PROCESS FOR GROMH OF LOW DI SLOCATI ON DENSI TY GAN
Field of the Invention The invention relates to a
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substrate, and nore particularly, to a process for
epitaxial growth where the |lateral and vertical growth
rates of the material are controlled only by growth
conditions. It also relates to a nitride sem conduct or
waf er havi_n a and
a nitridepggﬁg% n&b %%%ZQQF%@mﬁngé%égﬁtﬁﬁs ?%ﬁw
Description of the Related Art GaN—based conpound
sem conductors, such as galliumnitride (GaN), the
t eFRAY of thd I¢atiod Ndium gal lium nitride (I nGN) and
gallitumalumniumnitride (GaAIN) and even the
quaternary (Al Gal nN) are direct band gap
I f .

?kec Hﬁ({gr?g%at\e/? Eﬂ%l rB’?e@Q E}%ﬂgﬁs&%@‘éﬁ é?\)t@ﬁcﬂsq!)cea%ghgﬁnsny GaN on a
aI émtr&emrﬁﬁﬁdie Paaicalaalyetor Lerogess Zedckpaaxinbyrionth gheatthe lateral and
otentlal short wave | ength en1SS|on GaN i s used
i nV?rH%a r%?m aréfeé 0& Uy mpiegint arg rﬁoa&r?lhegl ofly fyLreybrropditions. It also
bl yeryd @f gt nﬂrﬁﬁegen&%&gﬁ% ¢ LR ﬁ&qn%"\é @%Neﬁié/%ﬁ forfi*@ by such a
next generation of hig en3|ty di ST syste (blu-ray
DViDethod akiDa DUGle \wﬂlllcomcbqwrrdev1®prddhc®l-themlfﬁnn.LD. In
addition to optoelectronics, due to its intrinsic
properties (w de gap, high thermal and chem ca
st plidripti¥n ohilgRli&EAFON saturation velocity), GaN
Wi TT be used as welT 1n the fabrication of
hi gh-tenperature el ectroni cs devices. Unfortunately,

t h%aquel% eec?fggi%ﬁgltlt}o_] b Br %(r%n RdiRt §eurgc haﬁogaqﬁumo1}11?rpdehﬁ(f%r (:flge ternary

by “pro essing ogy
medieyyis 2l rgliurpellRm hitedhHaGaNyRad teaniunP bRBligHE hitridd@GaAIN) and
devel opnent of I11-N devices is the |ack of gallium

ni eYandae MUARIMaph OBy ae dieeichndiap sgaiugondugprsg Their band gaps
of .l t W%?ﬁl%&l?& eeq(te%ldp%a @n‘? S stﬁﬁef‘ 9{,0 gﬂ? olilerlcgf'&rfﬂef ﬁﬁlide alloy

density ayers I's not found In nature;
CamﬁmtmhﬁwWEiMﬁdraﬁ@npﬁﬂlaﬂhﬁwng1@ﬁhopbmnmﬂkﬁnsﬂkﬁw®nwe length

galllun1arsen|de or. sapphire, cause. at usual X
pr BEEHPBSURN IS peddR e maRulpgp 9@ gﬁéﬁ%&%& diodesdl ERseblue-violet

| Bis B&RSI(BDL LIhdTEURRIRIH. &he RERASIARGLIE) of high density disc systems
(blu-ray DVD and HD-DVD) will require GaN blue-violet LD. In addition to
optoelectronics, due to its intrinsic properties (wide gap, high thermal and chemical
stability, high electron saturation velocity), GaN will be used as well in the fabrication

of high-temperature electronics devices.

Unfortunately, the development of nitride materials has been hampered by problems in
the processing technology of such materials. One of the most important problems in
the development of III-N devices is the lack of gallium nitride bulk substrates of
acceptable usable area or of lattice-matched substrates for growth of low-defect
density III-N layers. GaN is not found in nature; it cannot be melted and pulled from a
boule like silicon, gallium arsenide, or sapphire, because at usual pressures its
theoretical melting temperature exceeds its dissociation temperature. Substantial

difficulties have been shown when attempting to obtain large-area crystals of any



difficulties have been shown when attenpting to obtain
| arge-area crystals of anyGoup Ill-nitride that could

w@emvioskaseui t abl e substrates for? devi ce fabri CBtT/BP2006/069767

10

15

20

25

30

GaN bul k crystals can be grown by high pressure high
tenperature nmelt growh in liquid Ga. This technol ogy
has been devel oped previously, but the size of the
substrate (~lcm 2) and the volunme of the potentia
mass producti on do not reach by far the industrial
negtp Nevisridhaeseuldawodigt evitalde nybstiagss fon@lzvm falggation. GaN
have .been, achi ev th| t hod
nialgllé ?al% \(,‘Vsrklbe grawil, %%(l)]llg PR Uk I gggt?mpgrg ure( %to%tgwﬂy in liquid
Thgat Eﬁf@nﬂeétﬁﬁogifuhiseﬁéénydéi&ﬁ@eﬂ %rexhb@lf' abiti thatsiRNoOthe substrate

relatively high qual GaN and rel ated | ayers involve
t hie- 158 e piask et uedpage %fe%lsant%lﬁl &rasy peyicdey ideenqt ggagh by far the

on u I I |y -2
s AR Sl ol (TR ARSI A 1 o” have been
s ajghiidvie@ ,usisigl this amsthdhAsGategsiyl and @) Poasviadkdl€ThiSblid Films, 367, 281
het er gepi t axi al substrates present challenges to the

hiéﬁ ality deposition of GaN, in the formof lattice

and thermal m smatch. Lattice msmatch is caused by

the difference in interatonm c spacing of atons in
di §1<;¢ trichmiques gsteally usdth éorrthe fatirsatdre hi rdatoalskigh bpality GaN and

D ot R ER o v cing, Moy EXREIRAfSH & g dbvice layer onto a

C Oﬁﬁﬁaﬁﬁtb@‘}loﬁ‘-@eﬁp RiYstretesabgtABL ficRishib@fatesiin@mad that aRfnot limited
GaN, a continuous GaN single crystalline film cannot

betogrsepwhingi sibicen.yGams oh élhs;ap pﬁrhi@e sﬂbélﬁemeeltamal substrates present
Thgh %FI?%% ta WP Ell%%ﬁ(ﬁu?l 1téfr p%ls@w%l 00? (%[%%Innth %;nh Sf t1<:teI &4 thermal

is're yer
t hmlmahlma@tl@ubﬁdnﬁmte 1sabaLfSed1 Oy thenpfE@hed e 1ﬁ81fdtdn|ﬁe Nspacing of
GaN i s _grown thereon, has been proposed, and is
cuptPBin 918%;@11 agoatalso Thewl isnHeh scaussyd by differenegs in the thermal
| a a buffer layer has
en%(t agﬂg?ﬁ%fg%lﬁ%l ﬂee%ésn?&'%% Frﬁﬁgéﬁ{é%fa?%m al growmth of GaN.
Fbmever even thls nmet hod cannot conpensate the
t|c smat ch bet ween ubstra he :

%@P%ﬁ GT%\ (HE® PstaBhRf & Fap %%%uﬁ%trﬁtﬁ |d1flﬁq5ﬁ§ Al @t continuous

Sag@qu §1ﬁ%én&y§hﬂ;ng ayieh REGRITEL Rfowit Qﬂ@@trl)d oRUAR! ERpRRe substrate.
growth, despite significant lattice

m §h®‘t‘foh@9 piSocsh Wiarge thd sinein ofdbe lattaet isoclidved in a buffer layer of

foy Tﬁ Q?aI\Pfgro\\/Venr n the sapphire substrate at a low temperature, and then GaN is

grown thereon, has been proposed, and is currently achieved routinely. The use of a
nitride layer grown at a low temperature as a buffer layer has enabled the single-
crystalline epitaxial growth of GaN. However, even this method cannot compensate
the lattice-mismatch between the substrate and the crystal, and the GaN film has still

numerous defects.

