar atasks Usdr ashe¢ subFedPRhL 2ed2ctd veagptowth

Li near apert yres o N i edtigand sSRaced apahPYnR, NQar § tpggerrqpp]e in
the mask in g?de é%% exp(?se tlhe reS?o%Ls:. o% ?hg subf]g%:ent | ayer. The |inear
apertures ar 80a8¢sRt ag€ods Sy Mor FEFPEFHIYal¥e GaN [1010] direction, although

the variant of the prpeess desecicked in tRiranexd@Eyioncan baieRidsutnd ¥
carried out for other, orientations of th%.l i near .a ertg{ars, ?}SfEeCi ally in
the GaN [1l ZOgFeHiVF‘E(‘:PPSn. O o CLBPEax FEL FHOF oWt &N e F5UL THITK he
exposed regi obsainetd fromisenanoradrptdopedecGatlinndes dperaat | hgvdngdia | ons
such that th [ rate gn t : Lyecti theﬁp eat
sufficientl y%gggg\é%gst he ?girEOWt ﬁ%x?%?#}a?%%ﬁdi rg%t%h norma éto tlrgaﬁéS
inclined flafkgichismegrvestfureBisudddm strn peoldinsamrredhethfi $etmopy of
the growth regnl tei1in bhe yicsPPPSAr ¥hee Pésthef 0091s LpeRlifilhe ifdd St

i npl enent ati on steg gf t he pr.ocess is conpleted V\:hﬁn the (Q0Q1) facet of
the GaN f eat NP¥eRSBedrSSppeartdd. ACTMR enthdF t hEbRirsf TOMGEIALN
features arecobbrebpohdemtef thest$idy, tidren .Ccribshowghi erteobmafiychthin,
triangul ar. wever o it J i t optin first step untjl

coal escence lf’hglgal:\ll ee%t %3’3’3’,6% ﬁzoo%’_ergt%e%gﬁ%FEYefﬁiFg%&‘/’%r “}ahsé{'rrask.
In this caseTheheetorluigwy sdst i drenf calrricshl evted tal phbseldtbographyzi gzag
line. The secaRd /SLeR iGRNSicH SeOénihg, CRN! Bty 1EYT O¥EBsW HadeRek1GaN,
especially w??lﬁ magnesli urrdppedeGaN,lggcordi ng tor Exa #e) % or 3, on the GaN
features cre8PEYtHReEh fTEEFUBSEpiPee RYD #hd letfeciidreter r GddG1lSy t he.
dopant, the ghew Aiamaselkr OpetweatONdild Vecdwtranasfzativon afdjkeneaN
features. The faget C r.eapgpear s a]'g 1;he1 oglg‘of ach o{ t he N feat yres
obtai ned i n PREFIFEE g "DIPRy tRi & s&fond &t epP PR 35pEFIEN Yhat ur es
devel op wit hoan thepassponedf gelld ifuaceniCradd, mayidies chHntimargyderr éguct i on
in the area gbphBgef bé‘i‘ﬁumﬁ%‘it%%‘&%nfhﬁ&&ﬁeé h&uPr 8 CEReCpUdiidhd O the

exanpl e is conpl eted flanks have _di sappeared, th pper surface of

en the_f the u f
the deposit PbFhed mpdere tRREEStRYS dFiRdleaN §eathree turad bE‘Pﬁg they 7
APRIh 2002 1épahaa_eadﬁm1j{)mg eﬁgﬂﬁ:&ﬂieOrlg,lﬁ&wthﬁ Td/[s%rr&i eﬁrﬁfnocwé gery di ng
to the invention as desc ed .aboye results n the o a i.n e
fornati on of EEOBI §r"i’é:e(3al\]£'#'é§/etl,s V\%Pé?‘lgcgﬁ tafﬁelc'té’f”'&t’:e ‘éagf‘\‘/% ggﬁ@&ﬁ strate
for the subs@qupmoldeposi tficon, thy epipexindntegwanhh,uredopedegiadd ium
structure, eﬁEEfESL-B Y & dhQdec b asefo s 1 H‘iéﬂr e?r&k){:}tlr SSHldsS. r%’},utﬂ&]%‘rz{,her
hand, in a highly -"i advantageous I nprovénent In the crystal quali of
said ' subst Exe®. the svery beéfigsbiviee dalilectforr peasl tdef exegionst e

