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PROCESS FOR MAKI NG -A GALLI UM NI TRI DE FI LM WTH LOW
DEFECT DENSI TY BY VAPOUR PHASE EPI TAXY' This™ -
‘invention relates to the preparation, of films . nade
of galllun1n|tr|de (&@N) wth | ow defect denS|t|es by
vapour phase epitaxy. It also.relates to

-optoel ectronic and el ectroni-c 5 conponents nade from
these galliumnitride filnms. At the end of 1995, the . .

~Nichia Conpany nmade a 'l aser diode fromlli-V

nitrides. This result showed that it is possible to".'
obtain -a | aser em ssion from a- heteroepitaxial .
structure in-which’the dislgcation 10 denS|ty was as

"~ high as 10.8 to 1010 . cm 2. At ‘the-end of -~ 1997,

Ni chi a denonstrated that -laser emission for 10000
‘hours coul d be obtained provided that the structure
~of the |aser. diode-is nade on a good quality GaN
layer. This requires GaN | ayers produced using the ELO
15 (Epitaxial Lateral Overgrowth) technol ogy- Although
it has been asserted for a long tine that _

di sl ocati ons in GaN do not behave as non- radi ati ve
reconbi nation centres; it has now been. shown that

PROER: S 5d i8R0 @@&dmﬁs AWGML% uMS ﬁ&%ﬂl%ﬁ”@gﬂﬁnﬁl ik ﬁéﬂv' ¥EFECT

conponent peDEﬂSﬁﬁﬁcé§ JAE0VBr PHAGENEPHBRKEr on a
better crystallographic quality structure. Thus, the
life of |laser diodes based on IIl-V .nitride depends

critirpakl ¥ reenidiendisd noatd oo deRsi torddhrEaNA ayer 811ms
on which structures are nmade. All ‘efforts being made =~

maflet e ravehtuar el bl hte 46aNObtdith npvhedefeehi derptiies -

e i bl e crystalline quality.-~
bgﬁygﬂkggmhﬁgsg ééﬁ@ﬁ?%pltaX|al Lat eral Over growt h)
t echﬁtquaelhas redert dar oadl yostevel epetbn for aGaN @i ébtaonic

| ar nber of wvariants. 10_Since solid GN
CORRETPArESTARE ABPTabAPFaLPRIMAEN Bitride films.

At the end of 1995, the Nichia Company made a laser

diode from III-V nitrides. This result showed that it is

possible to’ obtain -a - laser emission . from a

 heteroepitaxial -structure_fih which the dislocation

S.10.

density was as- high as 10° to 10" cm™2. At the end of
1997, Nichia demonstrated that.,laserrremission for
10000 hours could be obtained provided that the sfructuré

of the'lasgr diode is made on a good quality GaN layer.

This requires GaN layérs produced using ~the ELO

(Epitaxial Lateral Overgrowth) teChnology.
Althoughrit has been asserted for a ldhg time that

dislocations in GaN do rnot behave as non-radiative

'recombination-centres; it has now been. shown that some

7dislpcatiohs with a screwrcompoﬁent:actualiyrintroduce

non-radiative centres and that the component performanceé-
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satisfactory surface and in sufficient quantlty,

L111-V based nitride conponents are made by
heteroepltaxy on substrates such as sapphire, SiC,.

Si .or-other. The sapphire t#ypically used as a
.substrate does not have a 15 cl eavage pl ane, which
inplies that in a laser. diode structure based on GaN .
28Rl e duh $RIRRI &n btHé%téQ'EEb%%lﬁlbgrgﬁﬁﬁc quality
reflecting facets. Furthernore, thé use of a substrate
s&gele tagesagpisre the thl e r@fsnh@%ﬁrl Al odhes nleas\edkon III-V

--_nH%&%@%t%%ﬁﬁ%és'E%#%%@%ﬁ? |(% {E%géaéggee 1?% gﬂgi y in

enerates-a ver | 0Ca

: Glaext angepist axi &lhllcayeltS‘qucur@aNa/ﬂ:eSﬁlaﬂbl re. Regardl ess

of tgi technology, t he density of - extended defects
(di sPotatqioifE tSstlrkihghaerect's, the MARERS| G cdondIed, 2

.OBQBQEQH%S)hQ9@§ogg£tQ§98dbeé §ﬁ¥h1Q§1cn%esFloﬁo éble o

Di sl ocat’i ons - pagate in the gromh direc

' gceﬂemgél@nethquebmtace Whes e ihewlgan the Ed@ntmﬂpedabyal

E M AF Cat hodoL
(AR FOLSEMERISSoRY (AT of, ol otobum pescense,

beSGQNt%ltﬁlésthgemhhﬁbérhbghvﬂﬁmﬁhEM (more  than 5 X

--108-Cm 2), defects degrade el ectronic nDblllty and

el ecEiBAfC SpHé e FeNe$Vosttatediamianss cite 2 Yk kalsi @ ywith a

sétﬂsfgf:tgé‘gr 'sﬁfﬁacézuéhﬁer {pr gu%??cfgﬁjeg%ﬂ%%t%ftggl JETTV

surface | oc ons resul S I'n"a-surface depre
ba(séldylrm;}:ﬂdeal compdneAppl .a Py sad8b, bf>47h(éterb%@9.)taxyl Non
a ' |aser diode. structure based on' Gal nN

SHBPFFaEﬁﬁnt%H?QeI?§ (ABRYLT] he Sidirs| Sdat PEnsOBP§Eur bThe
sEﬂﬁhQEgertyg cm% L?é’lﬁjcggs% o, hormmgengyss | hght nave a :

em ssi on nally, 'metals used. for pure resistive

'Cé@ﬁVQQES mhmH%Jsoﬂdﬂﬁfusemﬂhe&ughhahesen di sllesati.odsode

anot bes Di f ferent - axi | at eral .aqvergrow h
P RURRRRS. o5e et “Fal, <8EherERRy ¥ e atl:éf)nls
d@ffﬁtﬁlt1iobMakﬁ¢Eéflect1ng facets.
Furthermore, the-use of a substrate such as sapphire

with a mismatch in the network parameter and the

coefficient of thermel expansionrgenerates a very high

~ dislocation density in . heteroepitaiial - layers of

-GaN / sapphire.

Regardlese of _the' technology, the._deﬁsity of

‘extended defecte_ (dislocations, etacking defects,
inversion domains, nanotubes) - does not ~drop below |
5 x 10% em™?. Dislocations pfopagate in the growth

directionrand3emerge on the surface where they can. be
identified by Atomic Force Mierdscopy (AFM) or

CathodoLuminescence (CL). These dislocations aie harmful

- in several respects. Firstly,‘with a high denéity'imore '

“than 5 x ZOB'cmq), defects. degrade electronic Jndblllty )

and electronlc propertles (photolumlnescence 1nten51ty,
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‘ h8m8
. rb@yeti(féaftddﬁiia&lﬁisy byaphokokbt hegrrapie) ttmfcmghtheﬁese

ogpin
147 Appl. coﬁﬁ@@ed 3tH-1648 (d99G))° wusing the standard

technology. -However, ~as we will see later, and as is. .

(Hydri de Vapour ,. Phase' Epitaxy), 2) by OWPE
(OrganoMet al | i ¢ Vapour Phase Epitaxy), 3) by pseudo-
sublimation' or.more precisely CSVT for Close

Space- Vapour Transport and34). m scellaneous variants
wi t hout mask for. 15 exanpl e using etched substrat es.
Al can' be used to obtain .GN | ayers with

1disl ogation densy t gs-pf '._»ﬁaeet han 107 e %oceﬁpeﬁfﬁace

Oto using tf Re st andar d
dhie\llewzartioas weswilds see hatserrfaard C@H%Sﬂdﬂ’]efmylm@ et

2t 61 CLatbOr. QREVy: « G n@Jﬁmh%%Ebl‘éiﬁﬁeﬁﬁé%e%nawdé |

56281886 eNER skl S ddi iy tﬁfﬁ@@%’nﬁ’ﬂrﬁ hﬂ@Iﬂ@pkM@Wé’

step, . -at coalescence joints and .in-the mddle of
dépencagiora ailstﬁm:bst*elpet echiesl oy HOWhi ehda ddussy non-
ste§e| s ca

|

5 I B L B e

sai d openings followed by a second Epitaxial Lateral

- dopéPGREWPRS (ERE) naPepUPASwA| ch | ateral growth of the

i ni tbi‘ikéé dgposi fﬁjai%%i paltat BQQEEQB%%PunEechniques
their Goal escen novvn vari-ant of the.
hgrewbhehedhmel oggdi §oba$mplemen€hgannmef akLOc VapburHVPE
se Epit OWPE), usi ng oce t. has now
(GUaRSAET | | et (o eSbnn BaPEaREDT acelt r oadhont OBHEE

@%QBHbM@tal@%t e‘l?@}f%@i: urghduic| esdilQiky)0f  3)GapyorpAbio-
anneal i ng this nucl eation | ayer unti | the

: Sﬂbiamagﬁ@wt BTt eAper aracdsahy @s‘@sw honf CBask abrafg ghapour

T%gﬂgﬁogtur d( %gogni]sjc%qs[hane %Ver\?r"ari Céjan'\l,l doq.?%\'\ﬁagksfor

evero nm'se eteroep axy an
ekbrpldi sm@mac_tjl etdensi tybsitraGal.t oaabouta® belO8sed to
cm2 &coal escence_of islands of GaN, Haffouz et al
Pﬁy ayﬁé?tWltl?Bdlﬁé?gaH@@S‘)den%WW ef a?SSJE]P\an

inherent to the technology used, zones remain in which

the dislocation  density femains high above openings and

coalescence jeints. in a technology With an epitaxy step,‘

-at coalescence jOints and in the middle of openings in a

two- step technology in which a first step is carried out

o depOSit GaN by epitaxy in openings after masking and

etching a dielectric layer (particularly by
photolithography) to form these said openings followed by

a second Epitaxial Lateral_Overgrowth (ELO) step in which.

‘lateral growth of the initially deposited GaN patterns

’ continues until their coalescence

One known variant of the _growth technology is basedt l
on Organometallic Vapour Phase Epitaxy (OMVPE} u81ng a

process that_has now been.well defined (on sapphire)
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10 The | ow tenperature nucl eati on | ayer. is no |onger

necessary on SIC, and the first step.is .to make an AIN
| ayer at. high tenperature before the GaN i's

deposited. However, .the diglocation density remains
approxi mately of .the order of 5 x 108 cm2. . 15

- Thus ‘as present ed above, epi taxial latera

vari an

5 Of
OOt e B e abb B TR R LRGSR RLR RS LR pion

:oﬁeasctaw oy ASEVeRgeror dansadingaghi tude, niik1ekhesn layer

words to:less than about 107 cm 2. 20 The follow ng

o ugkddr ithes Hovr ey eerthi hesrprepagat endi YoM iakt¢aN at.

hﬁﬁgntEﬁ ng%@hm%09§§%OmﬁEBOQE?eSESQeEQEt@éthb%aH%gg were -

sec he fwo-s r ocess
dbeEﬂepednderspammlsbethmsehétenoeﬁStéﬁg ahdptepkimﬁy the
ces% The first .step is to eplta§¥ a fir Iayf@
@35 O5ATI0R sHFEfive 1tanfal dit€l e@RuL k ¥s then

(88RO8EEBHCAN oft hi§1haUsr -oTNEaReX 54 R4 Scto Jer,f off
hotollthography ‘of openi ngs in this dieleéectric mas

Piaysh eegarly Tdef il2e® 30 dhbiensi-éhdiwmmk 21, Jpn J. Appl-
.Pﬁ%¥8tN#FOQL?QHPhégbb%ZLations " Epitaxy is continued

ayers S”prepared firstly in the openings;

t hi sThesuwmrd eanpexytepeiseschabeiah gromh 0 @GN longer
crystals which has the effect of reducing th e

NEFSFBREYI OF dtifsi t§ndbFhend eFersdierr der §0ofake an AIN

159801 yde,; g heay rgltﬁrgayéfﬁ:’a}t% do, DOk R GRAY eﬁom_ ed

above the nask Fb ver is epitaxied fromt
Hopewmengsthe dtshsistent dethitheremainal aGaNpximately of

intains the sa disl ocation density as-the initia
ga 3 % Stﬁe?ﬁnﬁ%ﬂ tateral patterns with a low .
dlslmv;@é;on gensigpeLonlRCeapove, epitaxial lateral

‘overgrowth {ELO) and its many variants forms one of the
‘most relevant methods of reducing the dislocation density

by several orders of magnitude, in other words to less o

than about 107 em™

The followingfdescribes how defect lines propagate -

in GaN -firstly when the ELO process with one-step epitaxy

is used, and secondly whenwthe'two—step proéeés'is'used;

to'better understand the invention.