Sapphire and SiC have become the standard substrates for III-N growth, despite
significant lattice mismatches. Such large mismatches lead to the formation of very
high densities of threading dislocations (TD) (~10°cm™) and eventually cracks.
Thermal mismatch should also be considered. Typically, after the GaN is grown, as

the sample cools to room temperature, the difference in thermal expansion



hi gh densities of threading dislocations (TD)
(~109cm~2 ) and eventually cracks. Thermal m smatch

w@e bmales7sd so be consi der ed. Typi3cal ly, after ther/Eeddoé/a9767
grown, as the sanple cools to roomtenperature, the
difference in thermal expansion(contraction) rates
gives rise to high levels of stress at the interface
between the two naterials. Sapphire has a hi gher
coefficient of thermal expansion than does GaN As the
sa@phiratcéloghrﬂé,w gives msedtockish lleaylerofc%@ss dlohp intethgce between the two

he |nt r.f.ace h GaN .under

conpre(relggi %%Ppth Hg tena %\her P 1C16’n d%ﬁhﬁ%%%lﬁé‘ﬁa“%“ than dggs GaN. As
andRhpireSubRGSe Akl (daN ec}tek Yodl@odhethe tn@isbeh ahihe kiveace puts the
of the deposited GaN, such that t he thicker the film
t hEaijridgdeiesonessiary @glsthe ﬁamaee ander) tansion. dibyedtae émount of stress is
ab r

5 ¢ rglgé[cl‘a }Ore e:chL1 tt82[ﬁ% %ﬁ@ﬁw% Bﬁh% gé{sg reg(:(gas? %%91% ‘tlibﬁ the, thicker the film,
maghergsatit the Grragk $\biowe tahtiilsn Hﬂg/l&ﬁesﬁﬁﬁalmwﬂmrﬁﬂ:ﬁons the stress levels

desirabl e than high djslocation depsitie nce they
A1 81& churg lljlln?lwgofj tﬁ% Cb’u%@gg &ragkingof, déevﬂ.% may result Cracks in

ST{HHC w'é{i‘ areAleLetf h&s LRSHE QFAF @) gcl:ld BRI QPSR AN RHficst Eiﬁce they may

epi taxy of or sapphire or alnms to reduce t
T[})I@pw@lttt @urargihapmcclssmgacdldeﬁmp weedtae, Alfhlee exlnrsﬂ@eaé defelopment

10 {)f &gee%g%g}f gﬁ@&érg%l%% 1{5% gggh(zl\g;)n%? icggegsu{:e)%ﬁeaﬂsi (pe%sity and avoid

Slgﬁaiﬁﬁﬁﬁﬁéﬂ deteriorated performances and results in
a shortened operating lifetine of devices. Mre
specifically, t he di sl ocations behave as nonradi ative

ftr eeﬁ%stetnb:el S?tr R cfepe%ts 11 adl%m td}si cgt1oer];sf 's?%c?({]ncrg faults, and

i odes aser

t hﬁﬁﬁbhﬁm lﬁfumaduses) hese ﬁ%ﬁiﬁ@aﬁﬁlyl dHtEiloaétS@peﬂﬁﬁEr@iﬁS@ ztnﬁ&esults in a
dark current. Although t readlng di sl.gcati ons have

15 pr g\péqetl%opqqgl%l\ﬁgp@ﬁ@ viges. AVIQfS-spesifeallye she dlslocatlons behave as
L gl diidd 'c@ﬂ&reqI ‘ﬂgﬁ redﬁlgﬁﬁ di, 8! 12%1@%111%?1;; C&ﬁ@ﬁncy of light-emitting

excessi ve rever se- akage rrents-in
j udiotiésomddiavércdisdes unirdcaioi tglaseeﬂnetetmksnThnbldmlbgatmns also increase

transj stors, fjeld-effect transi stors and ot her
@]etd@eh?le‘realév‘}l%}@egh ﬁHF%Gf\%% dlS[;ﬁ@ﬂ%S&as% T Rfﬁ%enéeg‘nthséﬁvelopmem

asoisltuéﬁ %ﬁtgﬁﬁl@ést 1850 '@:ﬁut@ﬁg &R s [ BE a&RS cﬁ’u&{ssoaugéqe‘ﬁ:esswe reverse-bias
reducing the nobility of el ectrons and holes, limtlng

20 t hizalpreef orrentscie ph Jmaclyons émlmn@uhtztsrhlgh~\¢leeeen-moblllty transistors,
d eﬁgl %&q“[ﬁr{sg%{%t 0 ! zlglhe etg)r%cs(l chaeg her thee Z1‘1sl%ceg[10ns can act as

strong scattering centres for carriers, thus reducing the mobility of electrons and holes,

limiting the performance of many semiconductor devices.

25  Numerous methods to reduce the TD and other extended defect density have been

proposed.

Historically, Hydride Vapor Phase Epitaxy (HVPE) was the first method to produce
epitaxial layers in the early 1970s. Because HVPE was unable to produce p-type GaN,
30 it was largely abandoned in the early 1980s. Nowadays, the renewed interest in this
method lies in its ability to grow GaN at high growth rates and thereby allow the

fabrication of pseudo-substrates or free standing GaN. An analysis of the reduction
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GaN, it was largely abandoned in the early 1980s.

Nowadays, the renewed interest in this nethod lies in

its ability to grow GaN at high gromh rates and

thereby allow the fabrication of pseudo-substrates or

free standing GaN. An anal s of the _

r e@@@halntﬁﬁT%EIhQﬂNsmwwd@NX@ﬂ@@@é@@ byCrvit Kirewdt, )01, predicts a

. 01 f the TD
e eaa%gﬁhgn ]as %Lé c[hHHr Eﬂleestisucﬁnesg %ﬁa{s%@?e.l“&ﬂ#esa% that L yery thick

t hayed gF-Y0U I Chrel ray€iFel (013800 The ar®s beqwi re€emt* o1 e@hep @ords, by
the TDs below 107cm 2 . In other words growi n
t hEORERS rha@k@f $ay§Sr BOoTeHnEFactioND hawsen \%@kwa r§| C@l@at@lfeohléce Indeed

glaglgéégt%fg)n ?ecﬁrr?tre!e ngc?e%t tsg rtéa?ﬁel 2L SVI%IPJ ﬁw‘f‘e{ L{n?éde@lglocatlons

ere nore m xe cations
ar grepresseniis thslaybiebdcayes thideonids 1tdice kamarityhedzel dddv@sions with
rily edge dislocations with | arger separa n,
t h%f@r oﬁeearﬁ%%rtgetef%ﬁ dNISECHAR PR S 1284 dlets ﬁ’éﬁy agfqe further

a ﬁé&éa@@rofdﬁgr&’éiﬁ%@y anf The Hé@@%bé Bélﬂ@ifcuﬂ_DFre*ées%'&E% Gale\,IC with TDs

difficult. Free stan ing Ga densities “of
106owiti2s neB elmbnalweeejobt@inbd)\fwlh)gwngtms pooesess. Ot her
HVPE t echnol ogi es have been devel oped to enhance the
rather inefficient TD anni hilation process |ike tuning

gr omeh ForitdchRMIS gRE hhNEL&AN dveRba@ e Bhhanbe tH @WeR itficient TD
favour anni hilation of TD through formation of

d| gndloketion mrw@qolske Hgm,ngegroaflth cuRliGBBIT 6o carhyotiege of the growth to
I‘ nat et e t S
7 P BT R ACRy 31 BHO5H KphRaRTl QAR Bhof EEG: . Us

|n&u®76@13i@ﬁsuﬁmﬁﬂ,a technology i nvol ves the
deposition of a defect rich layer (to rel ease the

stress) and another |ayer which snmoothes out the

9r Qb Ag: %H%ﬁl@tq\ee "f‘(p PNV &Jeq\eé?l ahsd Y&y évteéf I{—I@ﬁﬁr ﬁl §u81lt[' £ sapphire

process relres on gr owmw ng condi t1 ons
gr oibktiate at éescﬁb@:hlml Jbes73 1610, Sedue Itemgnd)lhgy dﬁinhwes yheocﬂeposnlon of a

stall.in defect usi_ng Epitaxj al

féfc aid vae(yp %tb‘PS eécl ot Gy g g@h%lgogﬁ% out the
St glowimPburfacé Qﬁ)d Earov(cﬁ‘) h1§1¥ aualﬂy 1oy Sucﬁlacﬂrb&\éé) ké{ﬁ§ oﬁttwo growing
| east two growt h” steps. takes advant'age of
fagﬁéﬂmgﬁékthuﬁﬁbﬁhybwﬂl@hE gi ven crystallographlc
direction to produce | ower

Techniques for reducing the density of crystalline defects using Epitaxial Lateral
Overgrowth (ELO) are widely documented, see for instance Phys. Stat. Sol., 2001,
(b) 227, p 1-43. ELO involves at least two growth steps. ELO takes advantage of
the faster growth of GaN in one given crystallographic direction to produce lower
dislocation densities (less than approximately 10’cm™). Nam et al. (Appl. Phys. Lett.,
1997, 71(18), 2638-2640) describe the production of III-V semiconductor materials
using ELO. This ELO method requires an initial growth of a GaN layer on a substrate,
removal from the growth reactor, ex-situ processing, deposition of dielectric masks,
and re-insertion into the growth reactor. Various etching and other processing steps are

included.
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sem conductor materials using ELO This ELO net hod

requires an initial growh of a GaN |l ayer on a

substrate, renoval fromthe gromh reactor, ex-situ
processi ng, deposition of dielectric nmasks, and

re-insertion into the growh reactor. Various etching

anth & andyd ddes é¢qligols>gjéspgowthepromsls u'ml @«ﬂlorqd tofpgomote lateral growth

st apdar.g, ELO techno is tallored t
or SRed Bererbf bR L QP RGBT pls S iy hne above
HoweVegeningOa e Sha&adndoms i@k diket LD shphildpigg atade %n&hﬁ%@ above the

the opening in the mask and devices |like LD should
nedaskse aggar | pe above the nasked area. In the two-step

d
EL ' . .
SeTULPFoE-SRBAREGIR, 00k SO AR b AR oty n e
Gadtea rtbe gm@]wmls taedlifianspif ﬁﬂlﬂ}bz&e tad]uaneg th prodséd trjpegulav dtitipds with {11-

