24 January 2007 1 METHOD FOR PRODUCI NG BY o
VAPOUR- PHASE EPI TAXY A GALLI UM. NI TRI DE FILNYMVT@4g9m%y2mn
- DEFECT DENSITY This invention relates to the - I
preparation. of films rmade of galliumnitride (GN)

with | ow defect densities by -vapour phase epitaxy. It

al so relates to optoelectronic and electronic 5
conponents nmade fromthese galliumnitride filns. At

the end of. 1995, the N chia Conpany nade a | aser .
diode fromIl'l-V nitrides. This result showed that it .

is possible to.obtain a l'aser enmission froma

‘het er oepi taxial structure in which the dlslocatlon 10
density was as high as 108 to 1070 cm 2. At the ‘end of
1997, Nichia denonstrated that. |aser em ssion.for

'10000 hours coul d be obtai ned provided that the

structure of the laser diode is nade on a good

quality GaN |l ayer. This requires GaN | ayers produced
using the ELO 15" (Epitaxial Lateral Overgrow h)

technol ogy. Although it has been asserted for a |ong

'_tine that dislocations in GaN do not behave as

non-radi ati ve reconbination centres, it has now been,
simowort FeiR SROBUCTNG @yat/ia@us RMEHASE $PTEWXTO0 RPGRAGLI UM
actually |ntroduce 20 non radlatlve centres and that

t he conpohddRLpa ; § 3N RTECT PENPITY are very
much better on a better crystallographlc quality
structure. Thus,. the life of |aser diodes based on.

'III mhlmlunvdetdepenedaﬂealtaltheomﬁdpaﬂmeﬂamxﬁfoﬁllms_

nS| y i GaN | a er on_Whi ctu s_are
nS§ Y gk Yiotie afCENe ﬁf%n ot et ggns_ltles |

by wvapour phase epltaxy

It also relates to optoelectronic and electronic
components made from these gallium nitride films.

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

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

possible to’ obtain ~a ° laser emission from a

- heteroepitaxial structure in which the dislocation

10

15~

density was as high as 10° to 10" cam™?. At the end of

1997, Nichia demonstrated that laser _emission for

'10000 hours could be obtalned prov1ded that the structure

of the laser dlode is made on a good quallty GaN layer
This  requ1res GaN layers preduced ~using the ELO
(Epitaxial Lateral Overgrowth) technology |

| Although 1t has been asserted for a long time that

dislocations in GaN do  not behave as non- radlatlve
‘reCmeination‘centres, it- has now been shown that some

' dislocations' with a screw component actually introduce

20 |

ﬁohfradiative centxes and. that the»cemponent‘perfOrmances
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. obt ai ni ng heteroepitaxied GaN wi t h the best'poSsibIe'
.crystalline quality. This iis why the ELO (Eplta'>§'4a}jﬂ1 2007
Lateral Overgrowth) technique has been broadly vaty <7
devel oped for GaN with a Ié?ge nunber of variants. 10

-Since solid GaNsubstrates are not available with a

satisfactory surface and in sufficient quantity, 111-V -

arese@dryi inuiche bearpenent S afee:ﬂmderkyxstrathgqe@m@%mlty
substrates such as sa Si C Si or other. The -

phire .
SEINGIHOEE -t JHUSat Ityh%sjg’df%sog Laperraiedgsebanst I@@vélé v

‘_nﬁ%rﬁb%a%%%%nﬁlaQﬁu ;ﬁrg%l@ et5§slbgﬁﬁlbﬂsg %%e;n

structure based t axi eéd on sa

- GaiNf flagelrs to whkehrstractumgsfametmadéurthernDre the ;

use such a e wth a msmtch

e R e st e G opadeg T EhS ombBERt: Ak S pfed at

obhah ARhgeXRapseBp 9LARE abescan Vel ahdi 06at iBRsible

density in heteroepitaxial layers of GaN / sapphire.
Ké@@ OQU@hetYechﬁhi©gylSthéudeﬁsmiyE@D dXpetaadal

fEtsGaNanﬁhsaplapggahﬁmbérthe gaeWahtsdi rection and
ener e on the surface where they can. be identified -
gbﬂ?% BBl ég ﬁﬁyr§§aﬁ5;qpqﬁwaqﬁ not available with a

harnful 30" in several respects i rst
bdeﬁdlﬂwivnnke cbhannénkleﬁmsnn@ﬁe de?e@biaﬁaypmﬁaxy on

d .el ect erties
SRR et EP R AR hn Ay | R, DS PEOPeLy S8 they.  The
s%pﬁﬁlﬁé egphicans)y Fmuddessore 418 EmIgensss Ohosunfare a

sl ocations results in a surface' depression (Heying

‘cpgavage plane, whlch 1mplles that in a ‘laser. diode

structure based on GaN epitaxied on sapphire, it is
difficult to make reflecting facets. |

Furthermore, the‘use of a substrate such as sapphire -
with a mismatch' in the network parameter and the
coeffieient of‘thermal expansion_generates a wvery high

dislocation density in heteroepitakial " layers of

;GaN / sapphire. . ' ' ' ' o

: Regardless of Vthe‘ technology, the _deﬁsity of

‘extended defects' (dislocations, Stacking - defects,
inversion domains, nanotubes) does not _drop below
5 x 10% em™?. Dislocations - propagate in - the growth

direction and emerge on the surface where they can. be

identified by Atomic Force Microscopy  (AFM)  or

CathodoLuminescence (CL). These dislocations are harmful

- in several respeets‘ Firstly, with a high density'fmore

7‘than o= 10B cm }; defects degrade electronlc moblllty :

and electronlc propertles (photolumlnescence 1nten51ty,
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al ., J. Appl Phys 85, 6470 1999). In a | aser,

di ode, structure based on GaInN mul ti-quantum w n ﬁmyzmw_

(MM), the .5 di sl ocations di sturb .the order of
and ‘cause non- hom)genous I |3ght em ssion. -Finallly,
"metal s-used for pure resistive contacts can al so

.jdlffuse t hrough these dislocations and nanot.ubes. y
: l@f%fQﬁEn&aﬁﬁiéﬂsba|Fu&@h@&ﬁbr@VQﬂﬁ{Q&ﬁ@ré@ﬁ@@'gﬁe%urygce

have been. devel oped for inplenentation of ELO

dpppcatipas desWegoukn . apmmniagnt@s@qesa;O@y BRVPEg et

AL POVEBL | SrYRPOTe NS SR, Fh X PEsEOUiode

subllna ré pred

"ssmaceuVap@ueedTmansaﬂnnaan@léi ~fhSEehh aRedus VHQWQW;Sthe‘f

hout ,mask for 15 exanpl e using_etched substrates.
dAFS OahkiRBSyHF FHP obPai RTERN |2 MW t IRIE sFRase i Han~

hesegbhbss 9fi @S bl g%péml% no%fOfH?{% S%EQd %8? 1@re

usi ng tne stan wever,

- replibtéwe | atertacm asans - allsber ehifmmet hetmmlng\lml ogitese
g ones rega g ghl ch 20 the dislocation density
‘ FéﬁﬁFﬁﬁlﬂpahan B#8°6PEhFngs and coal escence j.oints.

in aDiEﬁ@ﬁ@h@QYeﬁ&takiﬁuiﬂlaﬁﬁﬁblSt%ﬁerg@bw&%ﬁ'%é@ﬁﬁgéues
joints-and in_the mddle of openings in-a two-step

hﬁ@@hh@PBgQQVﬁlﬁﬁﬁdhfarfimsﬂesﬁéhatsonaﬁfl5&0®ui) by HVPE
it op fter Skl n an
gg@??ﬁ%l ng a%ugfec?%&?cé%]ayeg g%% ¥i tular y by SMVPE

phganbMehamaphy\)’ap@uf orrhd des esaiakyopeniangsbiyol bevedo-
a second Epitaxial Lateral Overgrowh (ELO) step

: Svﬁlﬁﬂ?EhOH PRLBPEF BFBGERCHY @ﬁETuﬁ@%.%lpyed%sesetﬁapour

T%ﬁ%&éﬁ%{\;ﬁéggr ﬂg?rt lIof qﬁgwg%trdollv?ﬁ h teaﬁﬁt%aoWase for
ébampiganuﬂaualKﬂmﬁ&mbusubbasatEpltakyl(GNMPEkmusuBgda to

g§§ﬁ€%$hf%%%$g Q??ﬁbgfglggé 1g§fég§gl EQSSgPp éég than
107 cm™? compared with- 108 to, 10 using the standard
technology. 'However, as we will see later, and as is
inherent to the technologylused, ZOnes remain in which

the dislocation' density temains high, above openings and

~Coalescence joints in a technology with an epitaxy step, .
-at coalescence joints and in the middle of openings.in.a
two- step technology in which a flrst step is carried out
' to dep051t GaN by epltaxy 1n openlngs after masking and

_etchlng a dielectric  layer (partlcularly . by

photollthography) to form these said openings followed by

-a second Epitaxial Latetal Overgrowth (ELO) step in which
‘lateral growth of the initially deposited GaN patterns

: contlnues until thelr coalescence

One known varlant of the growth technology is basedt ]

on Organometalllc Vapour Phase Epltaxy (OMVPE) uSLng a

,_process that has now been well deflned (on sapphlre)




4 surface treatnent on sapphire, Iow'te-n'per‘atur'e

nucleation of a GaN or AIN1layer; annealing of tﬂlﬁ%a 2007
nucl eation layer until the final growth tenperature umy
and growth of GaN at high téenperature (1000-1100C).

Several technol ogies were 5 devel oped to optimise this

' heteroepltaxy and to limt the dislocation density |n

"S%Eat(%laf ouz et aljoq18 SE[I)%% lxelﬂoail %%%%% tion

of1898pN )érHZ—WN éiaﬁmr,, bpmahlﬂmolof thiyes nuddBatithd8 ayer

| ' | eat I
 ohbader b bael, JPBHER, BopRioEES (4 GFRpCHcOFolaN at
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hgke tampAldd t dray 1 ol M@l *tg TP elAatd =8 d%ﬂd@ie@aweren'

i s deposited. However, the dislocation density
degraPRedafer eptamisey thii s m@eam@at@fxys amdl@t& drima the

s ed .abov pi t axi
d%\%?‘:’gg%\mo% E{as‘iq: d irs %‘?l a?\l?g JF §ne18f
(bbaleﬁaehceel €&F anis1aatkodse Ot;a[\]?dt&@af‘ﬂoﬁfle i sypcat A@ﬁl
denS|ty by several.  orders of magnitude, in ot her’

PREF ds LE& - ess/ 31t Hed? Sabol98107 % Hu 28t Th: f dPhovik ndppl -

lpgggcrl Bes ﬁ%\g,ggef (§9bsh bnes propagate in GaN firstly

he ELO process with one-step epitaxy is used, :
and Seeondw whepetatuteonsicdeapriecessaysr uded,no t donger

d dth 25 On t t
NEFGREREYTHE (1 SheptPe. (o 10 (3650 ALP) (61 Wakerarbf ALN
1608rort %ﬁgﬂbsﬁéﬁbéraQBQea FHRIRCLERE TRSK {S EQ??SJ.ted

deposited on his |l ayer. The next step is to perform
HBH%?@Frthb@rdpﬁ%OC@ﬁlGDedengstynremasnd|eppcbxamahakk of
t afkysdef ed di nensi ons and :
tl\é\%yg%&%foé%aph%cigrl Eht ati ons. Epitaxy is continued |
on Gidrspyerssthysrgyeapar®d hbibkstd,y | Bptikexial 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 1less

than about 107 cm™2

The followingldescribes how defect lines propagate

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

is used, and secondly when. the %wo-step proceés'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 openings in this dielectric mask with clearly defined
dlmen81ons and crystallographlc orlentatlons Epltaxy 1s.