" One-step epitaxy process

The first step is to epitaxy a first layer of GaN'on '
a substrate, and a dielectric mask is then deposited on
this layer. The next step is to perform photolithography
of openlngs in this dlelectrlc mask with clearly defined

dimensions and crystallographlc orlentatlons Epitaxy 15_

- contlnued' on GaN layers thus prepared ,flrstiy in the’

openings; this. resumed epitaxy causeerlateralrgrOWth of




.and, since the initial GaN.is in-a- npsaic pattern,

the weak disorientation |eads to. a region with a high
10. di sl ocation density in the coal escence plane or
the. coal escence joi.nt. Consequently, it is |np055|ble
to use the entire surface to manufacture
optoelectronlc conponents if a one step ELO I s used.

1. LIy, sh | t
B Sy P acce e aRePay RS S SLRFEh B4,  CORDABE, the

~digyetatidh OGeQSQQQStbyteséveéeMHSBraeE§lng Shih¥nitude.
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- A1203 etc. ) is then deposited (by CVD, PACVD,
 Thgonehi s

'H%@%gdep%w' Jethad) %{ao &nf%ggflnggh%as,

preceions d@ubmwmﬁr@@agaﬁ-es. pROTYD e amgsk.:

mask by photol it ograp y, ng clearl
comstsalehcbgramhhc the ectmotnsﬂancd;aNM t Inlaammadmrsl atee same
for exanp pm openi ngs separated by 7

_dﬁﬁﬂggglﬁggghgeﬁlf@o?éaﬁh@l r-adtieh. CORBAUREN FE}FBWHH‘P%er

l'é%%%ﬁ@dpatttﬁ%rgl%p%'ttﬁ QN Mkeél@i@&aet{éﬁ S&éﬂswy &Belesce

openings 5,. then laterally above the. mask 4. "Above

- anfe Gpewmhg@heChnntnabpﬁﬁﬂxuai b@nﬁa@psmuﬂwpdﬂiern the

str ains the,sa defect densi t .
vBHEe fEbEr s SRERESORY LIRS B P LaPE0R (KR cehr bion
ddissbegaiban &iefﬂ§§tyThi&1 CalMd atcrizdldsy cgicens pabege bhe the

mask (overgrowh of GaN 4). 'Through dislocations do
CRBLE8O°PFBpaAGALE - |ﬁopﬁﬁgufﬁﬁéYraéti§i%s¥%&95%ﬁhkﬁl?9 use -

th@e S%ﬁ%ﬁg%f §ﬂffa$@mer§ ﬁa89?58§8§ﬁce bgt?elgctﬁonlc

fornme he .two |l ateral overgrow

tcpmpbhenhsddfeaobnehetepsRLOThereéede t he

manu acturin ‘technol o for | ase di od n an. ELO
subst T&trE®as des %@ﬁ%é% %ﬁéunL8§ égﬁﬁﬂexone step
cbe€ehnol poycsekaceat handi oges 8t r@ﬁwéelees QN DS sHBlgyer
on overgrowth zones 4, between . the. coalescence

: 2}) oPRAt a2 ghBsthatgohe Anmépkt axi(8iOgontadt, WiltRst H@, etc.)

ubstrate ¥Q r ir an nnent,_ . pr eci s ‘
h2§brdere% i%%dpﬁﬁ% é%b, PﬁtVB atﬂ%gic sﬁﬁtt%rlng,

sublimation, in situyu CVD or any other deposition method),-
Openings are formed on  this mask by photolithography, -

along clearly defined crystallographic directions and

' withrapprbpriate dimensions, for example 3 ym openings

separated by 7 pm along the [1*100]&m-directi0n. When GaN-
gtowth is resumed, the'deposition takes place‘firstly‘in
the openings 5, theh Zaterally aboﬁe'the‘mask 4. Bbove
the openings, GaN in ep1tax1al contact with the
substrate, maintains the same defect density as. the base
layer 2. The black 1lines in Flgure 1 represent

dislocation lines. The GaN laterally grows above the mask

,(overgfowth -0of GaN 4). 'Through dislocations do not

rpfopagate in this zone, as is established in the etate,ofi

art. However, a coalescence joint 6 is formed when the

two lateral evergrowthrftonts join in the middle of the'
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Two- st ep epitaxy-process 10 -This variant is an o
inprovenent to' the one-step epitaxy process. It is

"'shomn dlagrannatlcally in Figures "~ 2, 3 and 4. Figures

2 and. 3 are anal ysed as-fol lpows: After epitaxying a
GaN base- | ayer reference 2:0on a 15 sapphlre substrate
reference 1, an.in situ deposit of SIN is made (nasks

Bl O SRSTUNES, . 5 P o o B, Ohplel | Ehogt aph

dikelef idtal ast EPOi $ubetiassNe sgrauMdy i abdid Stéyuires a

| eads to selective epitaxial overgrowh 6. 20.During

- COR@LleRrr ety eptiekythgr GMCRSEoRdITICHE e dras o be
_ n%@leu%heg)vje‘}gggﬁi@hn Z%n@sglaer bgq:%%ﬂ tﬂteeﬁelagggcence P]Olnt‘-

i'rection < han the’l ater al r owt

‘.amhbttmaezgmmmﬁhnlepuhexﬁaﬁnwmdneawupelwhthjaa substrate,

%ﬁ' ul ar, sectlog with facets, f11- 22% ﬁ obt |nedf
“PHéa &H%&é 8P 241PRMENSr BEBGLFLOPsOf otPRIBEEST OF one
qurvature of energing. dislocations at 90 as

illustrated in Figure 4. This dislocation curvature is
~expl ai ned by energy . considerations. The férce acting

VT%g_gtgisgggagggn.Ebgg s the sumof two terms: 30 one
. : so that it remains normal to

- the -shibacearTantt his otdrer itmgndsreherdl | g0 t BRe one-step

di,sl ocation line with the Bur ers-vector (to mnin se.

CPhEAYYSPEOSESSN Gt et | TP Eh e BRI L AR § HeA 58k oH E%%res

ot he gxpeni ment al condltlons are nodified to obtain a.
fateral growth rate greater than.the growth rate .
aIon@lgheesoaoanddBracE|@nalpse@tasnfelﬁeWs

it chEC PP Fudyife? F o ee AR LU ANER W on

' sapphire substrate reference 1, an in situ deposit of SiN

is made {masks.3); and openings 5 are then etched by
photolithography along clearly'defined'crystallograbhic
directions. The final step is to resume growth which
firstly'leads to selective epitaxial overgrthh 6.

During the first resumed epitaxy, growth eenditiohs

are adjusted to obtain a higher growth rate along
direction <0001> ‘than the lateral growth rate, sUch that -
‘overgrowth in the ‘form of strlps with a triangular.
. section with facets {ll 22} is obtalned The advantage of
~this _procedure is to induce curvature of emerging -

:'dislocationsrat-90° as illustrated in Figure 4.

This dislocation curvature is explained by energy

considerations. The force acting on a dislocation line is

the sum of two terms:
- f one makes thls llne curved so’ that 1t remalns"

normal to the surface,
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~This two-step process is described particularly in 10

patent application W99/20816. The nodification -of

- experinmental conditions to. obtain a lateral growth

rate higher than the growt ¥ rate al ong the <0001>

~direction may consist of adding magnesium .

ant'i nony. (Sb) or bisnuth (Bi) ‘to cause ani'sotropic GaN -
grow h (L h et 15 Appl. Phys. tt.,.. 79, 3059 .. _
(2000 T Ragiol 53 hr 601 AT daknsdbf PoBTaT AT ngine
wtaN wvhieh Bisjocat vertdansi(tbesn] ebfi ¢harcy agdabcek®ion
107 cm 2 (over. the entire surface between coal escence

~ TPERES) o vBRAGYdes et.al, J. Appl. Phys. 87, 4175

( 2_009)1') "th%o‘as-g?;%'rﬁl %Igeéf',eg&ﬂ@ Sﬁﬁ?ﬂ)é?ﬂ?&ﬂ@éi QSndition's- a-r‘e'
observabl e defects tween the coal escence zones as
megn fheds&encbhatinea ilmgeslobrowehsunftacgriater than the

S5 ERISI L L RERDCS B PERIES, LDELALE B AL s

~ ceatakpedchy ibWee=SBEeRhBR! AXYiREEERES AR 2BepPBhl which

is an image of a GaN | ayer obtained by a one- step
faprtax{yOplocédssearhessszones with-. a | ow def ect '
densify.are _suffici L de ptoel ectronic .
, con‘pgh%ﬁt g%guzshtepag fgééé%smgdéjtf%cgq‘ léf%rdgf%ﬁ'ftl&ﬂarﬁ§ 0
pexantnatdpgi iofattihese Woage0806: shawe t hatdihierecicn a of
Si gni,'f-i can&l y higher density of Dblack dots (energence . -
SEP4iUPBtat &ﬁ@a%&m@ﬁpr%ﬁ%‘tﬁ%w 3t H& (Gl 9BpWEn rate
h8bhERS t¢efd nede by reR2heSCANC e, Z9RES rrkhath fhi D direction
the.rest of the strip with a [ow defect density. These.
mglystovat Bonsfhaddinpemagoesgim, i ant heoGaN(Bhseok apesputh

Located in the m.ddle- aof t openi ngs, whigh_ after
(BRE " G P HES: G S g8 hreer o nE ook B EPPRAgHrale
Apwel gpRyshsLeand, wabch3thus (esgape the di sl ocation
curvature process. During ELO growmh, after selective

epi tARYS EFFEOROIYal PEONHIET oRs RARNBUCH tdRfaiHalg GaN

wi@ﬁeﬁ§slocation densities less than or egual to 107 cm™

{over the entire surface between ' coalescence zones)

(Vennégues et al, J. Appl. Phys. 87, 4175 (2000)).