(Oé%}l‘)%tef%llcfg‘{e%r 3' angacei1 r%tﬁThe by 2&15@1 %%%gl%g%g?@wﬁe growth

It ;F : Ica of il}f 1mf.lﬁ e}df {ﬂg?f %teraﬁ%a%t% u"lr“lé Elga %n‘i/@’ﬁ %&Scta 1% 3. The first
fages 1§Bﬁ‘ﬂ§h&i ﬁllltl/l tYl@%}? RRSt ca—thﬁl@tel}} Qaﬁs&@c@ﬂ@h ﬁﬁ @PsccbitE step, the
| ateral growh is favoured Gs>Cc ‘until conple

cobteé@lcgnwél m&vgmdt%ﬁ@c witiltdespdeie fcadescencrecme?asmﬂ@hmg of the

r rate can be achieve
| e bRt TR MO A a5t B A EERSH Bhe Yy pereasing the
VaR@iperapltaser in@bd 885 iMNGe tVABoRT BRSA IR dedf8sing the pressure. The
di sI ocati ons above t e wi ndow tirst propagate

vedlislogatiany abgvesthe pindaav ﬁf%ﬁﬁ)@ﬂaatﬂ@}icalbu {asgfttles yiandasd-ELO), but

beQﬁerQthj% %e%((l) bg%p o?d ﬁog ?ﬁ&#‘[%@ n%‘tgf: g(ﬁﬁ)lﬁ ggsg%g)laﬁglsﬁ’le bending

pl ane cations resu

I Nofmdstasitthe drs&d:uﬁ(onsomsmfs ihhedmstitergudtioni oY thbie depydgrin the upper
part of the fil for a thickness eat er than

t heArhel GRtis 1¢Her %Wlﬁ?ﬁe&%gr%tﬁ%ﬁhﬁ’ééheali‘elg O dhscpspmidebtained at
f I fisten@" AVhE iRl f & g “B%Ft(l}fthterkﬁl tions have a li
di sl ocat | ons tﬁa% a@ﬂ %ﬁ% adl?&{ﬁ ne 1-210] whi ¢ 'i?ns ave a e
expanidd tbd1+H8] cfdﬁdctesx:temtsetobﬂnﬂ nubaleycance Ibotuitrbtrpwﬁlgﬁl@vwergrown
om ng fromthe adjacent ri.pe. The

ChGP ST BT Tl die GHotHaT EtPeadba Al B (SERRAn afea of defect
t yRRan@fatBRNOWPHI$p&Qf oft Bidhatiofts08@thi Aodaliohdién the boundary have
boundary have been obser ved :

been observed :

- bending down to the void resulting in their termination therein,

- bending up in the boundary and threading up to the surface.

- a half loop is formed between two dislocations having the same Burger vector but

coming from adjacent overgrowth. However, TDs that did not bent downwards or

create a half loop, merge on the surface.

TDs bending can be explained qualitatively, from a simple free energy minimization

viewpoint:

- the Burgers vector of the TDs is not normal to the surface; this causes a straight

dislocation line to feel forces tending to orient it at a certain angle to the normal.

These forces acting on such a line are the sum of two terms, one acts to rotate the line
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bet ween two di sl ocations having the same Burger vector
but com ng from adj acent overgrowth. However, TDs that
did not bent downwards or create a half | oop, nerge on
the surface. TDs bendi ng can be expl ai ned
qualitatively, froma sinple free energy m nim zation

vi gnfhel ritis normahgo Bigr gease, welotegthe @ccmﬁéemoscts ¢o plgn the dislocation
nor I the sur hi.s causes
i R Tl Sl s i Ty UL ol Gy digpen atso of i
at clarfdr! eheenaipglof atsereinhBeii® tHEBbwesthesRide0it ©BS ofa tellfgeventually
on such a line are the sumof two terns, one acts to
r obigflece Rescrevhelidogatian. ot inEodise rﬁmscrtew eprEpeignt dhus, lowering the

e |

i PAEBE SEIRE SN SR Ah b, B B BE A8 E1 OFRLARbey has boen
di skcaaht 'q@antxﬁeﬁamd% &iesmlﬁlftrdpics ekaht&m@CtlEbry td1 ealemlefegmslocatmns

of a screw _being the Io at 9 edge
evektelat IyG aNoa&L?cémaﬂ% W%r 1o 15?% r%dﬁ?aibﬁﬁeAapl- Phys.

SC[ gy $9MRageo4s hus | overing the enthalpy of the
system 'Thi s behavi our of TD in the 2S-ELO technol ogy
has been recently quantified using the anisotropic

AT R RSP 88 o e
9@9@6%809%) ahd cARRleverPBYisax C'—g% as8@escABABId 2306399362 are other
Two-step ELO, also called F

20¢fficieaD atterBpioyl eadupng)tie (s égmsagéptuaHﬂAg%sﬁtmmév@r mnvolve the
Epj .t ax cri.b n US 6599362 are ot her

ef ?alngel %arslfc%%%%hgﬁls%g At %idl ng the TDs density.

Actual ly these nethods i nvol ve the sane basic

mechani snms than in ELQ ELO technologies have al sg

beBhO thgiinelagitsdive plsonpen ipplemgpniediip HWRE Hugug o tlephigh growth
r

¢ ot WRUP BN bEoTH O Derind? BREIIAYR, IRuBBFER AR dislocations are
HVPEen gemuated nHMPEwisdelryentis edidety gscawa brosk tiGalN Gy dayers to be
to be eyentually rquamg fromthe substrate. Msk | ess

t eR¥fRBIROYrFRO YAV E R ! HEMCi npl enented. Most of them

requi re grooving

Mask less technologies have also been implemented. Most of them require grooving
trenches in either a GaN layer or in the substrate to induce TD density reduction
characteristic of the ELO process. Alternatively, textured GaN surface can also be
obtained by etching as described in US 2003/0085411, US 6500747 and US
2003/0207125.

ALFAGEO for Asymmetric Lateral Facet Growth Epitaxial Overgrowth is a new
variation derived from the two-step ELO technology (US6325850). In the two-step
ELO technology, when a TD, which tends to become normal to the growing facet,
feels a symmetric structure of growing planes, either normal to a (0001), or in a
symmetry plane of two lateral facets, it does not bend. This is typically the behaviour
of TDs at the apex of the triangular stripes or in the middle of the mask. To induce a

90° bending of these particular TD, a new lateral facet {1122} has to be created at
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i nduce TD density reduction characteristic of the ELO
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be obtai ned by etching as described in US

2003/ 0085411, US 6500747 and US 2003/ 0207125. ALFAGEO

for Asymmetric Lateral Facet G owth Epitaxial

Overgrow h is a new variation derived fromthe

two-step ELO technol ogy (US6325850). In the two-step.
ELOMeskeoloddhs Bk pragessD Tonkivelr @ ewdsbandingeebi®s having already
b Bbeh g g8, BRChes hoC S BATRML o o apposc. These
( ORR)ple Béndiny entByibaTREProfbaAne dfcrédat@ehatfabeps. fTakelt Sllustrated in
it _does not bend. This is typically tlg1e behavi our of
TOEiZak wheee Fh&k voip inHEtedr frapymask epepinge ofodifferent psize. Since the

e HEURL ISR RS el oL oS then AR BRER Tyeers (Fig 1)
crébsed tapcsbre Sthagexpéridnbe nhllGplprmadsy. Tho ihdscduresdlts in lateral
new bending of T havi ng al r eady. exper.i enced a 90

be®@Miy TopodereghL ﬁNQYWéW§’&l“équ¥lffFI§BE§1Z%as to appear.