contlnued. on GaN layers thus prepared flrstly 1n the

'ropen;ngs, thlS resumed epltaxy causes lateral growth of




-as the-initial compoun _ , ,
-dpafloeans.on t kieasliow dbyl osatvieanldensiderscoalfes gagranthde .

openings; this resuned epitaxy causes'lateral,gromkh

- of 24 January 2007. 5 GaN crystals which has_thez4kmwﬂyﬂb§. 

effect of reducing the - dislocation density by sévera
orders of pmgnitude.. Through dislocations do not
propagat e above the mask. However, GaN that is
epitaxied.- fromthe openings, 5 consistent with the

da@]i t ic@ys@adl}l's ﬁ%ihqtﬁ%i 'nﬁg.%hg l}?lt%hne efdfie%toc%tfi' orfrel%r&silntgy " the

ernore, l|atera

. i the,initial. GaNis in _a npsaic pattern, the _
. T;%:Eg(k:?%‘d‘i s Loeations | E2dsPPb  PTRABH i BROXShi ighe 10ask.:

10

15
'.‘Zhagg a substrate 1. A mask 3 (Si0O;, "SiN,, Al,03, W, etc.)

20

25

néi;shegat | eandensidy ik the,ce f@clﬁe.n?.?oﬁ" aEﬁePf'lag%t%gngs,

coal escence joint. Consequently, 1t Is 1npossib

| capeisthatenwith subné aciez:ti'tioahnarﬁnaﬂﬁa,c2I urzel roptios e ddheonisame
. s if a.one-step ELO.i . Fi 1 :
CBRTRRIETLS, Lol R R Bkt o B elgnomore,

1pEeeass paAteaNsl ayeh iz 1Pl t dxkedchiEadh bashst 8yeboaZksce
on a substrate 1. A nmask 3 ('Si02, SiNX, A1203," W

- apfle. pince tHem dBpbiniefalbyiovin PAGYSAaicatpridiern, the

- tta| . L Lat i i ngsit any.oiher - . :
wERR e B0 enfUBL 4 80ds | e8] L8 (Y RaRine ¥ fhl Ry shion
dbglphatdbint hdgnapty, 20 alleng cldardoemtef | pedne or the.

- crystallographic directions and wth approprjate
AP IERSPBIE,

RSPBIAE, JPAPTexSRBFE M Pldperitngss SERRTIIRAE byo 7use
£RE1 2l efgibe [dedOULaNG | crbhoacHien Codbegoutlrbiic

resuned, the deposition takes place first

 C©®Eﬁhﬁ§§S5iftheﬁnea$%$alE@Oabaveseﬁep mask 4. Above 25

t he ni.ngs, GaN in epit.axi contact: wi-th .t he '
subs??g & mai nt %%ﬁ?q¢h92%ﬁéﬂ%¥feésoﬁénsi %as PRE™STeP

epasexyl pyeteds. Thechlatkyéines &pithgued lcERPEESENMayer
di slocation lines. The GaN |aterally grows above the

~1s then deposited (by CVD, PACVD, cathodic.sputfering,

sublimation, in situ CVD or any'othef deposition method}) . -
Openings are formed on this mask by photolithography,

along . clearly ‘defined 'crystallographic directions and

with apprbpriate dimensions, for example 3 pm openings

Separated“by 7 ﬁm along the [1+100]gan direction. Whén GaN-
gfowth is resumed, the deposition takes place'firstly_in
the openings 5, then 1atérally aboVé the.hask 4. Above
the openings, ‘GaN in epitaxial contact with - the

substrate, maintains the‘same defect density as. the base

.._léyerl 2. The black 1lines in 'Figurel 1 represent

30

dislocation lines. The GaN iaterally grows above the mask

.(overgtowth - of GéN 4) . 'Through dislocations do not
 propagate in this zone, as is established in ‘the étaﬁe‘of 
_ ‘art. However, a coalescence joint 6 is formed when the

 th.iﬁteral évergrﬁwth.ffonts join'in”the'middle of the 
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:'dlslocatlons at 90° as 1llustrated in Figure 4.

30

. (overgrowth of GaN 4). .' Through dislocations do not
30 propagate in this zone, as is established in EQQmmmyzmn
state of art. However, a coalescence joint 6 is
formed when the tWJIMerw6ovagrthfrmﬂ510|n|n-
the m ddle of the 24 January 2007 6 nmask. Thereforer

t he manufacturing technol ogy for a laser = di ode ‘on

HARCMUe o, RSSO0t LT85, O e

' dapdev engrawt RL.2osebstralet \mmemm eslsencerpaulites a

ontgct_.with.the substrate,

d th i.taxial
. an ; zorgmé) %Pa?t%?reﬁgepldéé}d?l Sors oA o ries  bp b |
m@ﬁ@ ohU6vE%@r§b%H ©Bhbaxy’ p%%%%%%nlghghb%ai@%b@ﬁke‘§01nt

an inprovenent to the one-step epi taxy process.

. agRoviFheli agnanmen | eRibpxiialFi gemieact 2wiBharithe. sEbg[ttn:e$e,

B atet G5 R Th AT afRen "%gélsﬁékiéspﬁttax {55t P4 gne

- pmeference 1, an in situ deposit of. SIN is made (masks-

3), and opentngs 5 are then etched by
~photolithography along clearly defined

rebystabl g aphi ¢ 4L gtlons The final step is to,
rstly-leads to selective

' ep| t8ial overgmbowis 6. arQO Jmlprm@ntelm f itbst thesuord-step

rowt h nd|t| : d usted to obtain, a

RS prieRS 02 S Wbt { Fbgures

2| agegal growt-h rate such that overgromth in the form
of strips with a triangular section with facets
{ 11-Ppyures obt anded. areea@@bﬂm@ges of oPBowshi s

3f§|§g§§?on§l£?X 88as | uree £¥§gﬁtgétgeﬁ?e'2 on a

A-sapphlre substrate reference 1, an in situ deposit of SiN

is made (masks 3), and openings 5 are then etched by
photolithography along clearly defined crystellograﬁhio
directions. The final step is .to  resume growth which

firstly-leeds to selective epitaxial overgrthh 6.

During the first resumed epitaxy, growth oonditions

~ are adjusted to obtain a higher growth rate along

direction'<00012_than the lateral growth_rate, such that
overgrowth in the form of strips with a triangular
section with facets {11-22} is obteined The advantage of

this procedure is to induce curvature of emerging -

- This dlslocatlon curvature is explained by enerqgy

considerations. The force acting on a dislocation line is

the sum of two terms

- one makes thlS llne curved so that 1t remalns :

‘tnormal to the surface,.
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Thi s dislocation curvature is explained by energy

consi derations. The force acting ona dlslocatloQ4ﬂmﬁiymm7 Lo

i's the sumof two.terns:. 30 - one nakes this'|I
curved so that. it remains formal to the surface 24

- January 2007 .7 - the other tends to align the

di sl acati on li.ne with the. Burgers vector (to i ni m se
the dislogabi Qftnd:Or FBLAONLENEIAYL diRethE Beon - 13
step, the exper|nentggﬂcondltlonﬁ%%re S%8$8 gon ine |
wobhai bha |1Bungers gvemtionr aﬂeogrleamanlsearthehe dlgﬂmmlaltlon
rate the <0001>-direction to.obtain total: : :

. al on _
. f85§?5%88n%8erEV&Ure 3 shows an internediate step in

whi chn Eﬁée%ekQQQﬂkn%gheaﬂﬂ§3é§peﬂhM§n£%@ ébﬁale&@ﬁgssre
IS described Eartlcularl in gatent application .
ng@dHiedate. oy élﬁoéuiaﬁaﬁaéngﬁpwt xpeicensrealter than the

gfgweht 'r%%t Waf(gxb(gabcﬂea éc?do%{ dggggﬁibogatt% QL total

an the g ate al on i rection

] cuayesoeﬁcet EigaddllgshﬁgsesnumhtaﬁmeﬂﬁﬁYe(§bep0ﬁn whlch

bi sput to cause anisotropic GaN gromh (L
£ofghg ! E@OQF % 182RBBRTSPhys. Lett., 79, 3059 (2001):

Th'STE§§hEQBQQ¥eBr%ﬂ633%§1ﬂ?a@%s% ﬂ&&ﬁéﬁﬁ%ﬁé&ﬂ$r%%.ln

.wWith dislocation densities |ess than or
pahent (oepplilte tdon reW@%lﬁif%@:%l bet wWEbe Colaimesﬁzemjﬂon of

zone Ven et al Phy 87, -4175
FB0E 0I5 35 TREELaFber dit ooRERFR heal b 4o SToWEh rate
hbyser vabbe dﬂ&ecg§owbﬁtwe%@témbﬁ@ahﬁéceﬂﬁﬂx@ﬂﬂ&§:@ét10n

can be seen in the images of the surface in :
m%ﬁtﬁ%@%}®ﬁ1%fs@@ﬁb@gpm@§@ﬁ$EWmtnanF1@93E 5Sbinormh1@muth

ftt%a %ﬁséhgnls%%E%plé*ﬁhﬁ“g%SWQB §¥eet al

talne y a two-stép-epitaxy process
Appl Phys. Lett., 79, 3059 (2001) |
This technology provides a means of obtainihg GaN
with dislocation densities less than or equal to 107 cm™

(over the entire surface between - coalescence Zones)

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

There are regions with almost no observable defectis
between _the coalesceﬁce' zones as can be seen in the
1mages of the surface in cathodolumlnlscenceapresented in
Flgure 3, 1n.wh1ch part (a) of the figure is an image of.
a GaN layer‘obtained by a two~step epitaxy process and
part (b) is an image of a GaN layer obtained by a one-
step epitaxy process, ' '

These zones'- with a low defect density are
sufficiently wide'to make optoelectronic components such

es.laser diodes A careful examination of these images

'shows that there lS a s1gn1f1cantly' hlgher' den31ty' ‘of
5black dots (emergence of dlslocatlons) at approx1mately

:'the centre of strlps deflned by coalescence zones, than
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25 part (b) is an image of a GaN |l ayer - obt ai ned: by'a
one- step epitaxy process. These zones with a Im@41 2mw
defect density are sufficiently wi de to make , ey
optoel ectroni c conponents su&h as |aser diodes. A
careful - exam nati on of these inages 30 shows 't hat
there is a S|gn|f|cantly hi gher density of Dblack dots