There are regions with_almost no cbservable defects

between the coalescence zones as can be seen in the’ -

" images of the surface in cathodoluminiscence presented in

Figufé-S, ih which part (a) of the figure is an'image‘of
a GaN layer.obtained by a two—ste? epitaxy procéss and
part (b) is an imagé of a GaN layer dbtained by a one-
step epitaxy process. ' 7 '

These zbnes with. a low defect density are
Sufﬁiciently wide to make optoelectronic components such

as laser diodes. A careful examination of these images

_'ShOws ‘that_-théré is a sigﬁificantly' higher density of |

black ths (emergence of dislocations) at‘appfoﬁimatelyt

~ the centre of strips defined by coalescence zones, than
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{11-22} begin to form and through dislocations at the
‘edge of the-mask curve first.. Figure 4 gives a good 10
under standi ng of this phenonenon Di sl ocati ons in

m ddl e of the mask can escage fromthis process the
and enmerge on the surface (dislocation A).

Furthernnre' after curvature, the dislocations

' || | h The t
B BORRPUAE il Efﬁ&%‘i‘%e&%?*sfs%ﬁ&eﬁ‘é&afce%ese

dl@llaicat'ﬂaﬁhsdl shosathens thaigiwl hew chdecahatgyad 1ayer,
grom h, front can either termnate in the coal escence

l?é“ﬁléeﬁ ntiwhikh FReddemBt beha gorRaNNEs, t héyichnpyfieen vehe -
'g&%‘ﬁﬁﬁlds M%f“&ﬁé%@%e’ n%%xrt h%)ﬁ MY, GUIME a&fgotgggggular

“emerge on

e sur I's coal escénce joint
owirgirotité st, hr cagh  ditsildicatilonms deasciye | stheghdatsfsccatlon ,
limts the useabl e surface of the ELO substrate.
CPRPEIEFe, PFPCPES ol dT iht EERI sITHEER e g iditt agglective
cPiRe8S @Qﬁm@htgﬂnébﬁdlﬁﬁbng'§E@C§Eb9n§h99dthe fac?ts
partlcula y dislocations. originating in the md :
{25 -EHe rﬁ@;@ah@l coales certethobnysb. dt@lc)@ﬁmllens tatte the

crjpti 0 |ve ae : der st andi n. of t he
HERP" P N ko TG, “eRE8E, | LEEPER O GEvSE 9o
uﬁdﬂ@@@&@ﬁhh@ the ﬂﬂﬂﬂﬁgphEQﬁm@ﬁondlS$£§Eﬁ¢éﬂﬁdﬂﬁe§J1 the
The follow ng description is 30 particularly

._méﬁﬂllﬁca%fe HE dlepEcHFDBNESIREE of FPnalels nprogess and
-eﬂbggbeoﬁfth@esﬂ?%gcep?alm25Cﬁglaﬁ'ﬁyre§u§tﬁggmgﬁe after

Fustrate the case in ocations ™ m
ceweageren ttﬁesu&ﬁ&ﬂmeaﬂﬁbmm Iprophgatetcpaﬂukieﬂﬂ gurethe

th tt der of. the descrjption whe :
bR, R, | hee E Per e e BF S E ey T OB R and

c@@a@@C@UQk%ﬂ%%c@%be @@hdﬁ.(ﬂhé ‘dislocations that follow

the lateral growth front can either terminate in the

- coalescence zone (in which there may be a void) or they

may curve towards the substrate, or they may curve at 90°
and emerge on the surface. This coalescence Jjoint in

which the through dlslocatlon density is high also limits

the useable surface of the ELO substrate

7 Therefore, it is clear tbat this two- step ‘epitaxy
process cannot 'ellmlnate all dlslocatlons and
partlcularly dislocations orlglnatlng in the Huddle of
the masks and coalescence jOlnts,

~ To complete the description and to rgive a good
understanding of the context of the invention described
below, we ~will now describe - the propagaticn “of
dislocation. lines The follcwing descrlptlon is
partlcularly applicable to dlslocatlons that orlglnate 1n-

the middle “of the mask openings.
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Figure 7 illustrates the.case in: uhiCh t he patterh 4

- has.a trapezoidal or triangular. section and the ‘mask 3

4 have a conmon axis of. synmetry. Energent
di sl ocations are" |ocated at9'the vertex of the . :
triangul ar section 4 and 10 coal escence joints 6 form

~vertical planes. The enV|ronnent .of a dislocation for

whi chysthig.dd ng C%]nram des J)lvr LR CREION Axles gb which

symmetry is firs con I'gurationt

. dﬂ&ﬂmqaﬁlanﬁmmnghnlemeggewbh tHe | suneass. clievedll refer

Simlarly, the environment- of a 15 dislocation of _the
%E&Encég

R PHiH onHden rsaatléﬁfﬁ%' £180 eyfy@iéﬁs @§pbgs of -

ine. CGther variants of the O vapour phase

substr.ates (As al Phy 233 .,
(20067 A2 dad oS radier sl PRSRadp e bbe bactiia 4
Haec ot egpesoi 8k T hiokgS: B £n dieer Qeee%hyam e mask 3
substrate,” which avoids aegromﬁh step ‘and . deposition
h@Wea%n%ﬂ@moﬂuﬁﬁlﬁe@ﬁnﬁdﬁﬁl éﬁho@mﬁrg@mﬁaﬁéSéppatlons are
l@'c%lt%ﬁaté@n% @ndv égc%}?%ltrgaﬁ(:g@fgr %%%tlon 4 -and
ori-gi nati ng ron1 le o openrngs an _
coadleeseanee jQDthS Thérefﬁmsm t herreciicalan wrigerats . The

tech | | t bl f '
B schrn B e 120, HioTRat g TR R T s

- yiikat erducsodhien ussahl e csur LagRs el 30s Gl 441 f00  (a)

manuf act uri ng opt oel ectronic conponents regardl ess

cenfigarptéeashedopted thenndki) ngasia fdu A I gspwgh: it

l%ne é‘y& or S \e+1ysev§ %lggggaxy t%]t epseno‘,[lreg Chl of ?Ee

openi ngs d|r in trate.” The pur

diislertitdni S oLipF 0posBesdcptocessntf @ruﬂtaigi I’tﬂr@dt@al\hs a
f|In1that grov;des a GNfilmwth [ ow .
type nflguratlon then (a); there is no curvature
of its line. ' ‘

Other variants of the ELO vapour phase technology

" use textured or periodically etched substrates (Ashby et

al. Appl. Phys. Lett. 77, 3233 {2000) instead of a

dielectric mask. In these technologles, etchings. are ‘made

‘ dlrectly in the substrate, which av01ds a growth step and

deposrtlon of a mask

This technique cannot ellmlnate alli dlslocatlons and
part;cularly dislocations orlglnatlng from the middle of
openlngs and coalescence joints.

Therefore, there is an urgent need to flnd technical

, solutlons to thlS problem of dlslocatlons emerging on the

surface of GaN fllms that reduce the useable surfaces of

‘GaN fllms for manufacturlng optoelectronlc components,,'

regardless of the process adopted for maklng the fllm

SHIR  dGPFRYIBPBI h T8 a FyPeipgef oOf the . .
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defect densities. Note that in the context of this
invention, the GaN may or ‘may. not be doped. Dopi ng
substances include - particularly magnesi um  zinc, ‘
beryllium calcium carbon,1&ilicon, oxygen, tin and
germanium It is also p033|ble 10 to |ntroduce an
isoelectronic |npur|ty such as In, Sc,. Sh, Bi anong

‘ usq%, %ﬂ?ntiﬁélw Qgﬂ EE%e%%&Xf!Qg%gghéygﬁgehsevﬁtchlng

perlo hus t e pu
o@emngesallfrebtlyamnghé Bubstehtgal liumnitride (GN)

~_ starting froma 15 substrate, by depositing GaN by

vapotPepREEBOERI PaxFhechAVERFAPNséE FR PRAPOPReaGAROCESS

‘f%%p%%mhn%O%Pﬁﬁﬁ@sfﬁim'EﬁéE HQ?%18§QP%UQEEPQ§§hPnw%E%t1ow

epitaxi al® l'ateral overgrow
d&ﬁetéadensmheeef these ELO steps is preceded by

et chj of . o enln ;y in a reV|ou§
depo§P?8 LRB dr e GO n Ty The ho Cobbs Pt el g

maRy t Bat ﬁ@yaﬁﬁﬂﬂeﬁkyld%péHVOQM@ﬁ%gln%@bs%ﬁ%ces include-
di sl ocati ons envi ronment during oné of the ELO steps

'P3st25uA3rLy BaAUBESLAB, | Algest bséyélw@, ngﬁ%@iiumf carbon,

SQh?E8ﬁatb g%HrVQEH{eQ d gggﬁ ﬁ#ﬁ%ed Ia er@%% ngogglble

enér “t he “sur

3tobUaﬁnEwucéHEnaiym&&ébﬁroﬁlth&miuﬁxmﬁl$@ﬁ5 as In, Sc,

nV|ronnent may i nduced part|cularlﬁ . %
SBy Ve yPRG™Er ‘% EéﬁgﬁEFérénélFﬁéFmﬁy %%Iﬁﬁhgv aft the

M@h@@léé@ £é§£9d96r9§89é0U|ar to the growth axis, or by
| um nating using a | anp produci ng OV radlatlon at

abouThu&,1VDetpu¢QOSnnpft¢h@awﬂquﬁ¥dn1ﬂﬁ|®Jpg®©@ﬁﬁ for
mg&igg g'%%f% £§n1 %Rmf@%%rl e ( g&) %%arting from a
substrate, by' depbsitlng GaN_ by 'vapour phase epitaxy,
characterised in that the GaN deposit comprises‘at least
one vapour phase:epitaxial iateral'overgrowth (ELOf step,

and in that atrleast'one of these ELO steps is precéded _
by etching of openings: | |

- . either in a previously deposited dielectric

mask,

- or directly in the substrate,
and in that an asymmetry is introduced into the

dislocations environment during one of the ELO steps so

“as to cause,therlargest possibie number of dislocation

curvatures, since curved dislocations do not emerge at
the surface of the Gal layer thus obtalned _ |

The asymmetry of the dlslocatlons environment may be
lnduced partlcularly '

(1) by varylng growth parameters either by applying

‘an electric field perpendicular to the growth axis, or-by:.'

illuminating using a lamp producing UV radiation at.about




" (2) by naking-openings‘mﬁth unequal wi dths or with

unequal - geonetry, . ceither in. the dielectric mask or
5" directly in t he substrate to apply geometric shapes
to the GN patterns to facllitate the curvature of

dislocations, or in-other words naking use of specific

properti-es of di fferent geonetric shapes that can be!

lt’@kefb ofi‘O(S)ymg’\aNtBaE%\gsgs (.jrlérfle res akgﬁ’l g%tofonalsépgle N

Thi s  asymetry provi neans

ffmmsﬂytbfod@heﬁesHaaaQquso@rlg|natlng fron1nask
g,opengggs;,Cbns quently, they no |onger energe on the

sur f LI HEM RS PlrdbsEiiuahevi@ient pBnwith

a hSqa 1P geeRSchike thahsdeser bed §208Ye cEha 8ot fLpedor

L0

-15

20
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30

t hat 15 asymetry 1I's |ntro uce :
depemtﬁ;gs igi t hiee |sru1}:tsrh;eadt|eeltemt applnas_;leometmmecﬂna}pes nto,
e trat t hat ent, unequal and
tégynnéirlcp?gFﬁrﬂa a%55s|€ %ﬁf}%?ﬁe Eﬂg petHodre |
dnetwekkiohBe Qﬂﬁlﬁnp@kh@&nn&ﬁﬂﬂ§|ﬁéﬁgn@1usbeQ§5 gpelelC
openi ngs, these eni ngs possi bly being of o
PAPPREL&RE. @?pé&lfgﬁﬁr%ﬁrt DEQREEKY.Cl |$1}e<’spe$1e>é%i§ﬁns can be