subj acent Gadll ayr fAPPAGA! @odnd: t BRCBRAELM BgMBdee | BuldFadmmsks weidically
into the undoged GaN feature created in the fiyst step. However, it seens

that these |PASE- of PlefQERLIBECHRIEF VeI HRI Y 2 hErPWihsEabRd Vst &f
devoted to theltitpmsiditonidd & depedeaN {odEBEY ukHTectHiion r @sulcalily | i nes

of defiect s Bl ehoPLEBAIR! ol nd! LESEL0TR RIS 4 HipAilase of the
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



Because of the nodification of the direction of propagation ofl1t AeRHef28@% s,
t he upper surface fornmed by the coal escence of the GaN features is
*virtually free of energing defects in regions conpatible with the size of
el ectroni c devices, such as GaN di ode | asers. Exanple 5: Deposition of a
galliumnitrite layer directly on a subbBirate masked by a dielectric I This
exanple illu e t i L. possible to obtain spontaneous
formation ofg%érﬁ%iﬁ?n‘garlu r?@g %gé%gggégbr islands on a substrate by a

treat nent consistindthe govowthngathre ayesmegsargd leidhfre|igetsitty by
especial |y sjli&pn 8Fibdemetil M BROSBNFHES by SSQnd 118y 06 08&t Pbn 1
angstrom Advant ageousl this thod pakes it possible to avoid having to
use ex situ BIEFPFELRY i/%%Mhaan‘g’&OExﬁéﬁ!’Fv@rt 8efktgBEs such as

phot ol i t hography andridnerécad eishiag. FEMUIpladtegeph axshdéwimow theeact or
is used for éhe fr GaNonet gl #h vaﬁor .ghase epitaxy. Explicitly, a
substrate, eSpEEHATS 00017 SaBPhPFE“Chemically = 17 APRIL 2002 15

prepar ed bef or ehand Bigwegr dasimgaameqsiickiangviewaperpstiiayd appstaci d

sol uti on, | Nt St 110 6. i Jaeatiofh tooF a 4 enpakalibedol apphoxiemgely
1050-1080C in order to be_nitrided by exposure to a stream of NH3 for

appr oxi mat el BeX@geRdbit gé.]-lAf-lf“ernltq‘ﬁ’s‘%/%i?YFﬂ’i“h@-stwep,Wa eBfly } {lePend m of
silicon nitrédle dife f eimed en the s$uriclee cindle Behsiceat e(obbe)fiamdbei ng

obt ai ned by {on tween NH3 and silane, SiH4 at, a tenperature_of 1080C
for atine spgﬂ:i néiuegfﬁlrf%ngﬂ A t%ieja?%lstk &8s 16 h%% f“l”lrgr@f o#ha‘fh%f one
atom c pl aneapdhteuoper & i bgec8iMimasks are the fol | owi ng: The gaseous
vehicle is a m xtur Lt jog n y ‘] POt i 4
sl/Mn.). The | am*rgfr‘l?%u?é fint’?ga’%cgagwgt%%ggﬁflioglwq?g?gegfﬁéog?/%.ﬁMi |l e
the silane, Y3L@esolith #M f@t §UBOtpphm iaf HRR ogeAwths tifer dducBinwi th a
flow rate ofySlhgcciihBarUndaigrhdisior®ndthi-eigh t e ypegodr MEnead Si H4
reaction time js of the rgﬁé of 30 seconds. ThﬁFsucc ssive steps are

moni t or ed byPPHRETF r"e]?‘Feg? Y9 (ERFULHE PFEN8RFELPEH el ect ron ni croscopy
( TEM) . After the W ekectr.ilc pmdher (laseradn carge etiel y tfher nefd, 0 b1}