' qn%9: t oxd I o
‘J%gﬁ?%% strlps defln qﬁhjgéhﬁgﬁience fgﬁ%%ngiggi %ﬂfse

Uisrlrarat 120057 h8ve ithdihe besglnfjnhetﬁérlqnmm bhsa |wer,
def t denS| dj sI catlons have their origin
GhéeW%§§;% ?e&HQ?%4ﬁ§¢nH@¥%honFﬁé the_

| 'g@ﬁﬁd"ﬁh"gssté}ﬂ' cbmatter t1‘1*6"3‘?%11: gravd h stepegnerge raﬁghf’lar

"vertex of triangular 5 overgrowths, and which t

qyﬁﬁﬂﬁ@ﬂﬂh@mﬂsﬁnﬁxuwhwphcuthasureSpapeesiheDﬂduajdﬂahlon .

af | ect pi rlne t al
c%%ﬁ%&glonsggre gﬁCh $EﬁHQhéﬁ?gch 5 ?e%e@%tqﬁ§lve
cfodtrx ygn @ sdayrdugh tails |cQﬁﬁI1'tQ@%satarté7%u&ﬁQ§1aQ:f tHRe facets
mask curve first. Figure 4 gives- a good 10 .
(ddaerdt FrEHY 6f A pherdnihsruabl shicdagaliens ahe the
dl g¢of e k gan,es fro h a
gﬁ%rggfoﬁj%?emggﬁface (%lgﬁgggtloﬁlégféFurt g?%%rqg good
uafieestandivngt up €, itthies dipbleacaknons pbbpagasteipasalirel the
The two | ater over rowth fronts

t, h | ,
8@ eaﬂgas r§§§5: C%%aﬁegﬁﬁﬁte% Oftnt thpe process  and

efliesecahi ens %ﬂ%&aE@"@ﬂ%le@tﬁ%heh§l @ﬁ%Wh@rﬁbQ@t %@@er

either termnate in th coal escence zone (I

CupERaEURRy behe ms(i)oc:tﬁtatdm prapageitee }p@m;tljeltrt@ the
st t o] h curve at 900 e on the .-

o3Pr et Mg Rhel Ol T fre PP an Bl e oot dnd

clrba@egla djcelcasaiem denigitty Tise M 081 abseibhsi tﬁatt he1low

useabl e surface of the ELO substrate.
the lateral growth front can either terminate in the -

- coalescence zone (1n 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 joint in

which the through dlslocatlon densrty is high also limits

the useable surface of the ELO substrate

Therefore, it is clear that this two~step. epltaxy
process cannot ‘ellmlnate ‘all dlslocatlons and
partlcularly dislocations orlglnatlng in the middle of
the masks and coalescence jOlntS

To complete the description and to give a good

'nnderstanding of the'context of the invention described

below, we = will ‘now describe - the propagation " of

- dislocation ‘lines The following 7 description is

partlcularly appllcable to dlslocatlons that orlglnate in

the mlddle ‘of the mask openlngs
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Therefore, it.is clear that-this tvvo step epltaxy

- process cannot elimnate all dislocations and &41mqmy2mn

particul arly dislocations originating in the md
25 t he masks and coalescence?joints. To conplete. the
description and to give a good understanding of the

© context of the i nvention’ descri bed below, we will now

descr 0 t i-on ;of at f
FikRiddie [ ORaRAL i 19f o $Qe ﬂ aéE%§C§gFe to ch

fol l owi'ng description is 30 particular

. ddisdlosedtiomss night oengigat @m rthe h:eunfaidée Bé widlmaskfer -
. en January, 2007, - 9 Figures 6 and e
‘tgflugﬁggte%? case¥Pﬁ %ﬁPSHt tﬁ%cagﬁ&%§QQ%ﬂn of. “the

denerg@tdont h&vlﬁdﬂf&@eﬁqtﬂ&ﬁmé' ﬁﬁéerdlt@et:lahﬁ fltwe% of -
t hi oughout- t he remai nder of the .description when" -

. SHBHETS FGathEadi PrecasOInFREShf (a5 s()h}n@trry(bt Rat can.

be eRg ﬁ%%eﬁmglﬁﬁgt QQLSOEh%bc%S Hf%” Il%%?% ern‘4

t he ca ein attern rapezm
hiasi &ngtltapesendiabn oand:fhmg‘mlsa@ 38ef:tlbﬁV%nﬂ. Qﬂmmmask 3
axis of s %ﬁ ger ent dislocations are_'|ocated
St R

Var ESeCegh gigd@catgons are

mealtaace@ethel RietQ:d OB U&Id | £ak aphangs.- séfe%lon 4 ‘and
envi ronnent of a dislocation for which the |ine

cesilprecgase w I]hlnhé copmonfasi s ofestyimeet r y pilenfeist.st | The

' h h d '
o0 BhnefiRnbl oy alibencLien, ()t hen el 209 R IULing s aos

weali r oheetorford h&l@ Sb@cabyﬁﬂe@f t hes coplepcencan  (a)
joint during growh is a ¥ configuration then_
C@ﬁflgpﬁeFéons ncum/atulaen = |ta§a|J4fhéiUIGtI‘rgsrgrOWth it

1¥ar i@t of ihR FLO gfﬁ?_farﬂ}?settn%Chre(hxﬁgcyonment of a
dfsioCation'of the-coalescence'joint during grthh is a

type (b') conflguratlon then (a}; there is no cnrvature'

~of its line.

Other wvariants of the ELO vapour phase technology

" use textured or periodically etched substrates (Ashby et

al. Appl. Phys. Lett. 77, 3233 -7(2000) instead of a
dielectric mask. In these technologles, etchrngs are ‘made .

dlrectly in the substrate, which av01ds a growth step and

.'deposrtlon of a mask

‘ThlS technique cannot eliminate all dislocations and
particularly dislocations originatind from the middle of
openlngs and coalescence 301nts . '

Therefore, there is an urgent need to find technlcal

, 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 xnaklng the fllm




10

20

25

30

use textured or periodically etched substrates (Ashby

et 20 al. Appl. Phys. Lett. 77, 3233 (2000) instg

of a dielectric mask. In thgﬁe t echnol ogi es, etchl2‘%%“’13"2()()7
are made directly in the substrate, which avoids a
grom h step and deposition of a mask. This technique
cannot elimhnate all dislocations and 25 particularly

- udiiajoeatd,ondverbgi kathngdwamt hepht ey esebpsopani dgshing

and coalescengg jQints. Therefore, there is an urgent

OREBANES FRRECEd¥hARCARS SHRFETEHE to this problen1of

di sl ons ., enper on the_ surf ce of N fi

Chat CTSUHEES heB Sty 00t 463 HOTY ANCRN el Fr that
pravildest aréay opimeleeh rmwcaaﬂ@@m@m@tlé@gar dl ess

of the process adopted for making the film 24 January

2007 10 using one, two or even several epitaxy steps

or it NthatORSNiIAGS Bhiegt | Mlé@lésna% Subst Aemay or may
Disclosed is a process for making a GaN filmtha

'ncgﬁ oPEderredcaNPeping wisthstangefef san ciéw@uuﬂraespawdmlarly

'miﬁﬁ%Bpeﬂtgg%pln§§§hﬁg?§%Lg§f%§ﬁﬁrﬁgﬁﬁ engé% x§%%n’

timagnesangh zi germbeiyhl i um Ital ci urg car boag S|I|pn33;ble
tin and,germanium It is also p033|ble 10 to
to nty‘?%&fi’gé‘cﬁn 315 oL FRELPERIT O Ap MRy idue hSBsh s skn,  Sc,
b, gBi Ry t e [ ol Il N+t
S%%nggleev perﬁggicéﬁgggg%sTﬁﬂg qﬁﬁ#ﬁ%tlggpgéi gfhﬁh the
MQﬁ@ﬁiﬂﬂVl@ﬁ@%&dxm tahbbei des a process for naking a
filmof galliumnitride (GaN) starting from a .
substiite, Dy eptsi tasRedaN & thpowreerte invention
PR £NBLACLEL! $8% bl 4Ne; FANo 1IP0I fum nitride
conpri ses at | east one vapour phase epitaxia ‘
(GaN} starting from a substrate, by depositing GaN by

vapour phase epitaxy,characterised in that the GaN

‘deposit comprises at least one vapour phase epitaxial

lateral overgrowth (ELQO) step, and in that at least one -

of these ELO steps is preceded by etching of openings:
- either_ in a_.previously deposited dielectric

mask{

| - or directly in the substrate, R
and in that an asymmetry is 1ntroduced 1nto the

dlslocatlons env1ronment during one of the ELO steps S0

as:to cause the_largest possible number of dislocation

curvatures, sSince curved dislocations do not emexrge at

the surface of the GaN layer thus obtained.

‘The asymmetry of the dlslocatlons env1ronment may be

' 1nduced partlcularly . _
(1) by varylng growth parameters either by applylng o
 an electrlc fleld perpendlcular to the growth axrs, or by

jlllumlnatlng u51ng a lamp produ01ng UV radiation at.about-"-
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| ateral overgrowth (ELO step, and in that at | east

one of these ELO steps is preceded by etching °54Jmmmy2007 ‘

openings: 20 - either in a gﬁeviously deposited:
dielectric mask, or directly in the substrate, and in
that an asymetry is introduced into the dislocations
envi ronnent during one of the ELO steps so 25 as to
1¢8use t4¥0 |mrgetp gosseblrrafignrntioil duspwtht odn @ single
ryat ure in cur,ved di sl ocations do not energe

féﬂixﬁhéksﬁﬁFggg gﬁlt%gﬂeaﬁ%iayer t hus obtai ned. The
asymiej r ybef mahe ndj sdpaaitrignsw etlvi nasgaal wEWthe or with
i nduced particularly: 30 (1) by varying growh '

| UpaHRAbt cPSOBFERYr bPLABETYi G  Aheel cHLaStLiq d mask  or

o o i . . .
APECOEDY! B sbnl HARLARY MOChPLY MoplhiHy AL o
tHanu&ayW 200dttétnd70 ttoo 408cihhithbecaude prefievantiral of

rowmh of a single. famly of facets . [11-22), ar (2) ...
B AR hgn Speringlh wothetn Ut wiakieToriag { A Spdeific
pHOSEHE] c §OFPL g4 £ RIANT yBohBe rdicel 86hbbe MBRALOfca® be

directly in the substrate™to apply geonetric shapes to
taken @IN put FeNnBatberagi furarg rasupgdyargwéhef |

di sl Qcations, or in other m@%ds maki ng use of specific

pr opetty SIS EPBNPTgRbTRt 7 i B MRs tHANC Artgen of

mdAKethpbudly Gabhpatt &Sy GPIgNhd @R Medofr aWkR. Hinings.

Thi s asynnetr%$can provi de a  nmeans of taking action o

Canseauentdightles | we aidnges empygdaet ridief somirask

. openi.ng ; uenil 0. | ong ener.ge th
sur?ggeix?ﬁggggggéul§¥¥C%%%% 02%% i% 35%¥%%§551ﬁ%€e Ehat

ddsratibed above, characterised - in that

asymmetry isiintroduced by making openings either in the
dielectric mask or directly in the substrate, that are
adjacent, unequal and asymmetric forming a bésic pattern
of a periodic network, the basic pattern comprising at-
least " 2 openings, these openings possibly being of
different  types - andl particularly lines, héxagons,
triangles or a combination of sthAopenings. Preferably,

the periodic network defined above extends along a [10-

'10] direction.