B R e
exteﬂﬂssahsygmatr&l@r&@hdderecmm@ms ThE-&iKiﬁgxﬁwtddmyof

0 E s invention,is. 25 known by the
.maéf ﬁ@ ﬁﬂ ?ﬁe%%tsr%l%%i:avgp%em mEf puppenings.
'Cgﬁsé§ﬁe§t1§wet959mhb)loﬁ@@reéhéfééaonl@ﬁ@rgﬁrface

over growt h step(s) (are) advantageously made by
vapo Wi@%@araxyﬂﬁ%omur@mserl@ést@@d hydenesn 1is a

PERRS e AT LBy MRS~ C%f%' T R Vot

adyamspoyt Ls 1dtkbduseal 59 pRISIRY eptecau@@ré @HeSE the

itaxial |ateral overgrowh (ELO steps along one or
g ?ﬁ%rhflmaSk or dlrectly in the substrate, that are

radjacent unequal -and asymmetrlc formlng a basic pattern

of a periodic network, the basic pattern comprising at

least 2 openings, these 9openings possibly being of

~different types and particulariy 1lines, hexagons,

triangles or a combination of suoh openings. Preferably,

the periodic network deflned above extends along a. [104

-10] dlrectlon

The ELO technology accordlng to thls 1nventlon is
known by the acronym ALFAGEO (Asymmetric Lateral Facet
Grown - Epitaxia1.0vergrowth); -

The 'ebitaxial lateral overgrowth ‘step(s) is (are)

advantageously made by vapour phase epitaxy from

rchlorides and - hydrides (HVPE); by OrganoMetalllc

pytolyéis-infvapour Phese Epitaiy (OMVPE)-'or by,CSVTg7

(CloserSpece,Vapour'Ttansport).
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100), A(11-20), .R(l 102), 3(10 11) and N(ll 23) pl anes '

"of the substrate, so as to elimnate the

‘pi ezoel ectric field  that exists-when epitaxy is done
al ong the C(00' 01) plane -The substrates. may be about
a hundred microneters thick, usually of the order of
200 pm and may- chosen fron1anong sapphlre ZnO '

3G Si AN Li A0 |
et 4 S’ oo M DA caian

ltateatsad defayeovadly dJE]I;ID}SI btepsohical ke ni rédathony él—
invention also relates to any GN filmthat cou
1ég?obﬁdﬂ&egoﬁy FHé‘épgées§ é@c@ﬁdlﬁ@dt@(ﬂﬁez3) planes of

th%V%WHSQ@atEhes%agkft l&%%n%% a%%%d q%%o%ﬁeg%kw@egléld"'.'

15 and 100 pm thi Acco articular
téaitodixnernts m@e@fephsaxgvestdone hhengamhélbwﬁobualpsane

bet en 5 and 15 _pm An opt oel ectronic
conpgﬁg taqas%esprla Bs&tF . %}F\'E!Utpért .%nﬂla?qi ylacraeggers

tdii ege, L@SIM@I}@d@Ee%M 8Fa8r torfanso@tﬁﬁ, char a}ﬁaffrgﬁsgen.
in that. is provided with a GaN fil mthat cou
fé@{“alm%ysﬁﬁéhpr@cei@%cc@ﬁiﬁh@, #“E-CHE, i @ik, GaN,
. din a fi ari nt of he inve
aths. 1aaedl di ngiboon Thicely | BLbeN The

opéni hgs are nade éétr 2andtac

E substzstassmagnﬂevateanbdobefbeeIEmgnaépasib@oﬂpsﬁlagﬁ by ..

directly in the substrate. Wen the

.ﬁnbtﬁﬁgaﬁsonare made in the dielectric mask, nanely

accofrding it d | bibovari Atast RE, p%ﬁgeséab] film m ’Fhat

advant ageousl y conprises a two-step e axial la
cgoldvebgr onbhat EED) bslngheheprecbasquacdesdln@edto the

: . On f f the jnvention is thus to
lgggﬁgégnaegﬁﬁ:égﬁpgi EQQEﬂ&W? mPeRaleplshvtRsn 1

afAd1300 um thick. Accordlng to one particular embodiment

- of the invention,_the_GaN film obtained may be between 5

-ahd 15 pum thick.

An optoelectronic component is also propoesed, and
particularly a laser diode, a photodetector or a

transistor, characterised in that it is provided with a

- GaN fllm that could be obtained by the process accordlng

to the 1nventlon

Thus,'accordang to a first variantVOf the invention

openings are made in a dielectric mask, and aécording to

a second variant of the invention the openings are made

directly in the substrate.

When the openings. are made 1in the dielectric mask,

namely according to the first variant, the process
- advantageously comprises a two-step epitaxial lateral |

overgrowth (ELO)-using the technique described above.

One of the purpecses of the invention is thus to"

ipropose a process for maklng a GaN film that prov1des a
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o coal escence j oi nt.s are stro

- frgfet Bhegr gl

GaN filmin which the density of “dislocations
originating fromthe mddle. of the openlngs and .
reduced ‘i n.the * case

n
I'n which the two-step pltagy process. is adopted for-

~production-of the said GaN 5 film The case in which

facets {11-22} growat a different. rate so as to
Ga@USﬁl@rUrl\fﬁtmﬂﬁ%fpfthteh%le‘ilﬂssﬂt@C%;ﬂ %ﬂsll'o%%%l%rns o?c@?;?%atring
whi ch openlngs in mask cause different ace

A ﬂastorfat*eleiel pPRNdnges @cindo®lespenOe - joints

the first_instant at whj ch
eglu%%%%frf 988 égéurl\p/’eotheana 23¢ ¢ (Pr&h o d%yot f&eP
emlsbagapmo@ess ig ad@pﬁ@@tﬁb@a oVt @ BRE R the said GaN
ﬁcflguratlon such as (a) for {c) and (d) -or such as -
¢offor (e) and (f). At,1r t he di sl ocati on '
pr Opagat 85skn: hhgnbase rphape (15- Kz?ﬁ%%cowog[ﬂf agéE%EIeggnt

(c) is the conflguratlon used in.

'I@§§Cﬁpbe§ aboveusEncuonﬁtgmeabfomhédﬁlslb&aﬁﬂdnt1lﬁes or

QW two passi.bl e gegnetries. |l eading to the sane

'caﬁgﬁe 5? Gy ORENESS ndBr bRSt ‘ﬂ%s&@@ﬁﬁloﬁlfferent

sueffab@nC@deﬁ:s 20r&nde 14 thhited FixguﬁiﬁgWQ«%B renshemgng In
pi cal' asymetry cases.(c),~(d), (e)y and (f). iIn

.,Féaeée( 1§rakf@vedeﬁ.i%%e%prﬂheedfawﬁﬁelnytast @fcomdiing the

atQy ) 2) H? pl.i ed metry s

nevorariof it ERPane) AT BB ime e, ol Sthe

dapbbcaatonnlsflnoafsgmmatr@ﬁaidénvmacnﬁéﬁﬁ configuration
ficially_elimpate coalescence oi nts, such - that

SPﬁEe@ﬁtl e HD sirt agBdcdhl) b Tuseach of S ndBuf dtur € of and
(ept ogl gt r ophs - eegpeeseien E%P. gs%sca G HPSKS 4 "Bt ane

can be used to nmake thi's -30°va nt of e pr ocess
QQQéPdlﬂ@nﬁogvh@t&@menhrbnlﬁ&Wﬂhe confiposetiofi used in

tﬁé'%%%” @%&r%ﬂﬁ>(ééigrlbeéﬁagévvv hec:litﬂlflguratlon (dy.,

t; and t', show two p0331ble geometriés leadlng to the
Same shape at tg.

In the remainder of the description, reference is

rmade to this Figure when mentioning typical asymmetry

cases {c), (d), (e) and (f).

Io case"(l) ‘above;' the ' applied ' asymmetry is

' according' to case (e} and in -case (2) the applied

asymmetry is according to cases (d) and (f).
The asymmetry in application of configuration (d)

may also beneflclally ellmlnate coalescence jOlntS, such

 that the entire ELO surface can be used for manufacture

of optoelectronlc components.
The dlelectrlc masks that can be used to make this
varlant of the process accordlng to the invention may be =

composed of silicon nitride (SiN), SlOz or W. The
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~dielectric is deposited according to techniques well -

known to those skilled in the art. .The first -
-deposition of GaN may be nmade by any-vapour phase

o -deposi tion nethod, nanely HVPE (Hydride ‘5 Vapour

Phase Epitaxy), pyrolysis in Oganonetallics Vapour
Phase Epitaxy (OWPE) or C ose Space Vapour Transport

-dfg?é@trfngpg “@%Epggtgéedatg ﬁéf d Ce'%ﬁ%hﬁf eﬁjgyell

vector ‘is prefer yanxo

]qJMeet@plﬂlmsye tsecoﬂnelcngreehaararal so be used for th| s
10 fi S as, MBE, cathodic sputterlng e
| ase bifjag?%n %PCP%EyJ%]rO%f Ean>alht ddedPEe bR ‘?ndl‘zt 0any

| ddyeu&rogﬁaee d§§§659€§oﬁelﬁ L1558, ady: ;99. ® R8varide
epi t axy, froX1a :

used for masking fol y resune

- Viggpsaln ayRivassf @Mta&yﬁhe pubelyaie i $ncovegedobyptallics

e atom<cC er

f I t t el ual t
Vel et ol Rter CNER Bl PloRask SHagene dapous

ThremEpdrta () ofo@@flﬁllgee@wse@, 6ol pedrthénce. The
~eontinuous buffer. layer.- The thickness of this Iayer

IrEy VISETO8t \ide P LEG S41P 130 enmixTIRE 20 taeﬁlpéip at GEbeguviagur
RIS 0RS{ n tween, 300, 2Q0 he
pEtep-|§§h?£%§te%%%¥§?Ure gﬁngg |ng geﬁ%%%n é%%% k ;é
f1¥20C. 1ahwer behtbr dsayBBEGhamgesodionsputoaringouss laser
"g%gn to a discontinuous |ayer forned of GaN
S, or in other words GaN patterns in the form
of 2a |lsdﬁljjsofﬂt%ﬂ08§§ahﬁeéﬁh'édtdﬂ3ﬁr@ etSCttrHeC BScess
been exposed then act |ike a nmask and 't he
dggerabre d@low | kanGaNvaoegdoosaedd nu@penlﬂtgs madking

- TPRAshE Bl FRoMR ap U aRhn REPR, & Sare AT B Oy

2 t oThej ismbtshireke i1 3todeposi bedabytHAgareetef | 5€1icon
E roI si s in Vapour Phase _Epitaxy. The gallium source

AR mERRAGHIE TRy THERFL &Rd e ﬁtpmégerpls?ém cehfger

‘ tﬁE“Qﬁb@ec%%%E %ﬁ§¥rﬁgs'%een formed, a layer of GaN is

deposited, called the continuous buffer "~ layer. The
thickness of this layer may be between 20 and 30 nm. The
temperature during'this operation may be between 300 and
900°C. The next step is high temperature anneallng at

between 950 and 1120°C. The buffer layer changes from a

. continuous layer to a dlscontlnuous layer formed of GaN

patterns, or 1n other words GaN patterns in the form of

islands ~The zones 1in which the dlelectrlc has been
exposed then act llke a mask and the GaN patterns act
like GaN zones located in openings made ex 51tu in the
mask. After deposition and annealing of the nucleation
layer, a thln layer of GaN, typlcally 2 to 5 pm tthk is
dep051ted. by Organometallic pyrolysrs in Vapeur Phase-

Epitaxy. The galllum source is Trlmethylgallinmi(TMGa)

. and the nitrogen source is ammonia. 3uch a method is
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. 15 described in many docunents. This technique is

described particularly in patent application

W99/ 20816, in exanple 5 that is incorporated herein

by reference.” Using this basg |ayer of. GaN has the

advant age-of- 5 I|n1t|ng the dislocation density at-

the begi nni ng .of the process according to the .