These nul ti pl e bendi ng enhance the probability of

creating half loops. This is illustrated in Fig.l

whéhe irEc@owabaviendis¢oatied thatotle nslsikdsopelrhings iy be obtained without

di fferen ize. .Since the parti,cul design of the ...
reiecrsanly e Sfeaush, P8 inE B madt SHElhrGh BF eayh fliigns. 1n the
( Fp@sdnt invdasioR tHey &heden®larrdy NBHYisRXOE b&NES FAdLTk i fRI# any kind of
bendi ng. This indeed results in lateral growh from

comeskang, noa Kpygherini doe Gt susfface]inof gtcbimng, 8pzgrooving but by properly
i nyent o have di ver h t.he .i sl ands.or f.eatur .
R e T A

I NMOVIBE, (bufBRK in HWPE, SeIuindtIbeE.growt h condi tions. In
the present invention, the coherent array of islands
does not result fromany kind of masking, nor

r 0?9&8@1@%&9 iﬁ\}%ﬁti&’?N L] @1%0%’ thB/, ﬁetr&tﬂ iLgIQttral WCI‘@BQJ%V&[%) process

bu properly tuning the groﬁ% con I ons.
Fuof fedneramegf TIh$, andetilo b psdapplave dBloeatiot denity fice standing GaN

MOVPE, but also in HVPE, CSVT and LPE. The present . .

| nSR R o b ASUF BB GREhAR DN ?f@éﬁﬂ?gug g 3enSItY_ is estimated
Ov gt ewtihe ALQYr RIRGIE T8O MIRHALGSY (?iFl\qf wish af0Wk & MRints edge
to produce | ow dislocation density free standing GN

usamiy naxerewisidsatienh cari by GabddohirsmescFheeddlhgln CL each merging

i G RSA Rk Yol esti mat e

ULO does not require any external action to occur since it is controlled only by a
proper adjustment of the growth conditions, and it can be applied several times during
a run. It has the further advantage of avoiding any ex-situ processing and re-insertion
into the growth reactor. The present invention thereby furnishes a process which

implementation is easier, and easily transposed industrially.

Summary of the Invention.

An object of the present invention is to provide a method of manufacturing thick GaN

substrates having an extremely low defect density and little warp and bow by the ULO



either on the basis of Atomc force Mcroscopy (AFM,
which allows to counts edge and m xed di sl ocati ons, or

whyoozasdreclol um nescence (CL). | P CL each ner gi PQI/EP2006/069767
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di sl ocation gives a dark spot. ULO does not require

any external action to occur since it is controlled

only by a proper adjustnent of the growth conditions,

and it can be applied several tines during a run. It

has the further advantage of avoiding any ex-situ _

pr poessivigdoahesirganyriged of wask, mporavgberyrgwehctebiagt war grooving the
Th resent invention thereby furni shes a .prpcess

whCBR STRB e ARRP Y e Lo Ba Il pperiiihs RIS BitpE ARt ghpmber. the
| nplsislrpradsue, tiuRmpENngt, thBey | Ny eqtd &d/orAsy Bbjagaitioffof surfactant
the present invention is to provide a nethod of
nePIUFESEiRGtY chamisyl seaniesinghe ¥roBs Phasei ng an extrenel y

| ow defect density and little warp and bow by the

ULOprocess w t hout using any kind of nmask, nor

r olilgh prekdiy  invedtior ashipagyidesod ngrtodvion thet redeailn sufrthiak ecrack-free,

and onl hangi ng the operating pressure in the .
gr GWEH O%ﬁgﬁbé’i‘ ,S‘_rllttsﬁ%“e&%\l"ﬁq %%IPSE)‘FC&%%%FE%@% ple® %F?ﬁ%grag{eﬂ peparation of
t hgre Viahtidd dor 8N QARG @Y (SRnakgithiyon of surfactant

or antisurfactant chem cal species in“the vapour
phase. The present invention al so provides a nethod

for the production.of thick,, crack-free, ers.of, GaN

t o BRREN BT B0 iRentidh fonS B8 il shRY FhRiRa, &Y process
af 4 RbrdaePRYI B¢ pRBeRfinveiflot arti ng non- GaN native

substrate for honoepitaxy. Another object of the

invention is the free standing GaN obtai ned by a

pr r dj he present invention. Brief
De@@?ﬁ%%ﬁ@ﬁﬁ%%gﬁﬁ%iﬁ¥%%%es_ Fig.| TEMinmge of ELO GaN
grown from asymetric openi ngs (ALFACEOQ). TDs are bent
several times when they neet the |lateral facets

1- 101

} (Big; 1 SEMeagsoltHO (Ml 198RdTHY aReBmaRIcsIRCRIRgs (ALE. 9$EO). TDs

Page rﬁeﬁpﬁs}e?al Gahdodaly [fﬂegerﬁge@ NRE 1Rk fgclafsch - W\I}‘@! e of the
0 nt dgro

gr own owm ng the pres i nvention, an
t empiibahding sncskquenc¢®. Fi g. 3: m phot ol um nescence of a
thick HVPE | ayer grown follow ng the present

Fig.2: Panchromatic cathodoluminescence of a thick HVPE layer grown following the

present invention, and growth temperatures sequence.

Fig.3: p-photoluminescence of a thick HVPE layer grown following the present

invention, at different critical steps of the process.

Fig.4: Cross sectional cathodoluminescence and O SIMS profile of GaN grown by
HVPE on MOVPE GaN/Si/Sapphire.

Fig 5: Schematic process to produce ULO quality HVPE GaN and to separate the

starting substrate by H™ implantation.
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Fig 5: Schematic process to produce ULO quality HVPE

GaN and to separate the starting substrate by H+

i npl antation. Detail ed description of the invention.

Advanced optoel ectronic devices require |ow threading

di sl ocation densities <106cm-2 . The nost w dely used
subttaded descripleory ofh¢ yneantiofce, whi ch shoul d have a

surface epiready for the direct growh of device

structures thereon. Besides, the crystall ographic

or Ag@tdratd eptoskouditde Beticeaviatdohtbrtating d{0Qdidn densities <10°cm™.
orientation otherw se gradient @badients of In

i nElg prshvidely nggd sudeie wuhr(§0@PGCarass. Wibph sheydthave a surface
on. M clinak. pl.anes: ject ~of; t. ' ti .
o P R e BB Er ST eliEE BRFAGEL IR, \BRbides. the
I nsgbtailoygaptie ofiohthoo stgpusd emsdeviag fionokieR00H 1 )adrientation otherwise
epitaxial | ayer of GaN on starting sabstra e, b)
suddifibaiadghbRihnoncePeskion My otr ABing eﬁﬁé} ot LER tigecture on
inggﬁﬁgﬁ@h%nd features c) growth atop of a GaN | ayer

at conditions where |ateral growmh is enhanced until

full coal escence of the island features and

achi eyenent. of a spooth .flat surface, ch cterized |n :

¢ hb SREE 2 ) pRaTRR Byt b PHOUY CLTABU ARG RE A Gl density
MBGKN iRSTving wah@NbWehg s :et ching, nor grooving the

GaN surface, and only by changi ng the operating

pressurd igrowHeolpnowttaxishlartser Gathen partingahbspraéssur e,

the te ers%%ger Gie { hr%w /0 Ial {]al(laltal & a%nl%évo[en?ﬁ/era%grgl 9%nduce island
surfact ant™or anti surtact ant chént cal specires in the

vapour phageurckhe growt h conditions of this first GN

| ayer are tuned to produce a non-flat surface, )
c) growth atop of a GaN layer at conditions where lateral growth is enhanced

until full coalescence of the island features and achievement of a smooth
flat surface,
characterized in that ,
step b) is achieved without using any kind of mask, nor roughening, nor
etching, nor grooving the GaN surface, and only by changing the operating
pressure in the growth chamber, the partial pressure, the temperature, the V /
III ratio and/or by adding surfactant or antisurfactant chemical species in the

vapour phase.

The growth conditions of this first GaN layer are tuned to produce a non-flat surface,
more specifically a coherent array of islands with different size thereby generating a

ULO process. 90° bending of TD takes place inside these islands.