The ELO technbldgy disclosed is known by the acronym
ALFAGEO (Asymmetrié Lateral Facet Grown - Epitaxial
Overgrowth)._ - '

The epitaxial lateral overgrowth step (s) can be

(are) = made by vapour phase epitaXy‘: from

-chlorides - and hydrides (HVPE)J by OrganoMetallic

pyrolySis‘ in.'Vapour Phase Epitaxy (OMVPE) , or by CSVT

. (C;oSétspéce_VapouriTransport).




describéd above, characterised in';hat -15 asymetry |
_is introduced by maki ng openings either in the 24 January 2007
dielectric mask or directly.in the substrate, that are
adj acent, unequal and asynn% ric formng a basic
pattern of a periodic network, the basic pattern
conprising at |east 2 openings, these openi ngs |
possitlbl yibei agsof pOsdilblerehd typesoamd phese?uépiﬁaxial
L ines,, hexagons tri | es or a .conbination of. sych, .
l%é?ﬁﬁﬂrgs‘?" Wb V,E]?S? hé%ﬁBPi GHV et Wor RTdEF M{1
1ebpyeagrtiends ,arqne182)[,1& (131 1di raed 'I@Pll—er)l"gafé-l%s of
t echnol ogy di-scl osed is known by the acronym 25 '
the FACRPOLEASPMME0r B6 L&t eldmimedet thowiEpidledtatic field
r gr.owk h) e _epi i al_ | ral, Quer.gro p (s
ol BE R wp s BT dou O 20 BT P e
chl oThdessand yutdyd desy( WEPERbohy Qg%ii/ngl?i’Eb& |mbi(trg\</.=z_rters
rolysis in Vapour Phase Epitaxy , or by .
t é:]ése,u%ﬁalclé? \/gﬁod}hel'r‘éﬁ§§6rt9f. %&%ﬁf’iuarﬁﬂ@m@ﬁfy Ehosen

 fhéni SrRRP Q%ﬁﬁ?l«@,(t% rf@ﬁﬂsiﬁes%fﬁ-@i@“g{;—%g, GaN,

[ ateral overgrowth (ELO ’steps a_bng one dr
AN{A- BOB}O2A( Ti@Y),, RMUAIGR), S@E10- HBB.andrN( F2A23) The

lanes. of _the supstrate,. sq as to elimnate the
058 Se ned b oo P pERPERS SR HeBRR L ©TaGa by
nialiongat hen C(0001) pl ane. The substrates may be about a
hundred m croneters thick, usually of the order of

200 papcandednyfwitdsan ibr cmmammagl SEPPRI MthatZNGould be
ORbAFEe 8 HboPhpoeshs S Oushoip it BR! nipeb@aN Tiln
thueat edthehese aay deposhéinBeRl GaNahy DoHET I EAL I PR ck.
According to one particular embodiment of the iﬁvention,
the GaN film obtained may be between 5 and 15 pum thick.

Accordingly, a second aspect provides a gallium
nitride film characterised in that it may be obtained -
‘using a process as defined above.

An optoelectronic component is also disclosed, and
particularly, a lasef diode, a photodetector or a
transistor, characterised in that it can be provided with.
a GaN film that could be obtained by the process
disciosed. 7

'Accordingly, a third aspect = provides an

optoelectronic component, characterised in that it is

made from a GaN film as defined above.

A fourth - aspect provides a laser diode,
photodetector or transistor, characterised in that it is
made from a GaN'film‘as defined above.

'ffThus, according tb~a first variant of the invention

' openings are made in a dielectric mask, and according to




Di sclosed further is any GaN filmthat could be
" obt ai ned by the process disclosed herein. The Ga g&ﬁﬂ,
‘thus obtained nmay be between 1 and 100 pn1thick.bh§ 2007
According to one particul apgenbodi ment of the
invention, the GaN fil m obtained may be between 5 and
15 pmthick. Accordingly, a second aspect provides a
gallium nitride filmcharacterised in that it nay be
a gireiirbdvansang afprdceskeenigedh nebdeappgaings are made
di%%%%ﬁl g&{QMéséqgg%yé { is also disclosed, and
particularly, a Taser diode, a photodetector or a
t r anthiesit drhe chpe@ihesi aed nmaddaini theanikd eprevicdathsk,
with a GN filmthat coul d be obtained by the process
nagiedy| o SEFOTALEGr dityl % ikt asiceProvitdis drocess
pt ni qgﬂ?qﬂgg;, tari L.nth LE
Caﬁadg ?g%$§ égN Fi1m as de |%§' aqbvggqikgéur?%egégggfh
(EpPoviidésgathaskechihbdes dehotrbddeteaboveor transistor,

cha rised in that it,is de_.froma GN film as
defpgééﬁgsgge.ﬁﬁﬁﬁéeﬁuxﬁﬁdiﬁggfsfSrFir§t\Rﬁ?%ﬁﬁsoffor
makhegi nveat i onGampeni Agsmar e vAde i n @adi el estoiredprsk, a

and according to 24 January 2007 12a a second vari ant
of the invention the openings are made directly in

the substrate. \Wen the openings are nmade in the

di el ectric mask, nanmely according to the first
variant, the process can conprise a two-step

epitaxial lateral "overgrowth (ELO wusing the
"techni que descri bed above. Disclosed further is
therefore a process for making a GaN filmthat can
provi de a




24 January 2007 13 GaN filmin which the density of
di sl ocations originating. fromthe mddle of the, 2mn
openi ngs and - coal-escence j oi ts are strongly" reéucé’éry

inthe case in which the twostep epitaxy process is :

~adopted for production of the said GaN 5 film The

case in which facets {11-22} grow at a different rate

. Cadl &9 1o ipawde cturthat LdTeﬁlsﬁ.ftyt hef diisdlenatd iomd ldteLSg:LGfata.ng

"_10

15

| SIGR de
akQ@ FOUR18, 1oadenqt 8% thes fLESL ASLAM AL ﬁ«o-%ecep

case h openings in the mask cause different
fﬁga?i F@s (2 sPP&Pé&%%w%ﬁ%u?€§1838ﬁ809 Jaints

di sl ocation may be curved, and at t1 (previous-to
epilshsyapPironeiss s adeWEQtﬁbaaproquummnﬂdf the said GaN
£ g flguratlon such as (a) for(c) and (d) -or such as

? ‘for (e) and (f). At+1, the dislocation

propgpat essenihhehbase rakane 131009091y cGonRk susatflf%&ent

(c) is the configuration used in the two-step E
rgé8cFPrhad sao@éusrencséﬁﬁﬁ:gsﬁapioﬁh@d}hslpyaém@nt '1111es or

| t
_cages ¥R Rﬁﬁ s@%ge 98 o? ing 10 the  SaMB e ont

ape at to. t HE desciipti of;

snefecendadets 2@readelmmﬂrlsted:| our @1\gime1es1emt a@dl Y. In
(c).. and (f). In

t | 3
»Faégtc?ﬁ %@méé%f%‘:%éﬁﬁeed i ﬁma%rﬁ?)tﬁst a%‘éor‘@lr‘i-‘él t ghe’
- d£386ch €] oANGhaiyN s@ssu&%)edt hear?cpphtedc agyfgﬁcws 1$,) the

according to cases (d) and (f). 25 The symretry |n
daéb9¢@b1©@nl©flnoafsgmmatrmﬂa@dsnvnaynabsu Conflguratlon
f|C|aIIy el|n1 at e ,coal,escence 0|nts t hat
?ﬁe gt i (Fd %fsu? aégdca?)be]ﬁs%ﬂc o? naﬁﬂf ]ﬁrga)o?nd-
(6Pt OBl @Gt orhé @9BPODEBL S ﬁhqu@alts@t Hirt #@sksasdablane

can be used to make this
(O 01y, Conflguratlon (c) is the configuration ‘used in

the. two-step ELO described above. Im configuration (d),

‘-th and t'_., show two possible geometrieés leading to the

20

may also beneficially ellmlnate coalescence joints, such

30

same shape at to.

In the remainder of the description, reference is

made to this:  Figure when mentioning typical asymmetry

cases {(c), (d), (e) and (f). 7 ‘

,t In case (1) 'above;i the 'applied - asymmetry is
accordlng to case (e} and 1in case (2) the applied
asymmetry is accordlng to cases (d) and {£). |

The asymmetry in appllcatlon of configuration (d)

‘that the entire ELO surface can be used for manufacture

of optoelectronlc components.

' The dielectric masks that can be.used'to make this

'varlant of the process accordlng to the 1nvent10n may be

composed of 5111con nitride - {SiN), SlOzV:OI W. The
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- 30-variant of the process accor di ng to the invention

may be conposed of silicon nitride (SiN), SiO02 W

‘Th)e 24 January 2007 14 dielectric is deposited (ir4Janua;~y2007
according to techniques wel t4 known to those skilled

in the art. The first deposition of GaN may be made by
any vapour. phase deposition method, nanely HVPE , ,
diENeditad ¢ 5i¥apaupoRhase E@c&@mingpytal Ysddhriiues well
O ganonet al | i cs Vapour Phase Epitaxy (OWPE) or O ose
kBpHte tPapb@Ee PRl 1 CBETRITGWPE wil | be used in

f Pr f a of N2 ‘
ghg'a%gncfhggja\?ap%s Vt%hase écf)l éﬁy%%ghﬁ)gl olg%ég ca)h any

vapsorbephsed fGprhJLBldﬁ) fheshod ay etamseloh aSJME(Hydrlde :

cat hOdI utter or. | aser bl ation. A layer of GaN
V@B’PHFne p I?Fd%:’ﬁf)t'he PYBeL¥818 dedByr | @é@aB@W@\Eaé&ﬁcs

- vagyast a@ﬁ%é' YE%?LtH%§d f@hv@s@:ik' g Lal s%\Ne EQ%eh Vapour

resunmed epitaxy, from a base |ayer of

Tsabsppate 0C§‘Hﬁver@\w&i§/ @it hi blenewobflml preﬁerence The
nltrl e APRILOX] equal to o atom After
gflﬁevg Ioectlrl &h %%t é’ BedH*¥ &tn 8gﬁe€am‘3§’§ur
pHepesidieihaenl tedHna cgaelsi NYaHs abwcf ebe' ayaéd e this
t hi ckness of this layer may be between 20 and 30 nm -,
tyretod a¥heptctr @ubPRg 197 wpet asPohtruynge or laser
aBetwegn 300 and 900C. The next step is high
tenperature annealing at between 950 and 1120C. The

buf f&r Jlafyaer cfiarigas dbboainedcarddandiugy Iagertrieo process
di sconti.n S Ia%er forned of - GaN atterns

dSFHELPHEr 3l t @AVENtAIERE Sy n%f Ussdi dloam@asking

: thEo@@ﬂeﬁy'BeEHMQH éﬁftgkflefréhcahﬁésgefg eFXQfQEQN

then act Tike a mask and GaN patterns act
GaN Bemesubstanse iis operrmgd bude énisikngsisn dgthesilicon

" nitride approximately equal to one atomic plane. After

- the dielectric mask has been formed, a layer of GaN is

deposited, called the continuous buffer ' layer. The "
thickneés 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