T sc S t .possi_bl :

AR ol S e 0T P LALRRSED. 1 BO3RIRL pea

pdnﬁ1omﬂanlwtemd@®t&mﬂ btmeumateomhwo9mveoeu@n amde&emple
lLimt, 10 its scop nbodi nents descri bed'

e ﬁél&P&oF@OFW6@§t§ﬁrEEB Yod8S8EETCRke t hose

deschisheq above. bJQ@SiaS/E% 'd?’eﬁémoﬁa@or@qé)%&{r&h‘té{;eyof i

-relat'es to'a .process f maki ng- a

lc,lﬁlarta@gerﬁheediln&iqdedllqrheiemﬂtcsal\aideme|begmnnhag of the
|| orna i on,of .o enln s is broken down-into-
E%CG%EZSCQEF hghFl}gt ®B&iRY done under, growth .

condirhieons ﬁcbmibvt'ﬂaj t hgegteWbBsr at i af Ongen he £eE81p1e
direction is greater than the lateral growh rate and :

SfReSBEBRE 861 nighRUohér BRAFALABALS il L0 experthent akhat
aeenqhtbaastﬂeh &ﬁ@gttﬁee'@hafﬁhvghertﬁ 5gggg§§not limit

greater than the growt rate al on
1d5recbpen so as to obtain full coalescence of the

Pret Slhe oo el el P et r2G e apShaher

| Erbepgb@eeBeéagekeatﬁegetBeség@géa beeetlon consi sts
- of addi ng -magnesium antinmony and bi smuth. According

to aThifst teﬁﬂbommﬁloradpecenpamhequéarlasmﬂi@mascaﬂ:o a
p?BSgggg%o?r éﬁa t()ééﬁ el%%5§é%alt§%$dd|?e§??gnthe

periodi-C networK preferab y dl onig a
GENamapeSlmﬁoﬁumaaS)ﬁmﬁtdeC npenfathpaidier &8 openings is
broken down into two- step epitaxy, the first being done
under . growth conditions such that the growth rate along
the‘<0001? direotion is greater:than the lateral growth.

rate and the second being done under modified

experimental conditions such that the lateral grthh rate
- 1is greater than the growth = rate along. the <0001>
. direction so as to obtain full ' coalescence of the

7 patterns

The modlflcatlon of growth condltlons such that the '

lateral, growth rate becomes greater than the growth rate

antimony and bismuth.
According to a first embodiment, adjacent unequal
asymmetrlcal openlngs are made to form the basrc pattern-

of a perlodlc network preferably along a [10- lO}

'directlon..Examplesrof such asymmetric opening patterns

are shown:in‘Figure 10. The asymmetric basic pattern is




u: epltaX|ed masked and_etched substrate, for exanp ,
' i ROFi dihee 1@ Umdel deddsiatienscone t | swdanpglar

- I nd
' ;dcfepoqﬁ%l lg% gal 1'i um nqult r:tgle@ ngee%ﬁ%%%naﬁam ng zgﬁggce

~are shown in. Figure 10. The asynmetric basic pattern

is 16.not |limted to linear openings, it would be
possible to imagi ne many other patterns such as

B hexagonal openings parallel1to t he [10-10] directions

or triangular - openings,. The basis': of. the
i nvention is to induce propagation of dislocations by
'h .openi n S, .t hat ads t reat et
AR TRVt ebnd: PRSE BiRnithl, S Waklied RpbEiv1e to
i g theRe @SIWTRt A CLOHPRSN BUSHh tdseah@ﬁ@@oﬂil bp@niggs
e

pﬂnpagatmuncnﬁcﬁxaﬁbd&uxﬂnﬂ QWOM$ymmétrﬁeoSatHe openings
at, t ateral rowt h bei ng contjnued unti
ot &1 Aotk he oo RS nipnatty than

"-gﬁigﬂkggxx)dlagrannatlcalIy shows the variation of the
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mor phol ogy during ELO of GaN when the widths of the
openifigerare kingqlrhkeseDasyngethéct bpenisyep, tyeawmibnt of

n e C that t 0001 | ane
t?% géﬂgia%l§ ?&dneﬁgs?%{é@ f %rgste%s 5 B I]i‘ir Phample
a(s008HYwipl dme hbgurk sappeatdsk d@bbs@@Noﬁatdcﬁfdisclons, is

openi ngs then reach a -

obtal q%f rowt h from unequal
gL Y SBLERSH. therselivon o e G it e piidice
d%%s%%ﬁ%&dsof Oghhe; bR ¢l s g{ek Pﬁ%l%t i P L0ffes

two separate grey areas in ring t
ahidr sinistdp oedar ksmgﬂr ey taprresd. dgsm»mn et byne t beidl pekterns,

I T X Tk TR

sdun patgeewsh (such that Nis at point 4 in

conf i guration. c)). Dislocations |ocated at t he,
exactOKi RPYIHEe @f ‘igure 11 diagrammatically shows the

'~ variation of the morphology during ELO of GaN when the

widths of the openings are unequal.
During the first step, growth .conditions are chosen

such that the (0001) plane is a fast plane. This first

- step terminates when thé.(0001)Aplane has disappeared,

‘all GaN patterDS'obtained'by growth from unequal openings

then reach a triahgular Section, the section of the GaN
pattern corresponds to the thlck black llne dellmltlng
the two separate grey areasrln Figure 11. ) _

During this first step‘(dark grey area delimited by
the black liné in Figure 11), through dlslocatlons are
curved at 90° when they meet the lateral facets {11~ 22}
during growth (such that N is at p01nt 4 in configuration
(c)). Dlslocatlons located at the exact ‘mid-point Qf"

small and,large opehings are not,éurVed (denoted M1 and

. M2) and. continue to propagate vertically ‘beyond .this'
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smal | and | arge openi ngs are not curved .(denoted. M

~and M) -and continue to propagate vertically beyond

this 17 first step. Similarly, if" patterns al'ready
coal esce.at this stage as 13 the case in Figure 11,
di sl ocations such as N and N' converge t owar ds t he.
coal-escence j oi nt (denoted C); and propagat e
ca b figs e result
R i N et

for di'e o

- Sdcomtasteems s whiec kvagreovitrh Faendid ilans deeeo&e@lﬁmedsuch_

appear . Thls second ELO step

~ "the facets (000 -
* a@oﬁ§| gf g %f( p Lﬁ?é’a{%e&et ak§ "By dEhahl ng It S@eéwen Jegnt -

(Mﬁ'iﬂécpr@l)to eten_;tgeoéageaeé O%Ptﬂeaﬁgysgyoﬁ& ARG Ehirse

beconmes conduci ve to -planarisation o at't erns.
shep.debles | bedulh WO 99/v9Bi6forhed dan tie ammlceweedof the

|t er by addlng magnesi umin the vapour phase, or hy
|ncreaS|ng the tenperature. In this second step, GaN

pat t @nnscnkb. sleveh@pstbb an eXRANST @RowE] &&ediefeﬁs ‘are
(0001) (which reappears at the vertex. of each

mesitder)y whie e favetSur {8881 bf n4wPHeser alhfacetesond ELO f

SHEYEnaiiS (0 HDEumas) MUY Ol N SO Mend "Growen

di Sl ocati ons M o
cphdlcaahesdemcehpngetaﬂﬁﬂ grewgh ianidwedaderab that it

. facets. 22} - pe (d configuration at
PEGPRES 2, Sidle Petita 931%1 Wit cRalt RaFtamans . As
.d&é@k@b&@dlhow® QU Avlgy e %ﬁu%pcdﬂ1ﬂe”§chﬁﬁﬁgﬁ Py by

the smal | nunber of type M dislocations are -not .
a@dﬁ@@dmagﬂQSﬁywnh@rthénwapdurIahgeenuwbemyﬁlﬁﬁréaslng

I d 3 h
chpecdiaboplions gee eued.g g neoLhe besg lane.

nteract and ca

- devklispr atesht hins bepansovh off t haedi 840cat i(@09.1andyhich
" the behaviour of type N, N and N' dlslocatlons of

r?ﬁ?@@arﬁpeﬁanJ%hesﬁﬁqt%erﬁﬁwg§5§n’d PpbéeTn) opehihgs the

. surface of‘ the lateral facets reduces. Due to  the

asymmetry of the pattern, the -dislocaticns M2 of the
small openings and CI1, C2 of the coalescence joints
emerge in the lateral facets {11 22} in .the type (d)
configuration at points 2, 1 and 3 respectlvely, in whlch
they are subjected to a curvature at 90°. In this
embodiment, the small number of type M1 dlslocatlons are'
not curved. On the other hand, the large number_of c2

type dis;ocations are curved at 3 in the base plane and

can interact and cancel each other out. Figure 12

illustrates thlS behaviour of the d;slocatlons, and the
behav1our of type N, N' and N" dislocations of large
openings, small_ openings' and . type cl openings

respectively that are curved at 1 can be identified.
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30 respectively that are curved at 1 can be
identified. 18 According to a second enbodi nent,
unequal . openings are .used differently fromthe way in
whi ch they are used in thel8irst enbodinment. Figure
13 il lustrates an exanpl e enbodi ment of this 5 second .
enmbodiment. As in the. first enbodi nent, growth takes

| ac p e
gond?}dlcgbﬁglmBE%C? 2, %%%togér;e%ondiﬂr%od msn%&iﬂﬁe%h rs?LgS :
aﬂaﬂua&ﬁrdﬂﬁﬁ&femﬂkylim@nchmépmayetm3wbtc@|ﬁhbyngréroﬁbd

.unequal openings 'in the mask have conpletely
q@%é@&%% 4&% % ©8thgl e pattern with a triangul ar
SeCt@Q@urEhQB'ﬂﬂfﬂ§3¥35§§*£@0@§ﬁﬁéf@ L8 LAnPeLE this

observed during the first step are indicated in a

- Seicand @abedmente in Figure 13 15 In the second step

gro ditio C n to achie I arls |on.
B e, N DS (A® SOty AR et B T hin
ogseypdashad birae dlllffEIr@blﬁ:e ﬁaltheI)tpgr@htﬂnaoNaltlons

di sl ocations are. curved for reasons nentioned in the.

descPibti 6ATof thhe fIcen@nifshafimentao thies £daehd step
[ t d e t e La_th
BaRavraer SPory Eeon A e EE Py st bt ink Epopy vnequal
opieslingat ilenshar enackr \kesdve atorpui atte 1y bocalssasedttd hferm a
configuration. On the other

Sﬁ&ﬁg tyBé%ﬁf&.y%&ﬁb. oné ar ELABRIBIRYed. S9ELEANA T.he ’-
ibherthearbodi e tieae HNegUahn OPENIIGR AR WSelhg _

- The previous two enbodi nents al |l ow one di sl ocation

fiypé: svepi arehéngicstednbodianbhackndaseilnline secBhdure
nbodi nent. These first two enbodi nents can be