In a further step of the process, the growth conditions are changed to enhance growth
in the lateral direction from the random array of coherent islands to get a smooth

surface.



nore specifically a coherent array of islands with
different size thereby generating a ULO process. 90
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further step of the process, the growh conditions are
changed to enhance growth in the lateral direction

fromthe random array of coherent islands to get a

snoot h surface. These two growth steps can be

eventual | y repeated thereby inducing nultiple bending _
of These tWDgrewmid staps gen bp cudnteillyl ropeatddohencby palucmgurultiple bending
anot he bj ect of t i nvention is a nmethod as

ST LR Hitrafon AR i FlebReps ) Tand ¢ o

subsequent growth of GaN to produce island features

and snooth surface is repeated several tines. At the.
endhesfanofies ogieglpiahg nyenteans g upgthedeas deserghedabaye. wihereim the steps
e hi o . . . .

o F R R SRR e PO 1ol REF LR D surface
. SropdatedobvdzalNimes. st arti ng substrate may occur

t hrough MOPVE or by any other ELO rel ated technol ogy

wel | known by the skilled person in the art. Anbng

t hes geBhhAdRis SF%JH NANGEN TBYaRG s TBHEy Qf witYREni R ex@&ding 100
h nd c) may

LPE.. Subsequent growth of GaN in steps b) a

al S0 occur through one nethod chosen in the group

consi sting of MOVPE, HVPE, CSVT, or LPE
Advaallagreusdrdingt Gas of eielprédnoidteddynax¥RE D aelyitiogud 0°cm™.
In the nethod according to the present invention, the
starting substrate nmay advant ageously be chosen from

h . . .
s Or R Gl St SERRRS o SR oy PRI Nor G4 other ELO
Hf BAtedReeimdlbmugbll Bndver G tist skl poesonl ih Shd ararAmbeg these methods,
difference in the. t nsi coefficients
be?ﬁ@éﬁwgﬁyikﬂWWQﬁégﬁ??#dégﬁﬁy@ﬂﬁg%d the sapphire
SUBSBEAtt of EhSAPRINTIR sﬁé‘pb@sc?reﬁ‘lhec)%yy BRI RIBY 8o A method
nmet hods wel'l know by the person skilled in the art

| i ’esebint thagroupi avnsisidng of MABGRE,IHYPEoE §VTHer LPE. Advantageously it

gfSkﬁQ&%&%?E¥Pzﬁhg%%g@Phggggéd separation. Description

In the method according to the present invention, the starting substrate may
advantageously be chosen from the group formed by Sapphire, spinel, GaN, AIN,
GaAs, Si, SiC (6H-, 4H-, 3C-), LiAlO,, LiGaO,, ZrB, and HfB:.

Even though a large strain results from the difference in the thermal expansion
coefficients between the gallium nitride layer and the sapphire substrate, the sapphire
substrate can be removed using methods well know by the person skilled in the art

like, but not limited to laser lift off, H implantation, strained induced separation.

Description of the preferred embodiments.

In a first preferred embodiment, the GaN/sapphire template is achieved by MOVPE
methods, well known from the skilled person in the art. Then, the subsequent

deposition of GaN layer is carried out by a HVPE technique.



In a first preferred enbodi nent, the GaN sapphire
tenplate i s achi eved by MOVPE net hods, well known from

w0 bew79ks756 ed person in the art. hen, the SUbSECLIBP1006/069767
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deposition of GaN | ayer is carried out by a HVPE

t echni que. The HVPE process is a chem cal vapour

deposition nethod carried out in a hot wall reactor.

The gal I i um precursor, gallium nonochl oride Gad

enpl oyed in the deposition process is fornmed within

t héhe Eadittoprocessgs rechamicabrapdve depasitsmpphihpd cerieg] qut @ a hot wall
by the reacti of HQ with |.iquid Ga,, at hi .
oy fe. sl pRhmbh Brlihd aferirigfts G apigueg n tre

t oddpoeitishRnbecat as dommslt (vadm tHe fdaetof,e@mitrodm Whehetht t GaN/sapphire
reacts with NH at a tetIr:Iper ature between 800-12000C to

f ofemPtaAN, byithe rerstipe Q€ H(dnvitlchignidifipat drsh HorperpturepaCl is then
t otr&rﬁ?oft&i ?]3; h\{:gllrl‘?érl gﬂovﬁgg%stﬁﬁeec?o?&% 968{1 19@1% rea%tﬁtewh re it reacts
vapour tends to cofidense on unheat ed surflaces, ere%y

r egith NHygat athempdrataird beteyat §0851 20088 E form @aK gda ti@rreaction:
opﬁrafl\itng énafe;{! hg‘i wal | conditions. This avoids an

ot Har W SES CorpiNi i J%IéZ'gas delivery and gas inl et

heati ng systemrequired for external gaseous precursor

and storage. In HVPE growth of GaN, Ga netal can be
r eRd¢ Ity thebtehitively loivt Yapauppressuye of Gab't,ethe vapoud 3¢181890 dondense on

and with a properly desi.gned gas.deliyer. tem .
ga nlmeﬁ ety TPy TRUAS Gedg oL SRR & reddior operating
Pr @vded @6t Wl B8hdiio RPPhRRNDRKQnidhdrivite cBfipliedted §& delivery and gas
obtai n desired high throughput with acceptabl e overall

pr wée Ssatingr wstcaneqerasiion cxtamakgdspousreaissop ind elorage hr
are advant ageously enployed. Gowh is beneficially
carried out at tenperatures between about 900 and

abpul VRPESRo®ih JiGaNVYPHcadppNbE featl@yrpbiained wathea purity of more than
i nt roduc(:)ed in a multiwafer HVPE reactor operating at .
| of?-PYVSs and withjarmerprlyaeyicned garalclivay mnveBgilchrassyish purity more
li i Q.. or 100 e i ' ' an
B B POE? S Holed O MERC A B i PERy.D
designed for growth of GaN thick epitaxial films. Mre
e bl A5 gt e A0TSR Bt 2c-PHED QR Piogess duraton, growth
CORfidsOir &G eldNof SOEFhA ate ity HRle6kI) WniAGRdl WREwiid Béneficially
conventional manner, with the furnace bei'ng

carried out at temperatures between about 900 and about 1150° C.

The MOVPE/sapphire templates are introduced in a multiwafer HVPE reactor
operating at low pressure, without any further technological step like cleaning or

etching.

The invention provides an HVPE nitride growth reactor, which is particularly
designed for growth of GaN thick epitaxial films. More specifically, this HVPE
reactor allows holding 6x2” wafers on a rotating susceptor. The reactor is configured
in a resistively heated furnace tube in the conventional manner, with the furnace being
vertically oriented. The reactor provides two distinct parts, namely, one for the GaCl
synthesis, and the growth chamber. With this configuration, GaCl is formed in situ

upstream of the growth chamber, into which it is then delivered. In the growth



vertically oriented. The reactor provides two distinct

parts, nanely, one for the Gald synthesis, and the
wa@e@mnbtsrshanber. Wth this confilduration, GaC PECHEP2006/069767

formed in situ upstream of the growth chanber, into

which it is then delivered. In the grow hchanber, a

susceptor supports up to 6 GaN sapphire tenpl ates on

which the epitaxial layer is to be growmm. Gd is

delivered to the growh chanber in the vicinity of the

sudipapcora susceptdTi epportshed tr @Wwaly/ppleies smpiss ¢rs whlokighe epitaxial

dej i d.n the Migjnity of .th tor jn.such a. .
Sl T S, Ehe] Bt St ORGP P R0 iy or

Adglistépanadol achieve MRUSIoWIE Procteho PIHisSRQCH&Eered in the vicinity of the
surfactants, transition netal) can be added during
gr BREPIQFINSHEh 2 WRy khatarmagyre mixige ptiftoHatily apeidethde of

sM, Bi, Sb, Si, or O By way of exanple, My or Sb are
added in the vapour phase during step c) of the above
meAdditiondAlyt Ermmatritiee’t glopiigl spodcg rsudindtartgsiansinen megfalpean be added

added in the vapaour, phase, particular]y when steps b) .
angTEe %{Pwﬂa%ﬁ%ﬁ%ﬁw §9N s My Wy Lesm%“d%%Mign b ,$§ 81, or O.
va [ [ ' hhethe:

o Bg@%afrpgﬁé&mﬂl& Mg?%tﬁ&re%‘&h@}fﬁ@ﬁ%ﬂ&ﬁf phéke dh?lélfg%éﬁ c) of the

CI2 obtal ned reaction o er a soli
maghwes inathab dlceaovelynsitane of olorostlartsi mey b agedtimticerapbur phase,
magnesium | n a particuyl ar aspect qf i avention, :
10 CoPERUERY witn SiPF Bherded arm o o 11UBEC MUER Wy alied in he
| Nvddoar MRREOUhisRBRSE achi®yc@lcitBEr ih IhCIANDE MEEI2 MBERRA B SMhaction of

of the growi ng surface. Said chem cal specie may be _
Oxilgéaverprglid magnesiynepeice edintbe ot @%bzmydionqlt@%em gnagnesium.
present invention : step b) is achieve at a

tenperature of about 10200C adding O in the vapour

phBsEpdracitler dspetd ©€ tHeShadh@ioh SaduifaeBint @htisurFdcdmt €herisal species is
achi eved at 10200C wiithout Oto get full coal escence

15 of added in dhearmporieRitags 48 okded taelngs Ervenetpbplogy ot growing surface.
flaf: : t t hi ck enough free standi ng
Ga%h%igifi&%%gﬁ?gg@g% cbeeg(g)i?}t g%l' the HVPE shoul d | ast for
seVeusain Hptefsred Thetbodmanslingd@atthe hesere ¢haniiesm of

reduction of .the.density of TD, i.e, U O shoyl.d take
pl ace nYeP BhisyScieVE 1S EBPRAIU OB@b%elbgP dﬁﬁﬁdlagtoz in the vapour
m ght  behQY &fouadlck i§igReRhREks, 4y @ second enbodi ment
of the present invention, at the early stage of the
20 HVPE - step c) is achieved at 1020°C without O, to get full coalescence of the island

features and achievement of a smooth flat surface.