, contlnuous layer to a dlscontlnuous layer formed of Gal

patterns, or in other words GaN patterns in the form of
islande ~The zones in which the dlelectrlc has been
exposed then act like a mask and the GaN patterns act
like GaN zones located in openings made ex situ in the
mask. After'depoeition and annealing of the hucleation
layer, a thin layer of GaN, typically 2 to 5 um tthk is
dep051ted by Organcmetallic pyroly51s in Vapour Phase
Epltaxy. ‘The galllunl source is Trlmethylgalllum. (TMGa)_

. and. the' nltrogen source is ammonia. Such a method 1s
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. along the <0001i> direction consists 6f.adding magnesium,

30 -

'5'%%

mask. After deposition and annealing of the nucleation
Iayer a thinlayer of GaN, typically 2 to 5 p”‘ﬁﬁh 2007
i s 30 deposited by Organonetallic pyronS|s i n Vapour '
Phase Epitaxy. The gallium3ource is Trimethylgal i um
(TMZ) and the nitrogen source is amonia. Such a

met hod is 24 January 2007 15 described in many
déeeuaBaYS inlhahyt erdtineiecd s ﬂﬁﬁ@rtééﬂnlﬁﬁétE@UH@@dklbed
in patent _application W99/20816, 'i-n exanple 5 that. ,
pﬁ§tﬂﬁ@éﬁﬁéwaﬂ@dpﬁée@¢na@plﬁéﬁéﬁ@ﬁc@09@§2@§16huénb§§@mple

q@ ge.,0 ting the

oca%lon %Egatﬂ%ﬁgag Syngeférgbg%he process _
accoUdmg tumltsheoasm/emhyela o‘EheGéI@I ha\m nhadesdvabesge of

different posséﬁ enbo ments of the first variant

lbﬁlFHBglﬁgénﬁ ocefAPn. ﬁ%ﬁ%w%%dt ?ob?g%ﬁ%%?ﬁth Fhe_

pkBeekBvaprtLeniagdrdorat ihiyBhtiohQ its scope. Al
enbodi nents described belowrelate to two-step ELO

proc@heeslﬁd&iQWmmk deéescbebeabovehiﬁﬂnenﬁhe p0881ble_

ventio art cuI reI te rocess for
chBY AR R LB AT ERE B hd 1RESRERSey NEnat
aﬂ@p@ﬁtén@edthat1iphg@matbhehBOﬁﬁabh@moﬁfaﬁaeabngatlilmlt

br oken -down into two-step epitaxy, the first being
iB8n&coRfder . growth conditions such that the growth

r at e, 2} ongy, LBRC500015 diractiof.i s, oneater, than, Bes'tep
% ar

| ateral growt rate an e second being done un
Eh0odpfbeds28s expee i neosal desadibednsbsueh t hat the

lateral gromh rate s greater than romh rate
alonﬁhu§hetﬁ%odfyeﬂﬁH%&nTQﬁFsBaQElFBEGB% Fel@yes to a

pfoaksscencenakihfea @%&i%ﬁﬂﬁx'Hﬂhﬂﬁéﬂéffégdcihoﬁhat the
growt h-condi tions such that the

GaN dep051t10n that follows the formation of openlngs is

broken down into two-step epitaxy,  the first being done

under growth conditions such that the growth rate along

the <0001> direction is gfeater'than the lateral growth:

rate and the second being done under modified

experimental conditions such that the lateral grthh rate

is greater than the growth rate along. the <0001>

~direction so_ as to obtain full coalescence of the

patterns.

The modification of growth conditions such that the -

lateral growth rate becomes greater than the growth rate

antimony and bismuth.
According to a first embodiment, adjacent unequal

asymmetrical openihgs are made to form the basic patﬁern

'df a perlodlc 'netwdrk preferably along a '[10 -10]

dlrectlon Examples of such asymmetrlc openlng patterns

are shown in Flgure 10. The asymmetric basic patternzls
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25 lateral growmh rate beconmes greater than the __ ,
growh, rate along the <0001> direction consists,g 200
addi ng magnesi um anti nony_and bi smuth. According %gmy_ 7

~a first enbodi nent, adjacen%ﬁunequal asynmetrica

openings are nade to formthe basic pattern 30 of a
periodi c network preferably along a [10-10] direction.

. riotanplreistef - soichiasypmeipeind napeniing wAIlE@rBe pakgible to

Shown in Figure 10. The asymmetrjc basjc pattern is 24
1 DOy °i6er AALI9TRT AUFD [FAheBeXepeRprhgoPartings

paouid e pessi ke torg h0RG| ne 41BRy.+qther gﬁfter_kgﬁgular -

- *such as hexagonal openi ngs _paralrel to the [1 _
ciengogisons The t bieaigul af dbeni dgyentibe basi stoof inkece

S SaTary o e 7 R et b5 20G: satprngs

theductdens ofo t Aeghedensl tnedit@Non Id¥ thge BEQeAbl 8L than
maki ng these asymretri c openings, treatnment- of the

' - d@pithexE&®, masked and etched substrate; for exanple.

resuned e ramni
theduwge taddpeli tnasked gadl ietmheid rdudes aiter nfopNexample
facing zones _and -anisotropic and | ateral growth, of )
aBheSRHTY PRt teYHEEe At i lyr BRPRSBELRY tdiuigds, is
Ry e of,d h sai erns. jEor ; .
e Sy Y g Ay T b I RO pE%'o induce
deaprsation off t gel bupholidgy ddurpaigt e obnGaMathen thees
wi.dt hs of the openj ngs are unequal . ring the first
28HE P SRS ROR CoRaRt Horhs e Tiih 00 M o Babat RErns,

10 o8 HRDRRL80 1) LG 10 UAHEE SEPORLI B0:E R R of

160603) piranen & d@stont 8RGed ThhEili Slal e ®ice of the

term nates when the (0001) plane has di sappeared,
said patterns. ' o

For example, Figure 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 the (0001) plane has disappeared,

‘all GaN patterns obtained'by growth from u@équal openings

then reach a ﬁriahgular section; the section of the GaN
pattern corresponds to the thick'black line delimiting
the two separate grey éreas_in Figure 11. 7 , |

Dufing this first.step (dark.gréy'area delimited by
the Black line in Figure 11), thtough dislocations are
curved at 90°'when they meet the lateral facets‘{ll—ZZ}
during growth (such thatrN is at point 4 in configuration
(c)). Dislocations located at théQ exact mid-point df"

small and large opeﬁings are not curved (denoted M1 -and

;MZ)':aﬁd  continue to- prdpagate vertically beyondn_this:
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- CHREWERCRE cohdFPPBRE tiehdrgEt
p8LokhBat ddnd&zﬁ%mﬁocgﬁ%r\i%aﬁt%ql apar isat 'ﬁhfgrrga'\' As

all @GN patterns obtai ned by growth from unequal:

--openings then reach a triangul ar section; 'the sg&g&&&yzmn

of the GaN pattern correspggds to the thick bla

line delimting 25 -thée two*Separate grey areas in

Figure 11. During this first step (dark grey area

delimted by the black line in Figure 11), through :

fdlxsttocaftepns sdmd laclyvedi it paBtehies tdleyedmet cbhBesce at
ateral facets {11-22} durin gromﬁh (such that Nis

' Atgtlspéltﬁﬁ%’%sn léomeg&aéﬁ oit IGES Llp Sdisdacadions such -

akocgi ed e, X% of € 1ot
opeﬁlnd§§gr§hnot curvg@ Egﬁ%?gﬁ N%higgééiﬁg éé?é; jOlnt .
d@nbmedecﬂd,pﬁﬂphgatepw@mtmcnérylbeybndbeyosdzﬁhls first
anuary 2007 7 first ste lLarly, rns.
ShRPeadnConreatt 48 4 el £etea e s ALAAFE 8t the
mEkgere 11, dislocations such as N and N' converge
towar ds the coal escence joint (denoted ), and
pr opABathieveracend | §tepyond hisH geewsh seepdifhens are -
mpBEdibd, S e A ITRdobhy | NS IIHAE O hhE IBEkS mro

"second ep, 1 con |ons are

'snapuquxlaﬂﬁadﬁcebsum@GOéplmaagpmy'cﬁﬁmgam@c©nd ELOuth

Step, consists of resunmed ep |tax¥ éy changi ng the
h

A RRFPRAI 86t rdRE 1t

patterns.. As described in WO 99/20816, thi's can

. dashirgbed entm@'ﬂ%/ZQﬁiﬁ,nginagnEQmeelachheva@peuther by

J_ncreasi the te rat ure.

2855 s iR S LB Tt B B80w (i Y edPaRerang

tRé th@mf;a@»gtuﬁs6001)zn(mﬁahga EeappBar stap,t heaner ekt dins
each pattern) while the surface of the [ateral Tacets

~ deeabers whik ©8 t A¥P2RSYAREIy Shet hEageit ddP01he (which
‘rgé§b8895|02§ N@hgf $£¥%ex of each pattern) while the

.surface of the lateral facets reduces. Due to the

asymmetry of the pattern, the dislocations M2 of the

small openings and C1, CZ of the coalescence joints
emerge iﬁ the lateral facets. {11—22}- in ther type (d)
configuration at points 2, 1 and 3,respectively; in which
they are subjected to a curvé@pre at 90°. 1In _this
embodiment, the small number of type M1 dislocations ére‘
not curved. On the other hand, the large number of ‘C2

type dislocations are curved at 3 in the base plane and

can interact and cancel each other out. Figure 12

“illustrates this behaviour of the_dislocations, and thé

behaviour of type N, N' and N" dislocations of 1large
openings, small' openings and  type Cl openings

'respectively”that are curved at 1'gan be identified.
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smal | openi ngs and CI, C2 of the coalescence Jornts 20
emerge in-the lateral facets. {11-22} in the typ (g
configuration-at points 2, isand 3 respect|vely,%4g zmn
which they are subjected t0~“a curvature at 90. In

this enbodi nent, -the snall nunber of type M

di sl ocations are not curved. On the other hand, the
]argécnowd&mqﬁtanZ%ebﬂmd(hmbmmxmemms anequaﬂvm@anlngs

in the can.interact capcel each :
e R i 5 Tt (oe aret. Tt ERGRaghadr SgE sed
ibhend $hiecat kamsqinadithe - behaviour of type N, N and
N' di sl ocations, of .l arge - openings, small openings and

t ypeF&busgedidn gsllmﬂaé:ﬁﬁeoam vekgmphat cabedéunensdodt this

- san he jden grfred 24 January 2007 18 According to a

Second “Empoat ment unequal openings are used

.di ff geenitr ytrﬁéorﬂltrlse vaybddimdheN yhrewtar ealsed pifce in
the first enbodinment. Figure 13 illustrates an exanple
CERbSEFRENTNSE BRPs 16 f8EEDNd iantibai ket OVAE FANPAEIONS.
firs nb mept ; o or Jak n

t hat IEBar‘ge ggher err? é)é(&g}?rel lﬁgg?%wt cﬂondltzl ons. %% step
témmlnbtessehendthebGdanattethe birigtinstépgt érvmnanegual

t he .GaN tterns -or nat romu al 10
B AP 1 T pa e, O P Y e S g ozorn a

siagmea phRgkenpat ;€A W Eh at&&aﬁagmber sgekt9Bn. Therne
internedi ate geonetries that can bé .observed durrng

lﬂhermﬁdrgtestg@@mteh%drﬁmedcan feblduienymshedutrime the

| ngthe segond, step, growth
£48h TFBRs oA BiGak o adn P P aRp e TS g, Figure

- 18®king the base pl ane C (0001) reappear as shown in a

grey dashed line in Figure 11.
In the second step, growth condltlons are chosen to

achieve planarlsatlon by making the base plane C (0001
reappear as shown in a grey'dashed line in Figure 11.