‘conbined 30 into a.-third, so that type ML and type C2
can bot hhebeecond step, growth conditions are chosen to

achieve planarlsatlon by making the base ﬁlane C {0001y
reappear as shown in a grey-dashed line in FiQUre.ll.
" Type Cl1 and M2 dislocations'ére-curved for reasons
mentioned in the description of the first embodiﬁent.
This second embodiment is different from the first
in the behaviour of type M1 and C2 dlslocatlons Type Ml.

dlslocatlons are curved ‘at point 1 because, at this

. point, M1 is in a {(c) conflguratlon. Oon the other hand,

type C2 dislocations are not curved.
In a third embodiment, three unequal openings are
used. | |

The previous two embodiments allow one dislocation

‘type: M1 in the first embodiment and C2 in the second

embodiment. These first two embodiments'can,be combined

into a third, So_that type M1 and type C2 can both- be

_curvedd Once again there are two steps with different
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19 .‘gromﬁh»cond[tions; This third enbodi nent is. ‘
illustrated .in Figure 14. During the first step, the

. GaN patterns originating f#®%m' unequal' openings'

'01' and 02' coalesce to forma 5 pattern with a single
triangular section and M dislocations are curved;

. dduuweH Scdihe: seses asthhe St%qgﬁd.enﬁfg&?ﬂé@‘tisAﬁlﬁﬁggrétéd

sanme tinme, the pattern originating from opening

‘,ﬂﬂoéé@@@esdﬂﬁiciently far from 02, develops to reach a

tri l.a tion... The -end_of the 10 first step. .
col NP SWTER GOLA i PO prot  Fe SHORRC e hOTagbPaEARS

flrione - ineflgur eoddnihbss 015 bhe sere @szidecdinsd form a

..enbodinent profile. Gain joints (C3'in Figure 14)
Patderdyr veebtat 8. - 15ing four Ehiepgetik Freneecadpanetand i sMl
isRGroduce 5. duri J o . ' ti d.iJ
VRErsahaens, S g (AT £8 TR SRR A€ secona
eiblogivinpati. nAt t ldvesi demé oftittleg- thsubssttairer dutgh@ating
f%romﬁh with U/ _radiation so as to increase the growmh -
_ 8@e'8?e§l§9ngpé’fa Fetef fﬁegféc{ﬁnﬁiz}.f?ﬁ om0z,
delecbpiC td etsh &N aalisa-HerarR! | &d-+Ns{ pefdhcular aﬁ@ the
the direction of the openi'ngs. Asynmetry Is introduce
fimes SthRe GedwcH dswartlithy dotehnsyranet el let chleavn with
p ns . (ar .un tterns ta c ine effects nd .
DB EEI"E L ORGP AT R Y (ete P Bt

fér - coal'escence at” the

- emmbed2hehegipmifig eaf ¢heidi hetinssep)c3 bir | FegaRsi NQ.) aré

t he gromﬁh rate of one of two equival ent facets
CHEYE928C (Por exanple by illuminating the side of the
strugfurg W@ U a5 or i,ng; an '
field perpendicular to ?ﬁgtdirg§¥?§%§¥gf %%e fﬁgfééﬁééd
dopengngreyth30 Through di sl ocations Mlocated in the

—,n]ddﬁg ﬁéntigged in the introduction, asymmetryrmay‘élso,

be created by illuminating the sidéTvbf},thé:JSﬁbstrate¢

_duringrgrowth with UV radiation sd ésrfo'incréase fhe 

growth rate of a single family of facets {1-212}. An
electric field can also be appliedlperpéndicular to the

directipn of the openings. Asymmetry is introduced into -

“the growth Starting from symmetrical etched battérns {or

~unequal. patterns to combine effects), and after’

coalescence at the end of the first step (or at the
beginning  of the first step), by increasing. the growth

rate of one of two équivalent facets {11-22} (for example

" by illuminating the side of the structure with a uv

laser, or by applying an electric field perpendicular to

©  the directions of the openings.) .

30

" Through dislocations M located in the middie of the
mask arerhot curved in the first phase of the ELO, on the-

other hand they are curved at 1 (Figure 8 (e) .when
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20

mask are not curved in the first phase of the ELO, on
the other hand they are curved at 1 (Figure 8 (e)
when 20, asynmmetry is introduced into the facet growth
rate {11- 22}. The result .of0the asymmetry is a :
coal escence. joint that is no |onger perpendicular to
the surface of. the substrate, such that the -

ocat I ons

| a@?ﬁh%%%&'oarss'lﬁtr@&u@@é "Iy r%%g eﬁqe%o @l Qi together,

escence | ol nt

- 28ttop.Then tessl § odfit £hin awiymleth:lyer:es i3 obhbasaenoddjoint
one part. propagates downwards and _anot her part ,
tﬁ@g At B9 RECE PPSIDRRALERGE. CPnctls pHFEachedtf athe -

sﬁ@@@'ﬁra{:él %a};hatthat @Hé a&sleea*e%n@t %9te%0b¥\!ﬂﬁg EFfved'
openi hgs are etched directly in the Substrate nme

aﬁc@@rmlﬂfxn)tﬁ@eseebn@nvaMEamwahﬂﬁEenﬂaxndrnt Some of

r nat base .l aye be do .
tﬁ%qugﬁggggﬁ' |d§§§a5l8es éHIH%%V %6FWeq: Hsts
ofhen the fdidt ‘\said abheofpdihe qn&@%@%ﬁe% Yownwards - and.
i npl emented. Simlarly, this second variant may
aﬁ%@ﬁﬁ?ag@%ﬁ%lyP%QP$ﬁ4§ﬁ§t\M?qﬁﬁQﬁ%ﬂYUov@ﬁ@Pﬁwﬁh St epBhese
phgtg»megéta"§¥cgﬁ {gQDf ?ngﬁthhgﬁﬁ Ceﬁfvéaogé @@
descri bed above, in er wor ds
var i @henof thhe pp@@esgS|sa2@ Iﬁﬂkﬂﬂﬁht&ﬁrecﬂmﬁ in the

- oERSERFHEn Bty SO BRRTRS Ceni i « SREOPdaditig Aie Che

stépl IfoM ngoexatPbg @ff arpar tGa@JlJ' @és@”ﬁ%@;‘e‘f&%agf oeh€done
invention and the attached figures in which

upighr he rapresenndinions- ssepleptrtxgd abpigur am other
es a st in ste |taX|aI
f)g(?ger aﬁlﬁ%\?ler giff}lo%/w hfi{fgggu ém%lra\égcr ese]ﬁt s%§ sedod & ep
implamémbedt ep epitaxial |ateral overgromﬁh ‘

' Similarly, this second variant may advantageously

..comprise two lateral overgrowth'steps (ELO) that may'be'

done under the same conditions as described above, in
other words when the first variant of the process 1is
implemented.

The characteristiCs, purposes and_advantages of the p

. invention - will also become clear after  reading 'the

25

130

‘following example of a partlcular embodlment of the'

1nventlon and'the attached flgures in whlch

- Flgure 1 represents a one—step epltaxy}

- Figure 2 represents a first step in a two- step
eprtaxral lateral overgrowth 7

- Figure 3 represents a second Step in a two step -
epitaxial lateral overgrowth

- Flgure 4 shows the varlatlon of the structure

‘ before total coalescence . The dlslocatlons propagate

parallel to the base plane The dashed lines represent




" ‘represent

30 -- Figure 4 shows, the variation of the structure
‘before total coal escence. The dislocations propagate
parallel. to the base plane. The dashed li nes
represent 21 the different passible shapes of the ELO
patterns at the end of-the first step; Figure 5

shows a, set of tmo i mges of the surface.. -in.

o cked responds to '
e N s et omhehPb peﬁﬁesps i the
‘ &Tﬁ-’hg?ef répr esientts sa:e(%N surface produced accor di ng to

ocati on

t he” t wo- st epi-t rocess and part (b) of the image
sEelag Sur?lg%"és prodbeed ¥kcdr@i ngmeeest hfef the_ -,

" aneaep p_fzoceSéatH&@oplmﬁ\f@i@ée@éethe EacHBl Kpg §
| ONn
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- right facetr 4

20 pmy . Figure 6 represents 3 exanple conflgura _
SOF sAFRdShet @i sherasiion pfopagatesugh dmsenuatboﬂenwart

t.hat e ns. tric durin solid bold -

et 0 hea L ERe T REt T s ow b, positeans papauced

asum@cc@smlgveot itoes tw@f—stss pbaresyCpirdckal and. gé%tZ%i;) of
and (b'); gure represents the case

té’;? < die Dﬁf% ey Gwn%thrf%e Wé@@ﬁ@ﬂﬂhaoﬁomhng to

taed bhe-9pepi Mhedrave ST,

Figure 8 ré%rggenfs casggeof asynme rlcal % gro&Fﬁk is

2Fi gwe 9(a) shows a case of asynmetrical growth

~obtained when thg left facet gr ows faster that the .
nGP5San0T8) SheFerai §cBALf hpBnat ires in

whorh plhanes)s KfcEimret pyopdhd £k shacaty ans, ofd gldat | P4+

from 25 the opening of the mask are in configuration.

TERRipF caymeiris giivdmonementh deckidirisold | livesuty and

dEhHéHelgnég)tle§ﬁ5§E%wé §h§f§lonsoata§¥ccessfye times of
planes C in (a) andr(ll—ZZ) in'(b) and (b');

- Figure 7 represents the case of symmetrlcal

‘igrowth in Wthh the overgrowth of GaN and the openlng 5

have a common axis of symmetry;

- Figure 8 represents cases of asymmetrical

- growth;

= " Figure 9(a) shows a case of asymmetrlcal growth

_obtalned when the left facet grows faster that the rlght'

facet; 4 and {3 ‘and 5} have dlscontlnuous. axes (or

planes) of symmetry. All dlslocatlons orlglnatlng from

the- openlng of the mask are in conflguratlon.(c) or (eY

“at a glven moment . Curvature w1ll occur,'

- Figure 9(b) rrepresents a case. of asymmetry.
obtained by choosing an unequal shape for openings 5a and
5b; the overgrowths da- and 4b coalesce to form a ribbon

dct for which the plane of symmetry A4 ‘does not cornc1de'

“by constructlon_w1th any_of the other planes of symmetry

(Al, A2, AB).lAll dislooations originating from openings’
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obt ai ned by choosi ng an unequal shape for openings 5a
and 5b; the overgrowths 4a and 4b coal esce. to forma
ribbon 30 4c for which the g1ane of symmretry A4 does’
not -coi nci de by constructi oAZwi th any of the other
planes of symetry (A, A2, A3). Al dislocations
originating fromopenings 22 in mask 5a and. 5b or

irhata g1 cRagati@ Mer bk Cahhy ﬁ@@ﬁﬁga&.@evgﬁﬁkcﬁlyaggojvg i 'th.e‘.} -
T |- be .

configuration (c) at a given noient. ere w . ,
Mgk affr ;218 giRe aLidunatiapr edent ota Aaskiwen hmoment .