To get useful thick enough free standing GaN for further processing, the HVPE should
last for several hours. This means that the mechanism of reduction of the density of
25  TD, i.e, ULO should take place not only at the beginning of the growth but might be

eventually repeated.

In a second embodiment of the present invention, at the early stage of the HVPE
growth on GaN/sapphire template, a surface consisting of a coherent array of uneven
30  pyramids is formed. In the present invention, this takes place by growing GaN at a

rather low temperature.



growt h on GaN sapphire tenplate, a surface consisting
of a coherent array of uneven Eéram' ds is fornmed. In

wo b@7p6sgsent i nvention, this takes place by grpui/RBR0GANI767
at a rather |low tenperature. At this rather |ow
tenperature, GaN grows in the form of coherent island,
random |y distributed with random size, thus involving
a ULO process. Panchromatic cross sectional
cat hodol um nescence (CL) exam nation of this first
st Agéhis redlessdoetbinperaigira alh enceys iddhk farayelr cobgreng fsland, randomlly
corr ds.,to the island.feature rmation on top of
t h%1s 1th 12 é?m s1(zE1 t%us ]él)VO?VIII%g a@L@rPcesg tabl i shed

t thinchﬂﬁrhaCﬂE cﬁ’(}’sfs&%tﬂﬁall dﬁttﬁdd@luﬁﬂiﬁes‘éérﬁ:{é (ELDexdnhigati@ed f this first stage
band gap CL intensity drops. Conversely, in this first
| alpdecd grlyRith sanf upevsBr dgsk olémfdgvlfl% ofigERonds tp sthaniglgnd features

5 I NeffibGod YW t(t)lfgpﬁ{e Nzid (?ﬁgh F% j) af§k ellgés?é@ﬁllghdpd that inside

rate remalns re speci gr owt rocee
f r pyrafadseihabe hed-ared KL Ovae aaz& ‘ttalné g(aﬁ@ll)ntéraﬁg ddgss Cootersely, in

ea Then a [ sI ands e f or ned, wt h fu t her
pr@]e:seérag Wely .zﬁcrvg%% fugther Rraseed® feqm Higeisdas T3 M Uis o eppperature
Bhe,aRd la@é?ﬁ’leﬁbwﬁ?ra\f@f&@au%eﬁ)@”%r@ é@ﬁca@l@h?f?) GRM tpﬁo(:)ceeds from

ygen i ncorporation on the | ateral cets _
I oﬁvcetewpdamsunfélemaerihe t(ﬂ@Olgrfam I’lﬂOBSEIIIp‘EIaBIDQM eThen, after 1slands are
ese ne | at era

t dt
10 4 P BirRE e B aCEH BhE et P ChaRsAuL pechirc yeh higher

Coﬁﬂcﬁﬁlﬁiﬁf@fj 'anfvﬂl@ Eé@hfesehd)igﬂlet SRR A Ok Pocal ﬁ%ﬂiboﬁﬂﬂ@ﬁ on the lateral
ap ears as grey, because of the high quality of the

GaNMc¢tayer and the reduced incorporation of Oxygen.
Thus anot her object of the present invention concerns
a nmethod of manufacturing | ow defect density GaN as

deaciet the dova Ravsoratwke®), thesdrétidpmipSraaehiseMercadeda
tenperature bel ow 9500C to i nduce island features, and

15 st bptheye F1§Wa%f]l?Wélv senditions; dre fateralipiomdh yple is snjaceland the layer
COBLERREIAFS shPab BRI BRSSO bR s sy

unbkenstcaddhakigh ghdlawe! thaieaN Hy@Eargi'thmdfaiut:@d maotpbradon bt Oxygen.
at low tenperature, 3D island growm h node takes pl ace.
The basic nechanisns are simlar to those occuring in

Si %ﬁ@ﬁl‘étﬂ@%ﬁje&g@f tAPbfesent invention concerns a method of manufacturing low
20  defect density GaN as described above, wherein
- step b) is achieve at a temperature below 950°C to induce island features, and
- step c¢) is achieved at higher temperature to get full coalescence of the island

features and achievement of a smooth flat surface.

25  The full process can be understood as follows:
When HVPE growth is carried out at low température, 3D island growth mode takes
place. The basic mechanisms are similar to those occuring in SiN nano-masking, more
specifically TD underwent a 90° bending when they met a lateral facet. In these
growth conditions, which were defined as ULO, the 3D islanding remains as growth
30 proceeds. It is well established by the person skilled in the art that the incorporation of
doping impurities is facet dependant, and therefore the Oxygen incorporation is

enhanced on lateral facets, as evidenced by SIMS (Fig.2).
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proceeds. It is well established by the person skilled

in the art that the incorporation of doping inpurities

is facet dependant, and therefore the Oxygen

i ncorporation is enhanced on | ateral facets, as

evi denced by SIM5 (Fig.2).ln the second HVPE step at

hi ghtheem@rchMPéi stap glhénnglpmpemturpr bighor parbpl priepior¢ &f ammonia,
gromﬁ Qccur unti | ance of (0001)

f 2B P! 0?%h8§% hav%rEQH?H%Feggagﬁﬁg¥§gFe parallel to

the substrate surface until they create a coal escence
boundary with a nei ghbouring growi ng facets. In this

c ohPe s Az bt AU yProragaly ResHict KclBRBIEalf SuRaghitHdhey create a
%oa%sc&%@t bdHdG ryag\ﬁ’{hn aChi E?ﬂou@ﬁ%?@)&fﬁg Oy c 4O g%s coalescence

recovering-a flat sufface becones
()dy@mrdanyn tdey pan atcohhind wito laﬂotherdE]D af bamagndd agden ¢idweklownwards
than on | ateral facets (cross sectional SIMNB dat a) .
m PLURAAYYsi s provides further information for an in

degiby %@% ndiap Qut‘ﬁcet gﬁw\gﬁ B BB QP)e@;Xgégﬂ thed orétﬂlon is one

the cool est part, the ne band gap Isr

br oddr eheagaiede tovics tlemat andlpteta) f&h&r(prqsmse@ahhzgrsém chnta)
hi gher tenperature. In addition, excitonic peaks do

appear in the high tenperature part, this is a proof

of yifhe aha1ghs gRéVied ngHRl ihdorbtidhits ARUBrdepth uhB&@standing of the
upper nost " part exhibits the sharpest mPL peaks with a

FVﬁlthh ]DTQ'?GS\S @&ragtx hethe conltssigeart, ¢hopesir brash2aoPE esplotsdgther broad
tO E? < it 1sI & )%Fe(iine?a ar}_)?e agll‘ SPOWt h high%r t‘[Iennl erﬁq%re In addition,

€ correspo resen

pr @&ﬁﬁhﬁ Feak Y1 acpbeztrhla tﬁmlgmwn@pe@&aﬂe padt, mﬂ\f is Eoproaﬁay the high
appllcatlons a freestanding GaN layer is_preferred to
everiical gealigy af thiy magagagpf ltea%Pﬁﬂn@Sé)Péftsethhhfﬁéhq phagpest p-PL peaks
th L

L R e AL B e KD B elexed G
i NnthaidePla oﬁtl&pstmﬂmagdﬁzm tdmplaﬂm c@krebmnd'rngom tBadréssnt state of the art
separ at ed mthe initial substr For that
pubPiSeRILs FW@J?%LQS tRfuggcitpyic me I ate is either
inherently or intentionally engineered to exhibit a
nmechani cal weakness, in a plane parallel to the growth
suFéravany gfplisatidnis @i fegestanding GaN layer is preferred to even high quality GaN

epitaxial layers. Thus in a third preferred embodiment of the present invention, the
method of manufacturing described above further include a step wherein the thick
layer of GaN is separated from the initial substrate. For that purpose, the ELO quality
MOVPE template is either inherently or intentionally engineered to exhibit a
mechanical weakness, in a plane parallel to the growth surface, of sufficient
magnitude to promote a mechanical failure along that plane, and to result in
delaminating of the epitaxial gallium nitride layer due to thermal stress produced as
the sapphire substrate and GaN layer are cooled after the growth. In another aspect of
this invention, a sacrificial layer is inserted between the sapphire substrate and the
thick HVPE layer. To enhance quality of the obtained free standing GaN, the method
according to the present invention is ended by polishing the top and bottom surface of

the free GaN obtained.