- Type C1 and;MZ dislocations are 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 dislocations. Type Mll
dislocatiOns are ‘curved _at point 1 ‘because, at this
p01nt Ml is in a Ee) conflguratlon On the other hand,

type C2 dlslocatlons are not curved

.In a third embodlment, three unequal openings are

used.

The previous'two embodiments allow one dislocation
type: M1 in the first embodiment and C2 in the second
embediment These flrst two embodlments can be combined

into a. thlrd so_that type M1 and type‘C2.can both be

ucuryed;zOnce again there_are twoﬂsteps with different




Type d and M2 dislocations are curved for reasons

mentioned in the description of the first enbodi B 2007

20 This second enbodi ment Lfgdifferent fromthe first

in the behaviour of ,type “and C2 dislocations. Type
M dislocations are curved at point 1 because, at

this point, Ml is in a (c) configuration. On the -

. gobweh lkemdititopme CPhisskbiati emboarieendt tmrvédus®bated
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N enbodi ment, three unequal openings are

: a thirg
HisBi9U5RelBrevi ous two enbodi nent's al | ow one

di sl pgath@nthbyRarsM doegd,hatd redn ephedipest oangi fdting
in the second -enbodi nent. These first two enbodinents

frem banewrdl nedSOLIgR 0 44 t Afld, 030 admtesgpe M dpdm 2

, - bot h be.. rved._.Onc in_there are t
PAY RS, LR T 1, ot oS e e 1gbRE Bat fartd'® 11
deendeat opss dies duived;entioids nest the islaméstaatee bBcond
Figure 14. During the first step, the GaN patterns ;

e @@%Iﬁ%ﬂngﬂmggemww tapeni ngle 0PaAI@T2 ebaferdeing

fo : pakter | a si Lrjangu 'S [, ONAy
o RPHLIE BT bns ara b ot S i Sh LI EAE CEEbhOT02,
develspsond myayddi aemtriafpufihe saareitame, Thée epat taeT nthe

originating .from opening ..l acated sufficiently far
£PFom baeb " HeibFomeS Bl ob ta i Guishe Lulg | Do eh
a€Pla@k 108e10nf iFigtret @R ;c@nAG des tMd Nt al i fige afirst

profile shown with a black l'ine in Figure 14; this is

. emlped bpgmt apTrEld 18 Sraienbodinkat (FRofin eFiguaen 14) are

L. Ol nts in Figure 14) are curved at 6. In a fourth
C%%%%%i%%ﬁ?j asymmetry is introduced 15 during growth.

In. a fourth embodiment, asymmetry is introduced
during growth. ' '

As mentioned in the introductipni asymmétryumay élso
be created by illuminating the Sidé%ﬂbelthé:‘Sﬁbéﬁrate?
during growth with UV radiation so ésﬁéélihéféasé thei
growth- rate of a single family of facets {1-212}. An
electric.field can also be applied?perpéndicular to thé

direction of the -openings. Asymmetry is introduced into

" the growth étarting from symmetrical etched pattérns {or.

uneqgual pafterns to combine effects), and after
coaiescence at the end of the first step (or at the
beginning. of the <first step}, by increaéing,the growth

rate of one of fwo equivalent fadets-{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 bpenings).

- Through dislocations M lOcatéd in the middle:ofﬁthe

mask are not curved in the first phase of the ELO, on the

-‘=other-”hahd. they are curved at 1 (Figuré 8-‘(e) when
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As mentioned in the i ntroduction, asynmretry may érso

be created by illumnating the side of. the substi¢ ‘ my20077

during growth with W radiaééOn_so as to increase the
growmh rate of a single fanTty of facets (1-212). An
20 electric field can also: be .applied -perpendicul ar
to the ‘direction of the openings. Asymretry is

'abmmmedmyedéiﬁmmr¢¢mcgmomnhosmmaifgpétogrewnhemateaulle
ched patterns o nequal tterns to conbine . ., :

233f edhe) BETHTE BE, R A omEBee o1 RcBAdSaPepqs Joint

. .thhestist g (Wngdr t pergehabedi ARl G othkhedrfle of the

Steg), by increasing the growh rate of one of two ,
sagarvarent stgbetthatl theopisflocagiamsl e afippr being curved
Ll louri nat j . j S wit P :
ab 28 o0 LB8eEnEE Sh PR MR LBt capmp of
the dilkd diatdeirionstop the tepeni igsnd, 30 WHitghthere is
di slocations Mlocated in the mddle of the nask are
ORbENcA vEPi T t R | PEE phRkE ATIPRITIRS SPvH@rds - and.

ag&@ﬁérhag%r7he%ra§§g&yéye%é¥fﬂca(ﬂ3gw eddé,é,teéd ﬁ@gn %ﬁese_

anuary 0 0 ‘asynmmetry i.s introduced Into

~ paatetmgedbwehfpatt {11-2222%t Theandsekt ofirtvhd at 20°.

as try i.s a coal escence joint. that i.s no_|onger
pe¥p %%?ZUFEF t SPERE GG f &€ ofh eégu %f?%&L? gﬁ%h the
stibatrihe, dirsdneaat | 98sorai £@r thei fige Cervefdd Wroht, the

' goin together-in the coal escence joint. Some of the
5

e8I dedt | 6asMaEapn iqf t hhe [@itht bapa wWHYEY t Bae s done
n voj a Q. t 0 owawar ds .and,
u e fneheharine S5aaRF L8RS A CAPPO R A CHRNR.S Al Cgrner
wpadss mbehn a flaset £i13t22vaatiaht andfar eheur yetb@dss  is
. 900. 10 Wen the openings are etched directly in the
iBRbSPFREE: nanel y according to the second variant, the

st epSIIQIJ_ilPth oy of sEeSn@aNﬁQ?‘f&]{ ayely @Mvaﬁ@a&@@@sly

.comprise two laterél overgrthh‘steps (ELO) that may be

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

The characteristics, purposes and advantages of the

- ‘invention  will also become clear after reading the

25

30

.fbllowing example of a particular embodiment of the

' invention and the attached figurés in which: -

- Figure 1 represents a one-step epitaxy;

- Figure 2 represents a first step in a two-step

,epitaXial lateral overgrowth;

- Figure 3 represents a second step in a:two—step-
epitaxial lateral overgrOWth; ' '

- Figure ‘4 shows the vériation of the structure

 before ‘total cOaléScénce. The dislocations propagate

1paiallel'to the base plane. The dashéd lines represent




under ‘the same conditions as described above, in ot her-

‘wor ds when the first‘varlant of the process is %ﬁhnmmyzmﬂ

inplehented.‘SiniIarIy hi 1second vari ant may R
advant ageously - conpri se t l ateral overgrowth steps

. (ELO) that ‘'may be done under the same conditions as

descri bed above, in othéer words when the first
Wlmfeﬁenm@@m slsap@d bfpkeeeBredpatherns at the

K | CS, purposes and advant ages of the
nr?@@% tg-‘r‘? \55513:' Isgc?pbecorre clear after, reading the
foll ewi ng raxamel esofsrapar i cubar gquq}d'reghagé th(ef the -

i nvention and the attached figures In Wwhi

SPTGace -1 rigpr eseaitisodo omelist epemps t axyEachFi gbileck  dot

10

15

20

25

T at a glven moment. Curvature will occur,‘
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f in.a_t ste axi o

CP? erg%ggéeﬁﬁ%gW§%r5%p§%r8f3q’ E%%§h 8§328€6ﬁﬂo§teﬁart
(BN aotwothéepimepet axdptedaites ala ORI AMrFac30: produced
ure 4 shows the variation of the structure before -
aFG%gfilBSaIt@sE@ﬁcéWOTﬁé’eHl §PéEarvos opeepagatepart - (b) of

rak| e S nes sent
B s v 2007 BT Phel 175 e paLer b T cREpBETaRg o
thhe GLO P eproCEtsSL. heThenotii)imet\erf iafst tﬁbep* mark . is

ure 5 shows a set of two inmages of the surface in

2§a 6dol uni ni scence. Each bl ack dot 5 corresponds to-

energenceFQQuﬁetbrﬁcgfegeﬁtgcgteQQmpE@rEoﬁngﬁratigﬁs 1n77

e represents a N surface produced according t

Whhegtmﬁst@;ﬁlémaw Poeessabas partan be)mmfroztzimt that

r GaN surfa pr o ordin
=808  SUESEHH 8. BuP b e LA Thfd *f g, B9 ana
dashed lines t; show two positions at success1ve times of
planes C in {a) and (11-22) in (b) and (b");

- Figure 7 represents the case of symmetrical

'igrowth in whlch 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 (e)

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

4c for whlch the plane of symmetry A4 does not c01n01de

'-by construction wrth any of the other planes of symmetry

(Al, , A3). All dlslocatlons orlglnatlng from openlngs‘
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Exalee

10 20 pm Figure 6 represents 3 exanple configurations -
‘in .which the dislocation propagates in an enV|rqg zmw
t hat remai.ns synmmetric dur%Eg grom h' (solid bo

lines to and dashed |ines show two .positions at

"successive times of 15 planes C.in (a) and (11-22)

(b) and (b'"); Figure 7 represents the case of - :
mymﬂkr i5zalandyr it br i thahi plnophgaweﬁrgm\m&:bmﬁg @aﬂ&v@ld:he.

opening 5 L have a common, axis of symetry
%u gb ragﬁre%nt%%%&f%?l%yr?ﬁét r%ae %V@lﬁomqment

Tﬁbg@r%1§Qabesagw§a%u§@se of asymetrical growth’

“obtai ned when the left facet grows faster that .the: - .
ri ght fafegurs dfd {BaandeﬁﬁeﬁeweSdasmaaklwumMSO@meengs'

pl a ‘ i sl ocati.ons, originati.ng -
=18ha A TRelafl RTEon el SR hh Y s,
abg) () GeH @) adPMALADNENhasUEYehUbBeW hhs08¢Bhy the
Fi gure Q&b) represents a case. of asynmetry obt ai ned

tho EMBEsilAglaA] uAdyaationape for openlngs 5a and 5b:

h 4 I rifbon :
50942V$g?§§ﬁ£9% t e:%%%%égggggyﬁie rﬁgﬁﬁgﬁoégl%ﬁew of a

tworatepeEL@ypnnuﬂsmcetantmnghfabm ofpeiegat hat ﬁ%@nmesk _
di sl ocati ons L

Wb%hg R&aEH ﬁé Fégﬁﬁﬁbeﬁﬂﬁﬁsf?ﬁsﬁaﬁﬁﬁPy1206*““”223$nanﬁ§RCk‘

bPacRNdifb a0H thal SIRRI e Veridfaldy 1st9ﬁown as.

mask 3b, are in configuration (c) at a given nonent
aTHephedWinepe curvature Figure 10, (a) represents a

mask Mﬁth [ enin . directio '

unequal wi H¥ A" %pgzlﬁﬁp ?&k?b;ﬁﬁn& O Sy %gnfﬁaough
dﬂES&c&tibn@DQﬂtngﬁ aaongibher made by a two-step ELO
process, starting from asymmetrlc openlngs The sectlon'

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

durlng the second step is shown in dashed grey lines. The

~type C dislocations that originate from coalescence Jjoint

.are curved at 90° when they meet this facet (point 2).