conti nuous g&ilé &l'k)t_rite | ayer having a thickness of 20 to 30 nmis
deposited on He“arerettric | film The deposition of the GaN |l ayer is made
at a | ow t enper at ur Ve 6f hhdimhelrasie ggothens t@0khdigegsienbn of the GaN
| ayer has been conplgfed, 7.6 pum;anneal ed at a high tenperature of the order
of 1080C. Under the orlbi#;e Lffect of the tenperature rise, of the
presence in the gasetus véhitle of a sufficient anbunt of hydrogen and of

t he presence of the wiesry twhi 5= do ehectty c(tihé nppeanadh lidxe &aleakyesf the
nmor phol ogy of i ds | ayer oes i f] ' | t] rom
sol i d- phase zr%%?y‘g%% 2a¥[ﬁ%nﬁggsﬁgs§ o g%%%gg% '?: . ngwﬁqﬁegﬁe%%peé%ée

appr oaches lasoche | foxmola dViecqmt@ed -t hat the reflectivity of the buffer
l'ayer suddenly i decieasgsi1 ThR i Abtkal | ¥ngentvhugys buEfehelgyeridis | then

converted into a discontjnuous |ayer formed from
compared with the rate of 1 pum/h measured for standard

epitaxy on a (0001) substrate using the same vapor
phase composition. Consequently, the Vig/Vc 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 pmol/min. of (MeCp)oMg 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



17 ‘APRIL 2002 is galliumnitride islands. At the end of this gpaHranemes i n
situ recrystallization process, GaN features or islands of very good
‘crystal quality are obtained, these retaining an epitaxial relationship
with the substrate by virtue of the verX smal | thickness of the dielectric
| ayer. The GaN features or islands" are £sol ated from one anot her by

regi ons or thacgeaksestrithd ay@/vics ratdd The haslasteri shec heiglzs of the

i sl ands are t rder f 2400 angs The vat bt with a
transni ssi on%‘f‘&éﬁ?g %oscope S tltyhattl}{ Fés?qs(gfr?ds ‘%‘gﬁ%?t o§{iggg t he
shape of trubreaddngyr aﬁmed§e(llécgu:vat?) offFithe a®wth aiscagni agfeceedr on

m croscope | pRgerQf -axei!dTRE Okt EEthdiNaRit QH?éaglf;féWtﬁOQHiébi%Bép%(hat are
nodi fied so a3 to |ncrease the dinmensions of the islands to mcrometric

val ues conpaigbPeventpgeeusdy medifdednds or features obtained in the
apertures of a mask (cf. Exanple 1) produced ex situ by photolithography.

During the sg:bse en e| Aol 6 . h h alllurp ni.tride on the
surface of a—@g‘giﬁeér erestr-e—where the |ayer of
the dielectric is baFedumeI | 5f uabowan tets€t h@mmkmcﬁ Bingutbel gndwthe GaN

features or &akaed%&ﬁmfa%ﬂeae 8! Yoy gﬁ‘r?lﬁefwﬁ %alagéleff?eblﬁhe GaN

features (cf ure | ocat e n the apertures ure 1)
whi ch are pra#dc Oéxlls@l;?-“‘?‘ﬁt%w ndg ka( EuncEigny @fl)th%@ﬁ(@tW?lthe GaN
features or kgkandinwichle dayelrophlyel.at er al and vertical growth. GaN | ayers
have t hus been obt ai t}ed %co.al escegce he GaNt tur es_ havi ng a def ect
density of the order v a?wc? ﬁ&&nlat ud8PFEBBL han
that of the dahectoef szMgn arige tgml*lranyn bher lad@ulnayerfs THMeduc®dissi ng
the convent! flRls™iB0%osdiPe b ! hoiald 2 &1% thge  BugegspiLhajghave
been described 1'n the above exanples, especia escrlblﬂg a

t wo- st ep var Fapcentration d?ntﬁbee)‘éu§ifti§eperce§ eogréb’@hl rigp kandsapdpt ur es
in a msk maydent ita1ARBL 239020k spdvanleageousl y be avoi ded and repl aced
with the in situ spontaneous for mat 1 on, descri bed qQf th i sl ands
or features, the conBPGRUSE tHRer FROSHY: r S arftPifr ’%‘S‘glr%‘?or]rlﬁ’@tar g
prerequi si teth@r anipuoy | 6 tdEel ad i sypphéﬂe & | gyewshf afateds b;{réhl S
process. 17 APR &zéglO%nV\Q% |rs %I pn'ﬁg 18 1. Process for producing an
epi taxi al | ay&F"6i Fum i ?‘8a corrprl Sing: depositing on a
substrate, a diel ect NNos ﬁ@gﬂe‘ily Ldmlrféﬁﬁeﬁg ficom a8 kto afellr g/ bhitmglgal | i um