magni tude to pronote a nmechanical failure along that
pl ane, and to result in delam nating of the epitaxial

w@2007i068T5601 t ri de | ayer due to t heérmal stress PPOTER®A6/069767
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as the sapphire substrate and GaN | ayer are cool ed
after the gromh. In another aspect of this invention,
a sacrificial layer is inserted between the sapphire
substrate and the thick HVPE | ayer. To enhance quality
of the obtained free standing GaN, the nethod
according to the present invention is ended by
Jtl‘ Shl n n as argn Ottltnofgn CGZancea(ﬁ:re ol?tfﬁmtea E)?]Iﬁr(%%a accordmg to

| aghe rpréﬁéhﬁinﬁeﬂdhy P?efﬂiﬁbb@ GaldCff‘e!éTSQHﬂdglgt QalN s pressofed lifetime of
i nvention. Preferably, said free standing GaN has a

metig e Yadf Rhotetemares¢ange (FRBb) obthedHopettusatireBensdiag to electron-
( TE nélagﬂnlgtugﬁaﬁg%lp g%aﬁgﬁ bgfsiﬁg&gh %’;g‘f)gﬁ)l t@ &Ia{u%]ﬁ%hgr than 400 ps,

excitation room
temﬁﬂma&qﬁakhmgmeghmhhnl&Enpps, and nore preferably
hi gher than 800 ps. The cool -down fracture and
del am nati ng mechanismis particularly advantageous in

thefe boolRIOW H8Surd afﬁEl%?&%ﬁn@rﬁngsﬁlé@ﬁcaﬁlsh‘?iseﬁa?@cﬂﬂyeﬁ(ﬂ%hﬁrgeous in
to one of cracking through the thickness of the G

| atpet jt priveideby peoais$ of giredyercfeasanaltdraaic o6 onhiad K:rackmg through the

Be @‘;{Tféfgsr eq%,éh@ﬂwqélgﬁéatﬁ%ffgﬁ ee- ine ﬂbﬂggﬂg?ogl (}fa]gigg‘:’fir%cé(-free as well

exaeﬁta@aaﬁang)ceam 1R, E&aﬁd@ethg M Moyl ABIRABAMING, geflerally can be
&GN | ayer cracklng mechani smis therefore suppressed.

Thexn@ﬁfeé émpcqutiveatttp dire giomith aapicrdterst @ adldayafesgakinggmedanism is

th anples without limting the scope of
th@ere(r%f\)/rg(rgryl? stg anple 1 : Gowh of GaN sapphire

tenpl ate mrth ELO quality by NCNPE A (0001) sapphire
substrate is used. A very thin filmof silicon nitride
i sTheprasent gpvankign wklfbacléluafat%efe’aae o the follpwing rwnples without

benggngg @E&>90Pﬂw1 bgn bet ween NH and silane SiH

for a ough to limt the thickness of the
filmto that of about a f ew nonol ayers. The gaseous

AR EN I SR SN

the silane, in a formdiluted to 50 ppmin
A (0001) sapphire substrate is used. A very thin film of silicon nitride is formed on the
surface of the sapphire, the film being obtained by reaction between NHj; and silane
SiH, for a time short enough to limit the thickness of the film to that of about a few
monolayers.
The gaseous vehicle is a mixture of nitrogen and hydrogen in equal proportions. The
ammonia is introduced together with the silane, in a form diluted to 50 ppm in
hydrogen. Under these conditions, the typical NH; and SiH4 reaction time is of the
order of 30 seconds. This reaction time could be increased up to 360 seconds. This
creates either a continuous SiN layer (reaction time 60 seconds) or a discontinuous
SiN layer with nanoholes of random size (deposition time 360 seconds)
The successive steps are monitored by laser reflectometry (LR). After the SiN layer
coating, a continuous gallium nitride layer having a thickness of 20 to 30 nm is

deposited on the SiN film at 600°C. After the deposition of the GaN layer has been



hydr ogen. Under these conditions, the typical NH and
SiH reaction tinme is of the order of 30 seconds. This
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This creates either a continuous SiN |ayer (reaction

time 60 seconds) or a discontinuous SiN |ayer wth

nanohol es of random size (deposition tine 360 seconds)

The successive steps are nonitored by | aser

reflectometry (LR). After the SiN |layer coatin a
compisic GaRRmghdnita hith et e ardehoE HBESColnder the
i?%t 1{1%d re]fén o Sflqﬁ%) Snlqge]?a Plgr)]egnségﬁ'f& Npel‘IfQISG‘{I]l?% at tl?eoga%gous vehicle of a
bearaoep Sh@ht of hydi®gan ﬁ@cﬁbﬁﬂleqﬁres’tnm ghthcarpe fith BiNe i beneath
t he order of 1080 C. Under the conbined effect of the

t eﬂ?ﬁé} layer andgdso the aptiaripetantcaiiest ofpiliqea. e sevnkology of said GaN

f
1 L) Bl QDAL TRl XK OAERTR R b mas
| ayratspandWaleaaht hempenhﬂuﬁw apracdchng 1660°eCt tiaf reflicttivdaonef the buffer
t he norp of sajd GaN | ayer undergoes. d

mol@ el %E?rlgg %pgg%ﬂq I% TN NG §8{11’|11&]Joblﬁ ffer%ayer is then converted

remiy at @Léo‘nﬁﬁﬁdlﬁnlapéf aed tﬂ(ﬁﬂm a\ﬁhﬁsﬁ AD®e end of this in situ
tenperature approaches 1060 C, the reflect|V|ty of the

bufebarstaﬂlwﬁaon Sm@hﬂ:eml(ivalﬁlefcateases islthéds bhiveiyakbgd crystal quality are

|nu GaN buf fer e th rted intp a.
i ST ety S s bl b BIRP G Bbsu® By dirue of the
ende@fsmtahl tRickfles§ iof thd SV MGt IDur w2 th® ButREQERS SpitaaN regrowth with
features or islands of very good crystal quality are

obgalliwaaitridpabe Gablt fartnicagr ss&anép ik devlon by latardrpadivpertical growth.
E} tlagxzergc' ngg’etthag @eeﬁ bYelurrlécH? 11 éoa?ets%encg E%l é}aN features having a

aer seque

epﬂéfaotldahsnrye@tmﬂaemﬂfrkmébﬂnrzum nitride, the GaN
features or islands will develop by |ateral and

vePiGhc GRNGRpRItTS. terphtgsaganr ke Hisdefor HINPIhdegiowht a wald beydescribed

full.gpal escence of the GaN features having a defect
denS|ty of the order of 5¢c 108 cm 2 . Such
GaN sapphl re tenpl ates can be used for HVPE regrowh

as_wl |l escr.i be reaf anple 2 : Formation
of Examples s]? AU} AR O S%Eiee stag 1%(3@}?( GaN sapphire

tenpl ates of exanple 1, the HVPE growth starts at
about 9500C. In this |ow tenperature step of growing a
t hUsiikng GhtN Gad/sapphiye Eﬁiﬁiﬂates lod cxemmplker ht e VBEs@bwit starts at about

g? Q%ngo Ircl) ct:histllg\?v t%%rptera ure steeps o [greovx%lg Iaqmckp H% %gferob}g) %VPE, the
temperature is set at 930-950°C, the partial pressure of HCI, pHCI at 0.03, of NH3,
pNH3 at 0.24 , the carrier gas , H2, pH2 at 0.73 respectively. The growing pressure
was 2.6 kPa.

After the low temperature step, formation of islands, growth temperature is set up to
1025°C, with the following values for the partial pressures of active and carrier gas:
pHCI, 0.02
PNH3, 0.31
pH2, 0.67
Working pressure: 2.6 kPa



pNH3 at 0.24 , the carrier gas , H2, pH2 at 0.73
respectively. The growi ng pressure was 2.6 kPa. After

wo bm7loesnsd enper at ure step, for mafion of isl andBCT/GPI0s/069767
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tenperature is set up to 10250C, with the foll ow ng
val ues for the partial pressures of active and carrier
gas: pHC, 0.02 PNH3, 0.31 pH2, 0.67 Wrking pressure:
2.6 kPaln these growth conditions, the |ateral grovvth
rate i s enhanced and the |ayer becones fl at.

c o thsysogravtiycanslitidnssthiilgfhrat erpyeh atte n%erglamadha@t thp layer becomes

CoRET B st ne FERTaEal sl SHP S Yo i because

pr oces ﬁlghSquﬁEt@z&ﬁTtE@Gsﬁ\lWea |and thaeesduend llﬂcoﬁpofrahioﬁm@@g&{.
500 mMmto 2 mmis obtained. CL exam nation of GaN

grown at high tenperature reveals first snoothing of

t h?hé Jo@@sqsfs Feﬁgﬁtgﬁ R elPtihfes Bﬁﬁﬁ%&%l&&srﬂ Oitl-ﬁlté ?J‘C{h{n}f is obtained.