- . Figure 13 represents the variation of GaN

patterns when the process is implemented according to the

second embodiment described above;.

-  Figure 14 represents the variation of GaN

‘patterns when the process is implemented according to the

third embodiment descrlbed above

The flrst part of the example has been taken from'

 example 1 in WO 99/20816
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t wo type‘[l-loo] directions; Figure 11 represents a
diagrammatic view of a two-step ELO process stauéghﬁ% 2007

"fron1open|ngs in thé mask- %8 wi t h unequal Wi dt hs
k

first step is-shown as a th bl ack 'line and the

second pl anarisation step is shown as. a dashed line;
Figure 12 represents the structure of through
dlsl6@aﬁp@mspnnaaeeahntmpai|nykeﬂurzia\Mseﬁéﬂpéiailnﬁiat

Th
BEBEPIRTOF (R PRt nd el BSAPIAI § hefialsis  in

f,vsspegrl SPISAMN F Pq%aa;ymme tHiRe- 1%},&0%%' 9e1euhved @lide
.90 are identi o
{8bsar vBAifk) t his si@oseastecbatqnera Zhe. {ua- 210 fpametthlck

by doiokued otiina, D RSGRRR. NP 15,200 . 1o

'andnot di-slocation I's

vapbgirnatiea §¢ ompd eakescence gjgoiont, Bhe @larl\rq@r@tsg@rce is
when they neet thi's facet (point 2). Figure 13 .
L ePPES¥ADELE Ay ar(TaiGadn éﬂKCaNﬂ“patﬂéFﬁ@gﬁhenSPhéce is
S i g t econd -
A e o er gt BESEL ShRTskEn' WinsERoBEONTS the
var i 8¢ oexpér Gadhtpat tendstwbea hhe psoctessows:

R I mpl enent ed accondin%%%o the third enbodi nent

desctibed2Epsve 155 Wﬁl@l?héﬁir%qu%%rguaFt%Fées of HZ-
agdanpl e( @&§lhﬁ§ﬁ t ak@i koM s XA £ %hrBu?H %9/§Q§a§ate
24 January 2007 23 An appropriate vertical reacto '
Ph@%d (dpetéainhg at - at nospheric pressuLe foE
a yrol ysis.in_. Vapour Phas t axy
th|n $§§%r&£¢&tgl?fuﬁﬁﬁ|F}FaE _ ﬁt?ﬂigﬁy- 8% gafllum
nitepbséét ed @nia Z@@ert@ﬁ!ﬁllﬂﬁﬁﬁfhi%&ide is deposited in

the growth chamber. Asymmetric openings are formed in the

‘dielectric by photelithography, with 1 um and 2 pm

‘openings (mask in- Figure 10(a5); 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 particnlarly along the [11-20] direction of GaN.

Epitaxy is resumed on zonesrexposed'using GaN not _
intentionally doped under- operational conditions of the
first resnmed epitaxy in the two-step process such that
the growth rate along the [0001] direction of GaN
patterns is suff1c1ently greater than the growth rate

along the direction normal to the 1ncllned 51des of the

~sald patterns. Under these conditions, growth anlsotropy

causes disappearance of the (OQOl) facet. The first step
in. uSe of'the'process terminates when the (0001).facet'of._'

the GaN pattern dlsappears At the end of - the first Step,

the patterns are in the shape of strlps w1th a trlangular




.
~ obdhfhehentd y caeeat erst hahddie grawth rade I&%ﬁégemen

15

20

- 25

5 sapphire substrate (0001), by Organonetallic

pyrolysis in, Vapour Phase Epitaxy at 1080C. Th%4jmmm&2001 :

gal l.ium source is. trinethy&gakliun1(TNGa) and the
nitrogen source is amoni as-Many docunents describe
-such a nmethod. The experinmental conditions are as
follows: 10 The gas carrier, "i's a mx" of equal" o
squdritont | esltof ttemrid Necefd sitimprAsmoataochs {added} . or

e ReBRRTER & o LB ey PRt D A 7L S LRl ere

oraveredl sidhgon 1pitigidesks deposited 'Wthl%ﬂék?ual size
‘ dnthe -

growt h'chanber. Asymetric openings are. forne
{dienveet di2¢ -by phot ol it hography, with 1 pmand 2 pm

openi.ngs k in Figure .1Q(a)). The linear openings
,aPe &ggvg%ggégoﬁgﬁ? %ﬂqgﬁégfeﬁgniF%PTﬁﬁglﬁ?} ?¥¥choﬁaN
bef fBdl £l idowgle t@ﬁo@mcmsﬁdﬁﬁfo"}be%kn At 26 £XHP| @ he
can 20 eventual | y.he carried out for other :

. LERPEREEDFENS 0fl L 28p6ni iy aadd i aragnes Ay ihethe form

11- Is [ ' L s JERLLAX Y 'z
o Bod Skt LR B Lo ERLL R pB BRI 9R<7 08B0
pbpeeat.i difed - @dGdi tfbme dfs t heo ﬁmo$e/meﬁﬁned emkiaxgpol)
[ he two- st Y h, that 25 the growth rate
£3P6Hg FREDPBO6Y] Olr chPonVoFtEAN At rBRAG (€aN pattern

direction normal to the inclined sides of the sal
dpuelepnyitbndemansésn cohdihe od§00d) ovfieleedusi sotd,opyn. the

di f 00 f t, T fi t
cEpbass, ganpaacpnsg o Lhe (O00n Tacer, TaTuiEL
of000dpe f aceti adlyulbke Gahkpatheln div@ppedRsceft thelanks

end of the first step, the patterns are in the-shape
(BF1girppsndgi t hramt rdhhfarant 24s3apdarpabbeyns) 24coalesce - |

b%ESEEOE ﬁ%itgoefegééﬁceagftélfjﬁQtQéiﬁQEafﬁo@his variant
11-22,?or - , -

of _the ELO, the 'eoaleecence‘-zohe (or the coalescence

joint) of two patterns-is no longer a plane parallel to

the openings but 1is a plane  inclined at an angle
determined by  the ratio between the growth rates aloﬁg_
the ¢ axis and laterally. The secoﬁd step'terminates'when
ell flanks heve:completely disappeared, the upper surface
of the depesit.fermed_by the coalesced patterns' of GaN
then being plane. o | -

Use of the process according to the invention as

described results firstly in obtaining a plane GaN leyer,

that can therefore be used as a substrate for -the
subsequent deposition of the  component structure,
particularly the laser diode - structure, by fesumed

epitaxy, but also leads to a very advantageeus.

_impfovement in the erystailine quality of the- Said_

_-substrate. The linesiof'dislocatiOns'Qriginating from_the




L0

~ (Figure 12). 5 The second sjep consists of resuni'ng

- {1-101} dependi ng on whether the initial strips were - °

oriented along [10-10] --or [11-20]), wth. Unequa!__24sjié%u%ry2007.
epi taxy by GaN by nodifying”the growth anisotropy (by
‘increasing the tenperature to 1120C or by adding -
magnesiumin the form of a volatile organonetallic

..Sﬂ_bﬂﬁp(ﬂ%,cﬁawg)laiwrt tRrapgmaire phaeegh TRECTMIEST Fowrps in

100 I i - .The (000 et pear s,.at e«
PRonlaR: Srot el diN At B o OBt aTFER o ft e Tist
stépst qitaset Thes&dGal pahser nchd hdhsldedeliop wiides are
~expansi on._of the (0001) facets and, on the contrary,
curvedudti 88 | 4t ReSEFRARSStARe to the asymetry of .
t he j ul p s, Lt agq| ac 1 ;
(oriE%%g??ngq?ro%?%?&?ergnr@ggg%d %%%?%éﬁgéﬁcogﬁggggonlc
mbefoseoppt almarmal efcehbe dfaydt phiserostdainetdhi snd the

variant, of the ELO, the co cence, zone (or the

o{BLpEatints e ntytEraaG diis cfHave s sAoh Seh e when

tRLANRcRer ddRlrd of 11he2 pReRi AgS thet ¢rowdk Rl HMEL that can
inclined at an angle 20 determ ned by the ratio

' epetmeenatheticowdiedamdsical oy eS¢ @keWthndphase are
ay@igrally STQ$a§QQ999 FLEPe L 4L AL €S NhED cﬂ4'tﬁ%aﬂﬁék.
ﬁave,conp?ete % of the

y di Sappear ed, the upper sSurface

Ddepesi Lihesmetehy drippalestishpaiivseisi ofis Gablralbheb to

bei ng pl ane. 25 Use of the process according to the
thavehtFarcast E@%cmﬁﬁgﬁdr@§ﬁl%@YPFrStIy in obtaining a
pl ane GaN | ayer, that can therefore be used as a.
substrate for the subsequent deposition of the
conmponent structure, particularly the |aser diode

. structure, by resuned 30 .epitaxy, but also |leads to a’

very advantageous inprovenent in the crystalline
quality of the said substrate. The |ines of
di slocations originating fromthe .
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- obtained, and the dislo

.24 January”2007 25 subj acent Caleayer pr opagat e

“through openings fornmed in ‘the mask vertlcallyljlgﬁg%yﬂm7
nd o

patterns created in the firgg step. But, it is fou
that the dislocation Iines are curved at 90 in a
second step. 5 Figure 12 shows a high resol ution
el ectronic mcroscopy inmage of the layer thus
7 | d%ﬁ%ﬁﬁ% are curved at 90 above

each openi ng when they neet facets {11-22} during the
‘growth. Al that can escape at the beginning of this
growLh phasesarefdd dﬁﬁtnqgtbonﬁilmatoﬁrigﬁlﬂﬂumu mitthe de
‘centre of -the sk -Defect |ines then pa ate al ong

ANEC L GHS" 1 alFer (2 ke satFace ! TR Jé%ﬁ Dy

- vhﬁ%ﬁ& gﬂagénu Yth$7 gﬁaﬁgé%ééiséd Fiﬁcaﬁﬁnfo&he GaN

nmeking a fil fumnitride (GN) starting from

‘daPSBbStr@@mﬁriﬁe@e@USI1Eﬂ§tGHHMbyvapapGuﬂﬂyhaseepltax1al
: i taxy, characteri: hat th osj t
188 RsP e hE TR | BEDL pbep B Tebi YT aftsieast one

offatgeak pyer gre leEp@)ecetjeﬁ bghdtichihjabrabpeaasys:
one of these ELO steps is preceded by etching of

openrngs ‘eitBpiheini A a PIEKAGUSlY depesiitad ~dielectric
lectric mask,.= or directly in the substrate, 10 -

an “in that an asynnetry is introduced into the

di sl ecat i opsdeémectagnent tder snpsometef the ELO steps

so as to, cause the |argest possible, nunber of . B
di's| BB i i0h By abBr ESVISICY oy edh HF SROESEH o the

. dﬂgioe%ieﬁsatenvtl%rwr&a%ﬁng hen&alNd aygr #WSsteps so

i5

20

25

30

obt al ned
as to cause the largest possible number of dlslocatlon

curvatures, since curved dlslocatlons 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 either by applylng

an electric field perpendlcular to the growth ax1s, or

applylng a-nmgnetlc field, or by "illuminating wusing. a

lamp producing UV radiation at about 170 to 400 nm,  to
cause preferehtial growth'of a single family'of facets
{11-22}, or | | | |
(2) by making openings with ﬁnequal widths or.with
unequal geometry, either in the dielectric mask or
direetly in the substrate to apply geometric shapes to

the GaN . patterns to facilitate the curvature -~ of

.dlslocatlons

3. Process accordlng to claim 1 or 2 characterised

rinrthat,asymmetry 15_1ntrpduced by_mak;ng openings'either.