=100] direction w th unequal :

an B) and (c) represent a mask with .

openi-ngs alignget NO,t wa it yieo fdshd0sl 4ikeski onsh bphaHARgs -

1 repre nﬁ .di,agranmatic view of a two-step ELO =

%P&@es% iia fjpig FHR dehi Wykhi Mnesadaskidic wepRnings,
| mdths. T, | ‘ [ : hick. .

anaequal Mg (Lbj e Add STt STeRa48 o%p%?:lélgg% ség nd.the

bl ack I'ine and the second planarisa

tye. targadhed Ol ndirErgipest2 represents the structure

of through. dislqgcations in a GaN il ayer nade by a
~two-step Eﬁ&PrTngr&ﬁ%ﬁfsﬁﬁEﬁt?n&lPBSﬁWQ§§HﬁEWHQW_Of a
tepesitags ELThe15ReidONs ©f rt W0y PELERT BSer9aLESGed A | B9sx

the first step is shown as a white [ine. "Dislocations = -
witpvageqialogisgttds i Jdm i fieet ahepnost ppewht as a thick:
bihslogation .isS +pbser i n.-t.he .smal.lest_ pattern, The -

ThE o3t botnt® i STl Bl S g i ot oo
astepheéd shoen i n dashed grey lines. The type C

disIgcatigES'tha originate from coal escence joint -

are curvettapr9ol? 1981 ifeet € hP§rEaésre(pdi nthgugh
d28locations in a GaN layer made by a two-step ELQ

process, starting from asymmetric openings. The section

‘of two patterns coalesced during the first step is shown

as a white line. Dislocations. curved at -90° are
identified, and no type M dislocation is observed in the

smallest) pattern. 'The {11-22} facet that is developed

~during the second step is shown in dashed grey lines. The
- type C dislocations that originate from coaléscehcé joint

are curved at 90°then'they.meetrthis facet (point 2).

- Figure 13 represents the variation of GaN
patterns when the process 15 implemented adcordiﬁg to the
second embodiment described above;

'~ ~ Figure "14 represents the variation of  GaN

*pattérns when the process is implemented according to the

“third embodiment,deséribed above.

Example

The first part of the example has'béen taken from'
example 1 in WO 99/20816. ' ST
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- Figure 13 represents the variation of GaN patterns
when the process is inplenented according to the

'second enbodi nent descri bed above. . Figure 14

represents the variation of 2BaN ' patterns when the
process is inplenmented according to-the third
enbodi ment descri bed above. 30 Exanple - The first

- part p9f 4 o%%ﬁgﬁlevgﬁ%lggﬁnrtgkﬁ% %gh% reg%% %tlng at

WO 99/20 6. 23 . An appropriate.” ver | 1

t afyedriyperiat i mge&Eur&tndkﬂhemr@amkﬁ&&aﬁaltogpyrolys1s in

. | | our Phase i tax

VR TR g SRR Ry hde TaVem Of ck3Liam nitride
(depesi tBdcrn alsZOQieﬁ&sﬁ.ftQi P hicko 5@pPh 1 %O%Pgﬁ&ar Thecx

(0001), by Organonetallic pyrolysis i1n. Vapour

.Sﬁﬁppé%ﬁ gpb§@gg@e TRE0gal | bynOsgancmeitellic pyrolysis in'

BRDE iy L atUn L daCert be ol Aoaiib Sqhee s

texmethyﬁghaﬂlamnduﬂwmﬂs arshdds 1l | st rd@edhesgapce is
carrier js a mx of equal quantities of and N2 (4

2LPPRA R - MARMOAPSUREN5ddE8SERLBagRuahsapaeahedpi pe (2
sl Mhe SkbEEIALALR 85n&F§10£§r§£ eRL! A pbyLaver of

o ‘gallium nitride, Fcon nitride

i's d@b@sgﬁédanrKEithE @rmmmhcdh&mmﬂl dsynoetiés of H,
formed_in the di el ect

R bt 18 Sy aeos pRLopshi MysopRARES

prpeFlgusE/ﬁﬂ(a)) .The | i near openlngs are
advantageously orlented along a [1.0-10] direction of
. GaN After growth of the flrst epltax1al layer of galiium -

nitride, a thln layer. of silicon nltrlde is deposited in

the growth chamber Asymmetrlc openings are formed in the

‘dielectric by ‘photolithography, with 1 pm and 2 um

‘openings (mask in=FigurerlO(ad); The linear openings_are

advantageously oriented along a [10-10] direction of GaN

although the process’ described in this example can

~eventually be carried out for other orientations of

openings particﬁlarly along the [11-20] direction of GaN.
| Epitaxy is resumed on =zones exposed'uSihg GaN not
lntentlonally doped under. operatlonal conditions of the
first resumed epltaxy in the two-step process such that
the growth rate along the [OOOI direction of -GaN
patterns is sufflclently greater than  the growth rate

along the direction normal to the 1ncllned sides of the

- said patterns. Under these conditions,'grthh anisotropy

causes disappearance of the (0001) facet. The first step

in . use of the process terminates when the'(OOOl)'facet‘of ‘

the GaN pattern disappeare At the end of the flrst step,

the patterns are in the shape of strips w1th a trlangularrA




10

15

20

© 25

30

“direction o

nc
L s Condlo
--(@h@u&@OQ@» facet The first step-30 in use of the

al t hough t he process' described in-this exanmple can 20
eventual |y be carried out for ot her orientations of '
openi ngs particularly al ong the [11-20] direction of
GaN. Epitaxy is resunmed on 2énes exposed using GaN not
intentionally doped under. operati.onal conditions of
the first resuned epitaxy in the tmo st.ep process -

t 0 . '
ot 45, e st oot OGS L0 10102} or
{tlh-élﬁ)h}hedgpemﬁhngatm alheneatrhetdir Ei'.rlﬁ'i’@ﬂallgfs'iﬁllﬁiso were
the i i ned sides of the said patterns. Under these ‘

f aﬁﬁ)éﬁﬂsoPFOHQJ-éguses Yitshppeadiide gaze :

pr.ocess ternmnates when the (0001) facet of the.GaN
patt énR glesappeartsr Aonsistendbfreheniing stpstapy byheaN

h h f. st th t | '
ISR AE o IR LA A AR
- thhpe2alurer tof 11LOFE dependingiiny Wﬁ@?ﬁ@%r&ﬁelnntﬁéakorm

trips_ were oriented along [10--10 11-207),
néqgﬁﬁa§ﬂ%@ OFQ?@GW@tai}lCTﬁ@f@eéHﬁ@ngQp t@néhstsapﬁur

ph&SEN, NOrhEPIEARY PYoiFaNg bygHD éi’éﬂg L he. or 1)
PLofoghoX D 0l080

anlsotropy (by |ncrea3|ng erature to ‘
fayeaddrﬁgpnagnssuanwunhehevéntax obfa watntiG&N pattern

SEEER ) 6 CEDINGRRI) e vabpu plese) -,

| déaebp ﬁv@@hp%@{p%r%tlcirh%ﬁ/etﬁ@x(Qt)O@%alfa@%lep%tntde”bn the

obtained in the first phase. These N patterns 't hen
CHBVERBY. Wit ﬁeeszs‘ah@n obi othe hEl§ke1) Dhaces stlaem dasymmetry
he nt reduc |n t he f| anks
Ogsy&%%?ry%gr elF?iané ? D3t t et t 783 58?5 entPf“"m]‘:S
(bragksaﬂﬁngorfgomatdngfefé@ﬂTd@if@denpaﬁtéﬁﬁspat&éﬁléﬁcev
al esce efore total coal escence of all_patterns. In

bEFPES vE?F%ﬁt copteRReEr T 1 hbl -R¥BFeSRENCEN ZdNES (BT iant

thjRQaﬁﬁécen@ﬁb coalescence -zone (or the coalescence

- joint) of two patterns is no longer a plane parallel to
- the openings but is a plane . inclined at an angle
_‘determlned by  the ratio between the growth rates along_

‘the ¢ ax1s and laterally The second Step termlnates when

all flanks have Completely disappeared, the upper surfacel

of the dep051t formed by the coalesced patterns of GaN

 then being plane.

Use of the process according to the .invention as
described results firstlyrin_obtaining a plane GaN layer,
that can therefore be used as a substrate for the
subsequent deposition ~ of the componeant structure,
particularly the laser. diode‘-structure, by resumed
epitaxy}j but :also leads  to a very | advantageous

impfovement in the crystalline ‘quality of the- said

substrate The lines of dlslocatlons orlglnatlng from the




lO

joint) of two patterns.is no | onger “a" pl ane paral | el

| "to the openings but is a plane.inclined at- an angl e

20 determ ned by the ratio between the growth rates

“along the c axis and | atera¥?y. The second step

term nates when. - all. fl anks have conpletely

'-dlsappeared t he upper surface of the deposit forned

,sbbgba@n@o@a@@q@/eaatﬁﬁgf?a@ Gatbifienobeh 9o 9! 808ned5in

Use of the process accor to the invention as
tbés&aisﬂfed"@’r@éltﬂatlslﬂ iimstilye @%@@@% apeatelabe thn first

:slt%éer By N3k 7L tf'%?{n%{ 0L, pe ﬁedd%l%ag‘é ghr ats efsogare .

subsequent” deposition of e Component st ruc
cpavedcaltadly - hea. kasend dteﬁe structure, by resuned

30 epitax but also | eads to a very advant ageous' )
i mpr by EHERt 1% t NP st &l | Méﬂhuamwl%l%e edgrpronic

m%HQ%EEéb? Thggd i ngs Eﬁed'fﬂ§é¥“'ﬂmw% O @k ALy NG oM he
he 25 Subjacent GaN l'ayer propagate through openi ngs

dﬁ@ﬂn@dtllnnsh@nmskumdl eal 1907 nabohe patcheroercitent eden
n the flr S

thPyl dBat oo nbal b o eLavEkbd: tRE0 SR N e iy Wi, can

- eEtgpee é% mhey ogeeEnnitRge odi stiorat | gRswah e pheye are

meet facets shows a high resolution electronic of the

'_drta%:eiaai;he§505#a%e@flw‘%%elncLﬁhﬁedcwﬂt% aﬁoxﬁ@%a@ﬁsk _
n n r t
DOEEELDS RS SRR 1m0 M e s DR EERL <

thesboc@ticensft hat nasgedaGeNi havae. centre of the mask.
Defect |ines then propagate al-ong directions paralle
to the surface of the masked GaN | ayer.
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26 CLAIMB 1. -Process for making a filmof gallium
nitride (GN) starting froma substrate, by

deposi ting GaN by vapour phase epitaxy, characterlsed
in that the GaN ‘deposit cofPrises. at |east one :
vapour phase epitaxial tateral overgrowh (ELO _
step., and in that at l'east one of -these ELO steps |s

. preceded by etching of opemangs: either.in a

previ ously deposited di el'ectric nask, -~ or dlrectly :
“in the substrate, 10 - and-in that 'an asymetry is -
|ntrqdu% tijon Vi t | .
one of TRacBRE sTobs NAtARE! OTELEH BRI ' Aderaae
pm$E|b$Eanwn®@rfmbm ‘th sksobatirane, cumwadepes;t$ngcekﬂq by

" curved djslocations do not' enmerge a the surfac
V@WQUéaNPFw@r ERIES R ol SRR STE s o dits PEE oibeng
-d@pUsllm SbmSAl $é ymai t 1hder G20y 860 dIgIRdD € @‘t@x}:/.al

1, characterised in that asymmetry Is induced: (1)
legeyiedg Qyregwrewdr afffi@r SSbe}pheandy iappihatngt aheast -one
lectric el end|cul romﬁh axi.s
ng% ylﬁgEébnagﬁgflc fPeF&ea BYIgﬁﬁgpr u0|n8eﬁﬁngs
radi ati onedathée2) by nakipgwpeniings dusidds iteequalelectric

"~ widths or with cause. preferential growth of a
- ma$%X,22}, or by illuminating using a about 170 to 400

hm Lo Sb?%@gééﬂgylﬂftfqéc gsg_ﬁgggequal geonetry,

either in the dieleCtric nas iréectly in the
'substndt ein t ¢hayppl §ngemmwimd trshapesinoroduced into the

~dislocations enviromment during one of the ELO steps so

as to cause the largest possible number of dislocation

curvatures, since curved dislocations do not emerge at

the surface of the GaN layer thus obtained.