nitride dopeathehvandpﬂwsaéggnhaﬁ 8N 18NAANAEI4 Qi / Al v&ié}Wt phyith
respect to vertical growh on the npasked substrate un er ?’I ghase

epi taxi al de§géfei drP dirF‘lt&Hs Q@F LS t §TPRdUL e Pnel dbbosiTiCondSFEGE | i um
nitride featuiae angd ashani satvepi ef ancthé at\wgy/al. gravdd o:ﬁbsaiﬂeaeabyr es,

the | at eral r%wt goligl ng pro%j‘ egxligt |Oh %%%I g,?%?l@cg o(, H;e vari ous

features. 2. "Proc or an epitaxial ~I'ayér of g%llllum nitride
(GaN) accor d| ng to clhim uwke eshovhe toaltstthe eihsorhosanibnomi hMagr oup

consi sting ofj3aRRhithe: HARQmidal structure to be easily controlled
by modifying the growth anisotropy. This suggests that

Mg acts as a surfactant, favoring the adsorption of
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 is deposited on a GaN layer
deposited beforehand in an epitaxial manner in a

suitable reactor on a crystallization substrate such as
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6H--Si C and Li Al 02. 3. Process for producing an epitaxial Iayle7r 0 gal?um ’|

nitride (GaN) according to claim1l, wherein the dielectric layer is a |ayer |
-of the SixNy type. 4. Process for producing an epitaxial layer of gallium
nitride (GaN) according to claim1, wherein the dielectric layer is an
atoni ¢ nonol ayer or a cover of the orde¥3of one atomic plane. 5. Process

ff)r prgdugl nélar\]ﬁéhﬁﬁt a>ﬂ1&iedxay]9bletaﬁ‘é|s| I gl tinm dgu(zgﬁ\l) a@achgaagdt 0 ]
claim urt her nprising: aft eposi ti,n e dielectric er, etching
the diel ect r?%a?%yg’ﬁ’ t% HiXLf PRE angei"l ‘B@é rftfgt %QEXSWA‘%E fodfc‘f%rg F8gi ons
of the substegbese anHewhmgdiongadti mmenlsubmcexstrégyewn Uriceer 1 épehaxi al
deposition conditions t e bstr S duce
the deposi ti 9o ure Ilgg?n %Iﬁ Hﬁggsg e%gg%qtt%& Tiac?%lhee fc’g%l\?o s&gh t he
ani sotropi c @xmle¢*ai@mal gridilrdnglt s&h& f caantent(6)of t h@hleat epuPCgsswt h

bei ng conti nged.+db fﬁal:ﬁ%ea&sme&et Ran'¥d Wt f MU EScary 1daABRLL 2002

19 I 6. Process of %o ucing an epitaxial_layer of gallitumnitride (GN)
accor di ng t of®F ai RERerconpFIERMREIRPosOE ngthfe &%e@&rlﬁp?‘é\}BFe(SS) on a
thin gal li uneghéeidElyagerthet cANngll p® 1dicEeeivion ] ayer to define !
apertures (4) and t eXPQ; t has re 5). of th| alliumnitride |
| ayer which face th(ca)T %rtgdcﬁ'(?\;ﬁ\i nggaa?wlt‘{l}mlnslot F;%% unde(;)1ug naxﬁif3 |
deposi tion ce:mlmﬂ@ns:&smqrm wpthaxwainyeyt bonal s @P%dG@ﬁ\bheddsubst rate
S0 as to 'nd&g&ébﬁl&eeeaa&'t%n@.f Sl | eﬁae'thtmegegf&ﬁwr%ten frhetfléc' ng

regi ons and e anisotropi¢c and | ateral gro sal d regions g
| ateral growt 0%k ngdeﬁ'FFhEI@d @ft i Eh&oal enc@PireTe %‘éﬁfhﬁée}‘l gt{ures