15 2. Process for naklng a filmof galllun1n|tr|de ‘GaN
according to claim1, characteri-sed in that asywq?ﬁghmymm7

" is induced’ (1) .by varying ,growth paraneters e

by applying an electric fleld perpendi cul ar to the
growth axis, or 20 applying a nagnetic field,. or by
|Ilun1nat|ng using a lanmp produci ng W radlatlon at

labtbe tlelect40¢ mask or ddusetgnefiar ditg aﬂut@rtawt’dﬁs,ofthat

f o
2352 PaoEohilh i e S AR, SR R "Basic

' pgeesehry.ofel tAer peribiecdi elagidils, maske or baghl‘:eCtﬁa}ttern

10

15

20

25

30

- cgpeingidesn

in the substrate to apply geonetric shapes to the GN .

- COpREiEiRg BE fgesti LabtPePHEISuUr vat ure of

di sl Qcabk%%gs 3805‘% Sty a%%orc‘?i%‘ﬂut g ¢l &Hﬂ&c@é%f%ed 1n‘ |

characterised” asymietry i'¢ introduce

theki nghepepengsgei tawes 24 ndanuaiyx2§Ois, t21anglese or a

di el ectric n%sk or directly in the substrate, that '
PI GhE§GaPPERATESymetric forming a basic

pat t 81 NpofcasReLi-Rdi 61 Gt WY K@léﬁ? @aé&.»cwahhgmctemed -
conprising at |east 2 openings. 5 4. Process according .

| 1no thai m@rigithiractieatviek | nexteadst halopgni hhe arld0- 10}

d |ne hexagons triangles or a conbination of thése
6ﬁ8 8 . 5. Process according to claim3 or 4,
char acter:ba@gs igxddielipey i ©di enpetomy koextendms- al opg 5,
the [10-10] = 10 direction. 6. Process according to an
chbazastesiaras 1D tda; cRheratdbriatarah eHargEpyEAxi(BLO)
I er ) t S y
g%gé? gsegég axy%& bf‘ e\%(p?c)uf p(haa%) %‘_ﬁax?f from
chlorldes_ and . hydrides (HVPE) , by OrganoMetallic

'pyrqusis in 'Vapour Phase Epitaxy (OMVPE), or by CSVT

(Close Space Vapour Transport).

' 7. Process according to'any one of clﬁims 1 tor6,
charactérised in that the epitaxial 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. 7 '

8. Process accordlng to any one.of claims 1 to T,
characterised in that the substrate is chosen from among
sapphire, 27n0, 6H-SiC, 4H-SiC, 3C-SiC, GaN, AIN, LiAiOs;,
LiGa0;, MgAlO,, Si, HfB, or Gahs. S '

9. Process according to claim '8, charactérised in

.that the substrate is a sapphire substrate.

10. Process according to any one claims 1@ to 9,

characterised in that the gallium nitride is doped during

.at'least‘one'epitaXial'léteral growth in vapour phase

using a doping substance that can be chosen from among
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chl ori des and, hydrides (HVPE), by CXganoN@taIIic 15
"pyrolysis in Vapour  Phase Epitaxy (OWPE), or \Q;yzmn
(C ose Space Vapour TranspoEQ) 7. Process accord!ng

to any one of clainms 1 to 67 characterised in that

the epitaxial |ateral overgrowth (ELO step(s) are

" done! al ong one of the C(0001), M1 20 100), A(11-20),

mRgbes02, - Sglfcll)bandl N{id, 23yabt fmes ofarkdre, silicon,
‘substrate Process .according to any one of clains 1

ORgaen, %ﬁﬁrﬁ@g PRIBFTLHM hat the substrate.is chosen:

f r om anopgocs8RPherddng B ot SECe136nS & to 10, |

-GN, AIN- LiAI®2, 25 LiG®2, MJA 04, Si, H B2 or :

CGaagctgrlpedceas ‘thetord ngoedeatmlm dimuadtter |ss7esd1 |ar$ In,
hat,, .t he.suhs pphi_r rat
éfo%gésgacggrg%%%% g%gﬁyigngﬁclgli%q%mt% 3r1 ,
char apt epksedsknathatrdihg gal ldrymdend rofecisigdepedto 11
during 30 at |east one epitaxial lateral growh in
Cbaﬁaegeﬁﬁagé udingthatiopthgyy sepRREME® 3R @hirhrd . in a
J¢hesep EEOﬂPSanDng 24 January 2007 28 nmgnesium :
~zinc, ery fum cal cium carbon, silicon, oxygen
tin &add. @eouaasuaucbrdlﬁgodﬂssihtnmrHEngcharauyemmsedfin

B PP egreugRagtFRORS 08 hindia Sek i Paalieod LA kese

1g?éisl um aaaa %f?y ol QSesse ASSOF SkPOrtomanYy187¢485 and
ai s 11, characterised in that the openings

hadéldeéhe(divﬂm a byl regandietmskic 1Byrpiyséss in Vapour
PREFS Sridaelt  RRVERT T BPecYE HebRecn war payaron
Tkayspotrs) ade by vapour phase epitaxy from chlorides
and 14. Process accordlng to clalm 13, characterlsed in

that the formatlon of the GaN base layer comprises the
follow1ng steps:

- dep051tlon of silicon nitride with a thickness-
approximately equal to one atomic plane,

~'deposition of a GaN buffer layer, _ ,

- high temperature. annealing at between 950 and

1120°C, such ‘that the buffer layer changee' from  a

'contlnuous layer to a discontinuous layer formed of GaN

patterns 1n the form of 1slands, then,
- deposition by epitaxy of Gaﬁ.

15. Process for making a film' of galliun11hitride

~{GaN) according to  any one of claims 12 to 14,

characterised in that  the process comprises two separate

vapour phase epitaxial lateral overgrowth (ELO) steps,

‘the GaN dep081tlon durlng the first step is made in the

'GaN zones located in the openlngs, and the GaN dep051tlon -
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_condltlpns described in claims 14 to i7.

hydrldes (HYPE), by CXganoNEtalllc pyrolysis in Vapour
- Phase Epitaxy (OWPE), or by CSVT (C ose Space V.
Transport). 15 -14. Process iccordlng to cIa|n11§Q9%&my2007
characterised in that the 4%rmation of the GaN base
" layer conprises the follow ng steps: deposition of

- silicon nitride with a thickness approxi mately equa
.'dh@lﬁgethéo@ebdﬁdﬂkteﬁﬂlead@posilhﬁéral aveayrbuthenintil

¥ gh tenperature annealing at between 950 and -

CQ% 9€¢e§88hoﬁh5?etﬁéNbEPFEPrpﬁyer changes froma -
Comwuoﬁfob%gra(:%o% %C%“én[ ié‘{el‘:hB%E‘EQrQEed in .
GaN, -patterns In the i sl ands hen, .2 ,

tblapostll‘ta o@aby @md:ﬂ)tymmf @ahing5.ther ofesst f @rtapaklmgmade'

itrid di ng_t
uhEf SodT | RN Lo o GN pageQrdl ALl Ry P0% g
tRENMRIIDES. tme%e:pﬁf@t £s %@@9Hérp|¥:@§a@1 epid axhBbrhat gi-akith

overgrowh (ELO steps, 30 the GaN deposition during
rehe, f jansk thepGal¥ rﬁm@awwme dgaiNng ofibs |seeinel skep is

- mb i ORROLNGRA: 300 he GO dRpaST ELAN; 2o0B"URLY 2007 ine

era

duri secon overgro

- 1lavkikl gﬂﬁhﬁﬁceace [0}] gheaﬁaﬂ pRthethe. gibwtRr eaessalong

accordlng to claim 15, characterised in _that_the GN
thaeps8PPlon daRERE OPhEf iASstt S 1Rpraan nhigk!  SoahBeFence of

+HEoMt b gppdi tions such that the growth rate along the

,<8%%1> dﬁrectlon is greater than the |lateral growth .

'rate17anHrohesEhabdepd$ng|mn {d&nmnglﬁhechananﬂesiegd in
[ conditions_su

- d . modi fied
thin PPRomORiTe AR 6ot TR 4 NG et e FHARE he SBtain

agnawbhanat@ @t drate higher than the growth rate along
the <0001> direction consists of addiﬁg ‘magnesium,
antimony dr bismuth. |

18. Process_accordiﬂg.to ény”one‘of ciaims 1 to 11,
characterised in that the openings are directly etched in 
the substrate. ' '

19. Process according to'clalm,lS characterised in

,that thls process is 1mplemented accordlng to operational

-

20. Gallium nitride film, characterised in that it

‘may be obtained using a process according to any one of

clalms 1 to 19.

21. Gallium nitride’ fllm according to claim 20,

.characterised in that it has a thickness of between 1 and.

20 pm.
- 22. Optceléctronié component, characterised in that

1t lS made from a GaN fllm accordlng to’ elther claim 20

'or 21




10 the <0001> direction so as to obtain full _
coal escence of ~the patterns. 17. Process accordl E

. claim16, characterised in hat the nodification o?ﬁihyzmn
~the growth conditions to ob? in -alateral growt h rate.

hi gher than the growth rate along 15 the <0001>

direction consists of addi ng nmagnesi um ' anti nony or

bi smiBh. Le8erProdesdeaccoplibhgdébeatyr oneowf dranss skor,

characterised.in . that, the open are :
chiprattry thodt nthtte dbetial 8o 15 0m, Gredal  Filn

| a@@@%@h@gtboeqltﬁbm t8aighapagteniised in that this
process i s inplenented according to. oper at'ional’

conditions described in claims 14 to 17. 20. Gallium
nitride film.characterised in that it my be
obt aiined using a.process according to any one of 25
clains.1 to 19. 21. @lliumnitride filmaccording to
claim?20, characterisedin that it has a thickness of
- between 1 and 20 pm 22. Optoel ectronic¢ conponent,
characterised in that 30 it is made froma GaN film
according to either claim20 or 21. 24 January 2007
30 . 23. Laser diode, photodetector or transistor,

" . characterised in that it is made froma GaN film.

according to either claim20 or 21.-3