2. Process for making a film of gallium nitride GaN

'according to claim 1, characterised in that asymmetry is

'induced:

(1) by varying growth parameters elther by applylng

an electric fleld perpendlcular to the growth axrs, or

applylng a. nmgnetlc field, or by 1llum1nat1ng u51ng‘a

lamp produCLng ov radlatlon at about 170 to 400 nm,_to
cause preferentlal growth of a single famlly of facets
{11-22}, or

(2) by making openings with ﬁnequal widths or with

IUnequal_ geometry, eiﬁher in the dielectric mask or

directly,in the substrate to apply gecmetric shapes to

the GaN patterns to facilitate the curvature of

di516catiohs; _ | _ ' - o
3. Process according to claim 1 or 2, gharédteriéed

in that asymmetry isvinfroduced by making openings'éither
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the GaN patterns to faC|I|tate the curvat ure of
di sl ocations. 3. Process according to cltaim1 or 2,

: characterised 30 in that as¥nnetry is introduced. by
" maki ng openings either 27 .

the dielectric mask or
directly in. the substrate, that are adjacent,
unequal and asymetric formng a basic patternof a .-

ipefhedids eneltetile, make'orbasirecpatt ehnthe. 6ORBELSERY Bhat

| east 2 openings.. 5 4. Process according to claim3, .
a&Rar adi @Fp8Ed |W¢mltlﬁ3@dopéﬁh’ﬁ@§tﬁi£@ |forsing a basic

p'%%%%%”s'o%r'%pglg&?l%lé g%r{t&'o gt 1-on.af tﬂ?&ézﬁ pattern

openi ngs OCESS accor to’claim 3

'_coh@rasheglsedleaettﬁeopehuQQBc net work extends -along .

the [ 10- 10 10 direction. . Process according to
any One 6? EFSi ACORH Y t@hé?%%t%rsseé’Q¥§QEﬁrlsed in

tﬁ@ltt aal obahehgk oyeL 9noweh (%@agcﬁﬁep( %rllaﬁgiéée)or a
made.. by vapour "phase . epltaxy fromchlorides, :

ChmbnﬂdésopréEﬁhebﬁ Gpgamowbtalllc, 15 pyronS|s in

h Epi o
Vapodr BPERERSPeFh B EE, il T fo! ChapSoRiiifed

el aitie 1 geriGdicChatasien Se&(ﬁéhdshatalchﬁg epthaxi §10-10]

|ateral overgrowth (ELO step(s) are done al ong one of
diKecEione1l), M1- 20 100), A(11-20), R(1-102)-
S(10611§r88gs§(%tc%&b;%&aqﬁ§ QB %%% %Hpstigiﬁs 8 to 5,
Process according to any one. Fainms 1
cbharattelssdd inn theat éﬂmt&xﬂﬁmrkﬁteraic@msa@rémbM1(ELO)

_ apphire, no, . H .C, 4H Si C CSi C
SAPRL A (Sasf | AGPOUE PhEES oFSERAYY. £rom

cR1eeegssaccondi nqlst&rﬁh@ m 8,pvafiar, act B/l Se@rganoiqeg&lllc
the substrate is a sapphire subst'rat e.

‘pyrolysis in Vapour Phase Epltaxy (OMVPE), or by CSVT-

(Close Space Vapour Transport).

- 7. Process according to'any one of claims 1 to 6,
charactériéed. in  that thei‘epitaxiai lateral overgrowth
(ELO) step(s) are done along one of the C(0001), M(1-
100), A(11-20), R(1-102), S{10-11) and N(11-23) planes of

the substrate.

8. Process.according to any one  of claims'i to 1,
characterlsed 1n that the substrate is chosen from among
sapphlre, ZnOr oH- SlC 4H Sic, 3C SlC GaN AIN LlAlOm |
1iGa0O,, MgAlQ4, Si, HEB; or GaAS ' ' _

9. Prbcess 'according- to claim 8, characterlsed in
that the substrate is a sapphlre substrate.

10. ‘Process acccerding to any one claims 1: to 9,
characterised in that the gallium nitridé is doped during
at  least one‘épitaXial lateral growth in vapour phase

uSing a dbping stbstance that can be chdseh'fromfamang
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. characteri £6d°Pn %F&

10. Process according to any one clainms 1. to '9,
characterised in that the galliumnitride is doped
during 30 at |east one epitaxial lateral growh in
vapour phase using a dopi ng28ubstance that can be
chosen from anong 28 magnesi um. zinc, beryllium

“.cal cium carbon, silicon, oxygen, tin and gernani um

ma%%es@ﬁﬁg?Sﬁiﬁégorgéfﬁli9uﬁpy 6g¥bfﬂmfﬂEﬁé?%dh,toségicon,'
-characterised in that” an isoelectric inpurity such as

okiygengctigbang gegmeptivoduced in the galliumnitride.

12. ocgss_according to any one of clains Ito 11,
char dCef et B Re Shei e St hethe i ' 50 10,
ctibebeckiigedmsk. thdt Bhoeesslaceidi Agiphest¢l 8lbhlds In,

~ characterised.in 1.0 that before deposition of the

S@ir eFlet Piic ifndREIradggRdbase thpagal liymnadérhjevapour
phasesepk r id drigde v+ QY71
O gt ot pe o pdPsPoatnl Eh A JHoECoIaiERy 8V,

cheWwkPErrieedbyi&SVALEE osles SpapeVapourarelr anspedt ) in  a
-14. - rocessﬁgccording to claim13, characterised in.

AL REPCERLCf BARELi on of the GaN base |ayer conprises the

fol | owi nPr&etens: adepesihiyon Ofc1siild PP, Nkkikdec dhifed@ in
thi ckness approxi mately-equal to one atom c plane, 20
thafiepeépPrpofieppsatCan baf the Hagéectrhcghasbnpar Gelirbase

ali.n ' 950.,and 1120C, sugch that.the
lgggﬁe%glg§§% 2ﬁéﬁ§%§’ﬁwﬁ%§f%xﬁﬁ%¥ﬁ%%s ?%@eeﬁ}%rbdes and
hddstdasi nuer )l ,ayey fargeibMftGaNc ppi/ternsikn irhevapour
formof islands, then, 25 Wdeposition by epitaxy of -
Peafe 51 roced@MVBE) mal@thgP¥ fGIYR of CYapri (R2GHA t YRERUT
rfGaboaegording to any one of claims 12 to 14,

.141;Process ac¢ordiﬁg to claim 13, characterised in
that‘theiformation of the GaN base layer comprises the
fo%léﬁing stepsﬁ '
| - aepdsition lof Silicon nitride with a fhicknéss
approximatély equal to one atomic plane,

—'deposition of é GaN buffer layer, - |
~ high temperature‘ annealing at between 950 ‘and

1120?C, such that the buffer layer _chéngeé' from a

‘continuous_layer to a discOntihuous layer'formed of GaN

patterns in the form of'i51ahds, then, .
~ deposition by epitaxy‘of Ggﬁ;
15. Process for making_ a film of galliunt'hitride

(GaN) according - to any one of ;laims 12 to 14,

éharacterised in that the process comprises two separate

vapour phase epitaxial lateral overgrowth (ELO) steps,

rthe GaN deposition during:the first step is made in the

‘GaN zones lbqated in the.openings, and the GaN deposition .
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characterised i.n .that the process conprlses t wo
-separate vapour phase epitaxial |ateral overgrowh -
(ELO steps, 30 the GaN deposition durlng the first
step is nade in the GaN zoa2s |located in the

~openi ngs, and the GaN dep03|t|on 29, durlng_the second

-step leads to lateral overgrowth until' coalescence

- Rfrithe 1@aN patder rsteplfilef&@cséslsﬁe%@ Bgekgroﬁkﬁi fhtit

15, ,characterised in that the GaN depositi duri ng
qoRd estiense stfehies Gatlde=ttemder growt h conditions such

t hat ,t.he h rate_al.ong .the .. <Q00 ecti .
greagt6 ?%O%%%ﬁeaFg gﬁgpg (ﬂM?&aP%tég'aﬁ fﬁ%gﬁﬁiﬁed in .
ttheposttié ogand Wdptgs ittiers e@@ﬁﬂnét efhd Sfipmde s*&@@erls made"
nmodi fied experinmental conditions such that the
UpgﬁérﬁrQﬂﬁﬂm¢PW@&¥9QQ§g$@%@eﬁhﬁﬁa¢hﬁugiﬂwﬁhrﬁ@%@ealong
(0] t t
T SR e T hE it ¢ draared? i B! et grpyen
reltai, maksi thar&aNeﬁepasﬂtloﬁtﬁMriM@ nhdi foegatdonsted is
a lateral-growmh rate

- the graowt h candi.ti.ons to,obta
l mﬁ|ﬁhgpg?ﬁaﬂogﬁglﬁgoﬁfﬁeFé@@nﬁﬁgnﬁnglFEQRQO B¢l that the
ldieeatli eroGORSkaEs 95 gddhngrMBEARSLHA gr@m:h”l?ﬂi’eoélong |

bi smut h. 18. Process, according to any ohe of clains 1
thg £P001ghatiaecsioseda ms Har dies bpefithsceabescence of
r ched in the substrate. 20 19. Process
tg%cggg%égﬁ%é claim 18, characterised in .that this ,
process pPsotepkenentedingceer dilngnt o ®pecRitOnedrised in
onditi-ons. described in claims 14 to 17. 20. Gl |l ium
ﬁf"Fr te oot Craradr & S i IHdr Fenditkgnpeto obtain

aoqs%b@%i‘ﬁ?dﬁ%ﬁifH§§e§§gﬁ&foEﬁngtE% PWovIE Plte 2310ng

clainms 1 to . 21. @GllTfumnitride fil'maccording to

'thalﬁﬂ2@1> chamatu@mlse¢m51sﬁﬁu of ha@danghlmk93851um,

anglmony or %1smuth _

18. Process accordlng to any ‘one of clalms 1 to 11,
characterised in that the openings are directly etched in
the substrate. | | |

19. Process according to claim 18, characterised in

Athat thlS process is lmplemented accordlng to operational

_condltlons descrlbed in claims 14 to 17.

20. Galllum nltrlde film, characterised in that it

- may be obtained using a- process aCCerding to any one of :

claims 1 to 19. |

21. Gallium nitride film according to claim 20,
characterised in that it has-a thickness of between 1 and
20 pm, |

22. Optoelectronic component, characterised in that

it is made from a GsN'film according to’ either claim 20

or 21.




20 pm . 22. qO't oel ectronic conponent, characterised: " -
inthat 30 it is made froma GaN fil maccording | ‘
to-either claim20 or 21. 30 23. Laser. diode,
phot odet ector or transistor30 characterised in that it °
is made. froma GN film "according to either claim?20 .
or 21. R 3 ' . o o
' 23. Laser diode, photodetector or - transistor,
characterised  in that it is made . from a'rGaNrAfilm‘

o aécording'to either'claimrzo or 21.