7. Process f@kc@é@gluenaggmww tradtiedl inh ayRe @fi realciionmnvrmd decd Gaplk |
according to, cl (g \/\?ﬁ?elfn the_apertuctes are one of dﬁsgrete apertures |
and aper t ur e50¢ “f f of 18F5 st rPhes. 59 Pr ot 8IEF G - pr odliefhg afi EBitaxial |
| ayer of gald¢omditions dethiGabhiaotopgiyngft dhel ajrnwth wheseltnst e thecret e :
apertures ar ygo 91, Er OC r i ng epi | layer
e Fom n‘?%%flg%é%%é 98 %n€ F&éoif; PEQUEL NG #leeP! ERXLR

according to c erelnthe i screte
apertures aritmpherentrblon stEn c‘Pé dthe aBrESess | b%s compd et®@dyi wheno.

Process for predygoos aBaéEtt 8¥l ghel a®r fofatGald inya raiéa 4f84) Aecording
to claim?7, vvherelnté ures in the formof stri ave a Fﬂth of

| ess than 10hhe197dpPhe sk GRE ngtBR Gl £erLm Fasyé’rreof”ba Pum

nitride (GaNfomacosfli nagy tstrlpe, the cross section of which is

triangular. However, it is possible to continue the
first 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
line.

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 flanks :
have disappeared, the upper surface of the deposit i
formed by the coalesced doped-GaN features then being



claim6, wherein the apertures are one of discrete apertures and7apert Wwoo3
in the formof stripes. 12. Process for producing an epitaxial |ayer of
galliumnitride (GN) according to 17 APRIL 2002 20 claim 11, wherein the
di screte apertures are regul ar polygons._ 13. Process for producing an
epitaxial layer of galliumnitride (Gal\l)1 ccording to claim 12, wherein the
di screte aperplares. are inscribed in a circle of radius of less than 10 Vim

14. Process for produging | Lak layer of ;gal liymnitride (Ga
according to claim ;l{?ﬁahe?@?%% gé%g_g?burgg irtl_‘htgehe v}oérr%uo%g st ]fp%%s ave a
wi dt h of | esReeerAimy phe the Fpvtandsidrorapr degerabedn adpienaesul ager of

gal lium nitrigie k@Nna@CREAE! NEnt enel FoPmhe ibW s AN dg. 1 5L LT
depositing the dielectric_|I gy&%r, exposing a portion of the substrate,
wherein the d S8 t FBRTEEOLENSFRPEVE RS oG FHbELARLE JEOKI tHhe espect

to the total suleseqienthe defbsséiaien) s bet veeitdxbal Sfepeswen) . df. £rocess
for producin . epi ' er_o allJjumnitride (G according to
claim 1, V\hegieeﬁ%%ﬁetsgégggél rﬂor?slé)% %)?ﬂs%b?t rc(i;\Jtoeéj%r ﬁgf%aﬁtrliﬂﬁ?ﬁ Tide
with respect hur t hoesutlals .ar eanof the sobberat chamdpet visen & artdigfly

per cent . 17. RnaAssddis PLAUSTOReAR FRl LAK! dlyLRkar fpla1gdl) Igmdlig i de
(GN) according to claim1, wherein the doping agent conprises nmagnesi um
and the nagne%}gqﬁﬁﬁﬂ%' g5 uhF nPeFruEe; Eheedions OF iy skidkedpfects

epi t axi a: |?/ girromn?eaalﬁlbahmert smmd tLayer b&oﬁ%éga}.@wialr tareocatfé'fm%@@

epi taxi al |ayersof .gal lium nitride . cordi ta claim17, erein a
dopant | gal | i ﬁner%drﬁ)l al?l I’é.:HéO 7= he Végg%ﬁ‘ﬁié’e fge‘gregkf%r %H%?P?fi arfff ess
than or equalfeagure 19repredesn f bheprividiati ngtep . efHdvestieaat, | dyersadmsgal | i um
nitride (GaNepaCOEAREE ORI BY L adlile] NpLBERdORIG, AP R §REP dSES
magnesi um and the magnesi um doped gallium nltl’llae‘l S regrown on“the nasked,
and etched s@fstangd eStep. damiad For thedderagibhonpiafaxhalddngirGa

gal l'ium nitrifédeduzsad). acmorsli NnBet@lts17iAPRIENEQ0265Ff dQefects 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 virtually 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 &ngstrdm.
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



21.claim 19, wherein a dopant/galliumnolar ratio in the vapot?pf&k 3092
greater than 0 and | ess than or equal to 1. 21. Process for producing an
repitaxial layer of galliumnitride (GaN) according to claim1, wherein the
regrowing galliumnitride conprises dep03| ting under vapor phase epitaxial
conditions and the vapor phase epitaxi al> deposi tion conditions involve the

use of a cargi&hafes BRITNretand abPy & 3% 2rd Bies@sind oinpraguci ng
an epitaxial_ | ayer of galljjdg tr|de N% glC ordln tq clalr’QEZ% wherein
t he vapor p 1apPpBRY AC ‘E'f’o?f‘coh’ﬂl Fﬁ\% ve ithd! ft

carrier gas éutéiﬂpéréaﬁﬁél ﬁmga@mxrnmgﬁlwasosmslonmeﬁa foardepr odum ng an
epi t axi al er alllu n|tr| N) ccqrdi d clatm wh in
prior to re Dwi ?i gé‘?ﬁ unm A t rlxggsg‘(c);%ed \;%VI t% as{}g[plag"g a(?fentﬁ'ﬁi heﬁ!r;r]gsked
and et ched samsrmaimaUﬂbIEr d8eminugesnt mfu%grmﬁgnuhdbééaggaﬂﬂemm @itride.
24. Pr Ocessoxf,%%pr&ﬁ%' RY1AN &P (B iklon AYEErPEeOald i lﬁmrmehrlgﬁ )

according t wherein prior to regrow ng galliumnitride doped

with a dopi ngusERee, ofhethasRudstEpiteaxithe y LytBwPeIRte ePPhadrethdrY at e
under goes r egéadt ton re@twaen ONHNdaRE G PJidre WHHY tat de teaﬁ:exﬁmuzaeu@f doped
galliumnitr lay wheremotaned the pjogcess cqQne o_claim
1. 26. Optoe Jr(g@ ((é)l %8rcorrp lnn[é‘?]t p' r & u%ll?eg}: arjtzal“ﬁ};é)vf:g‘%dotw q%éé

epi taxi al | ayBrtioé Halhi ten phat | df aneoadomgCtDl@mal m 25. 27.

toel ectroni ¢ compapgtophrct than QBnaforBhLsieg endl PR Laser. 26

Epitaxial galliumnitride [ayer according to claim?2 ere| nit has a
t hi ckness of bet vveenTllev\maeﬁﬁ?ufOOY)ehlﬁl‘andﬁ n&t I‘f&txq“trq soSeprkaEPEeRromits

17 APRIL ZO%éUQWdﬁé@enZZHw eﬁ&pelgﬁ%ﬂmmwww/nmer ei nthbey are
provided with an Di t.axi al aé vﬂl,%' umpjtride acco gggﬁif cI a| m 28.
30. Opt oel ec"i"F‘B?l’H: colr?poﬁBﬁFO PeEfai Ac o sitAgCa

. AHL. A@ As2. v@}.‘sllﬂqutM Aaﬂfad@AmA@a AﬁmeA@xMtéde tA@FSOXQpﬁnASer

AR A "

99uwI (6}xsn|q§y%€?§a ?ca 85 82 carca ! ]fégrcé:]acae] cef] csoa]scca c ][%a] ca] ca]

ca] ca] ca] ca] Unden) c&]l@é@] csogpdtagpesa) c
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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 1is

then converted into a discontinuocus layer formed from
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Pégé‘g?rg 8 IV§1/$ }L$10 1: ﬂ?}‘)% 0 nd " %g‘m& ﬁ&@wﬁgpntanégu situ
& ()- Z7'@P%i@%§ﬂ@ﬁﬁ§ﬂ%@ﬁﬂ@%m 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 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 &ngstrdéms. The observation obtained with
a transmission electron microscope shows that the
islands tend to take the shape of truncated pyramids
(figure 7).

Figure 8 1is 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 nmask (cE. 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 islands 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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features and an anisotropic and lateral growth of said features, the lateral growth
being continued until coalescence of the various features.

2. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1 wherein the substrate is chosen from the group consisting of sapphire, ZnO,
6H--SiC and LiAIO,.

3. Process for producing an epitaxial layer of galium nitride (GaN) according to
claim 1, wherein the dielectric layer is a layer of the SikN, type.

4, Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1, wherein the dielectric layer is an atomic monolayer or a cover of the order

of one atomic plane.

5. Process for producing an epitaxial layer of gallium nitride (GaN) according to

claim 1, further comprising:

after depositing the dielectric layer, etching the dielectric layer to define apertures
and to expose the facing regions of the substrate, and

wherein 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 features
(6), the lateral growth being continued until coalescence of the various features.

BYBdEH4. 10! a0- 109&’ %) a+ 10%&' ()-
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regrowing gallium nitride 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.

7. Process for producing an epitaxial [ayer of gallium nitride (GaN) according to
claim 5, wherein the apertures are one of discrete apertures and apertures in the
form of stripes.

8. Process for producing an epitaxial layer of gallium nitride (GaN) according to

claim 7, wherein the discrete apertures are regular polygons.

9. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 7, wherein the discrete apertures are inscribed in a circle of radius of less than

10 um.

10. Process for producing an epitaxial layer of gallium nitride (GaN) according to

claim 7, wherein the apertures in the form of stripes have a width of less than 10um.
11. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 6, wherein the apertures are one of discrete apertures and apertures in the

form of stripes.

12. Process for producing an epitaxial layer of gallium nitride (GaN) according to
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13. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 12, wherein the discrete apertures are inscribed in a circle of radius of less
than 10 pm.

14. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 11, wherein the apertures in the form of stripes have a width of less than 10

um.

15. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1, further comprising, after depositing the dielectric layer, exposing a portion of
the substrate, wherein the exposed portion of substrate or of gallium nitride with
respect to the total area of the substrate is between 5 and 80 percent.

16. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1, wherein the exposed portion of substrate or of gallium nitride with respect to
the total area of the substrate is between 5 and 50 percent.

17. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1, wherein the doping agent comprises magnesium and the magnesium-
doped gallium nitride is regrown on the masked, epitaxially grown, and etched
substrate.

18. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 17, wherein a dopant/gallium molar ratio in the vapor phase is greater than 0

and less than or equal to 1.
19. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1, wherein the doping agent comprises magnesium and the magnesium-

doped gallium nitride is regrown on the masked, and etched substrate.

20. Process for producing an epitaxial layer of gallium nitride (GaN) according to
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claim 1, wherein the regrowing gallium nitride comprises depositing under vapor
phase epitaxial conditions and the vapor phase epitaxial deposition conditions
involve the use of a carrier gas comprising a hydrogen gas.

22. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 21, wherein the vapor phase epitaxial deposition conditions involve the use of
a carrier gas further comprising a nitrogen gas.

23. Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 1, wherein prior to regrowing gallium nitride doped with a doping agent, the
masked, and etched substrate undergoes regrowth, regrowing undoped gallium
nitride.

24, Process for producing an epitaxial layer of gallium nitride (GaN) according to
claim 23, wherein prior to regrowing gallium nitride doped with a doping agent, the
masked, epitaxially grown and etched substrate undergoes regrowth, regrowing

undoped gallium nitride.

25. Epitaxial doped gallium nitride layer, wherein obtained by the process

according to claim 1.

26. Optoelectronic component, wherein they are provided with an epitaxial layer
of gallium nitride according to claim 25.

27. Optoelectronic component of claim 26, comprising a diode laser.

28. Epitaxial gallium nitride layer according to claim 25, wherein it has a

thickness of between 1 um and 1000 um and in that it is separable from its
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29. Optoelectronic component, wherein they are provided with an epitaxial layer

of gallium nitride according to claim 28.

30. Optoelectronic component of claim 29, comprising a diode laser.