ss on. when growt ecomnes
[ nCEn@aahyndmnoofeGaNngrbwmmt fiple (érhper2iush esalarfirexanpdiking of the

e 950-10250C alter natl on has been_ i nplenente
tms %Q??é%res SPRRSPRAING P shigh ApieBYY (- sHRissiopodben, When growth

SegdchAfds 2D, #hd @Lcﬂﬁ‘[eﬁy g{fbgéc@)ﬁ%ﬁ uBITOMR BECBES BYwsAntREm gle where

present i nvent i on, hat the oxygen concentratio
i sthi%ghd02HC dtmnzmo@iehas béenmmpérnended threettineespar t

corresponding to the cool est growth tenperature. Cross
sectional TEM exam nation on such a free sayndi ng GaN

exPINgS taBalsié 8driied ottediSR a8 kYAl ¥fa iR HNERE 1d/BLgrown according to
interface. As the thickness, increases, the density of

TDhgaueseasyentidss shafs thakthei @ye@rawrwﬁntazﬁp@ats highepdppne order of
at m%g ?n% C. paﬁ%%@r np[%na 18 ¥ V\fe%{ ger%wtlm%pe%ature

proc erat tre gro Séver al
t| nes, TD denS| ty decreases according to the sane

basi ¢ mechani snms at each step. The substrates are
cobrasy seetiard! T capminabamensuthy Beoiamdias Spbeihibitm wiher dense

t h&et%ﬁi %f”ﬁfs ﬁ%ﬁ?'tﬂ@ 1ﬁt9r?ac%p%s t‘ﬂQVkaness, increases, the density of TD

decreases. Most of the dislocation appear to bend at 90° into the basal plane as

expected.

When the process low-high temperature growth is applied several times, TD density

decreases according to the same basic mechanisms at each step.

The substrates are cooled under NH3 environment to avoid decomposition of the GaN

layer during the cool-down.

Once the substrates are cooled and removed from the reactor, they can be further
processed. The sapphire substrate can be removed from the GaN epitaxial layer by any

suitable process.

Free standing GaN obtained according in this first example exhibit TD density of the

order of 5x10°cm™ when the low — high temperature growth process is applied only



Once the substrates are cool ed and renoved fromthe
reactor, they can be further processed. The sapphire

wenshsszse can be removed from the GaN epi t axi BCT/EP30@6/069767

10

15

20

25

30

by any suitable process. Free standi ng GaN obt ai ned
according in this first exanple exhibit TD density of

the order of 5xI0 6cm 2 when the |ow - high

tenperature growth process is applied onlyonce. The TD
density reaches 5xI 0 5cm-2 when the | ow high

t emp@r dthar BD gdemait 1 rpatahce§s<10§m npdhemrethc dawthgledermparaigre growth

X exanpl e, three
al P@F??éﬂ%%ﬁ%@%@ﬁ@%ﬁ&%ﬁ ¥d bngture growt h processes
with different tenperatures and durations are used.
More specifically, it is shown that cross sectional
opEsampletY oni ¢ properties of the HVPE | ayer are |inked
to the growh process. The GaN sapphire tenpl ates of
exanple 1, is hereafter introduced in the growh

cheN& exeimpléahidVRificfRer foW-highh@oMPEnpeaitd gbowiht §roaésses with
about 9300C. In this | ow tenperature step_ of grow ng

t hilidlerash ngyanreppnd-pmetionsase geads Mare él?%fsqaﬂé ibfs sfhewn “hat cross
Elkgcgﬁﬁaell?pg)fé]fgggml:\l??o&oeﬁw_%f ﬁ{e‘ll%\f Bt 1237& Ql% R4 'toetlile ?c?\)vth process.

res vel pressure
2.6 kPa. At this rather Iowterrperature GaN gr ows |n

the faormof coherent isl and ra dom |y distributed
wi THE CRUERPRIS demplates 4fnGsimAled 43 @L@a?}%e”é@ucwr figthe growth

t Nl bEMREI PP LS cRFEP, growh tenperature is set up
to 1015-10200C, wth the followi ng values for the

pafhé HIVHE‘ esguthegantf atalhtout/ 236200 Lic dris lev tgaseratptdGitep of growing a

S G taoht BEARTE, ohcrarisl e e g BERe P TN pet a

enfancel Anskrishe, Hayel, Apeg9 '?@si)eétt\%ly ThB %rdwlﬁg gﬁﬁsdré was 2.6 kPa.
repeat ed several tines until a thickness of
2 Anthisraggrdpwdemperature, GaN grows in the form of coherent 1sland randomlly

distributed with random size, thus involving a ULO process.

After the low temperature step, growth temperature is set up to 1015-1020°C, with the
following values for the partial pressures of active and carrier gas:

pHCI, 0.02

PNH3, 0.31

pH2, 0.67

Working pressure: 2.6 kPa
In these growth conditions, the lateral growth rate is enhanced and the layer becomes
flat. The process is repeated several times until a thickness of 500 pm to 2 mm is

obtained.

The substrates are cooled under NH3 environment to avoid decomposition of the GaN

layer during the cool-down.

Once the substrates are cooled and removed from the reactor, they can be further

processed. The sapphire substrate can be removed from the GaN epitaxial layer by any



The substrates are cool ed under NH3 environnent to
avoi d deconposition of the GaN_|ayer during the

W@ oo, Once the substratesl@re cool ed andPEERP20e6069767

10

15

20

25

30

fromthe reactor, they can be further processed. The
sapphire substrate can be renoved fromthe GaN

epi taxial |ayer by anysuitable process. Eventually,

the thick GaN | ayer spontaneously del am nates and free
standi ng GaN of several cnR are obtained. Full 2"
waswtablgrigoesss dsicoally ythe hisk fedf. laperesposteaentishgdainnates and free
obt.ai ned according in this fir a e _exhibit TD .
on Bt GARER S8P st Bt otc S RIS R Bignaliopigined
tenperature growh process is applied only once. The

TD density reaches 5xI 0 5cm-2 when the | ow hi

h
t ehysestinding G rblingd seeasdinggn jthip fsvhepamglet emhaét TPfiegsity of the

. . ) | . ) 1 . .
an B0t Belen =SB e o O QB S Ahggesg i aplied only

spesdel IMhal TH, ddaiPaBadhBs t3r@0Tcat Mybtn dhé UbRChigh it@npérature growth
(199 is introduced in the growh chanber using an

adptioc¢se naimplernénied thrdei timaes asnn £fg. 8. speci fic exanpl e t he
snooth (2D) towards island (3D) transition is tuned by
the addition of O, the gromh tenperature being kept
CORgA@ple 41 10200C. It is well known that the

i ncorporation of Oxygen is facet dependant, in other

. Xyd : : :
wohdghisxampignan antisysfagiasl, isodsled iniht aspounppgen Nare specifically,
sigoifi.c ' r tgd. | as er.al: . r
S AL Yo RSP IR0 PR TSl ELE ST 88 chanver
or akeiis amfaddiignalt dediecryTie:. Galhis appdific exdepipl tht 8siooth (2D) towards

exanple 1, is hereafter introduced in the growh :
chialse 3By t&aﬁgtlmwﬂet%%cbe/ofﬁw 2o SOy r%wrp\%kt@@perawre being

P68 oy gol 0900Cs, Ay L\ SYTR IS e i s
0. 0DchiHB, in OBt Wiy aschewn\b ithd prgvipne ssumpdes, PE&ygeais significantly
incorporated on lateral facets whereas the incorporation on c-plane is lower by almost
two orders of magnitude.
The GaN/sapphire templates of example 1, is hereafter introduced in the growth
chamber of the HVPE reactor.
The HVPE growth takes place at about 1020°C, with the following values for the
partial pressures of active and carrier gas:
pHCI, 0.02
PNH3, 0.31
pH2, 0.67
Working pressure: 26 kPa
In these starting growth conditions, the lateral growth rate is enhanced and the layer
remains flat. Oxygen is introduced at a partial pressure of 7x107, then because of the
antisurfactant effect of Oxygen, this produces roughening of the growing surface by
the formation of islands with facets. Then, the Oxygen delivery is stopped. As the
antisurfactant is discontinued, the surface becomes flat again. The process can be

repeated several times until a thickness of 500 um to 2 mm is obtained.



In these starting growh conditions, the latera

gromh rate is enhanced and the |ayer remains flat.
woRygees756 | ntroduced at a part?%l pressure of PAREE2066/069767

then because of the antisurfactant effect of Oxygen,

thi s produces roughening of the growi ng surface by the

formation of islands with facets. Then, the Oxygen

delivery is stopped. As the antisurfactant is

di sconti nued, the surface becones flat again. The

process can be repeated several tines until a

t hi.ckness of 500 |s obta substrate

L R BERE R, g o R o N R R AL ool B SHRBA B Y the Gan
ofmyaahﬁagtmamﬁnddwﬁgng t he cool -down. Once the

substrates are cool ed and renoved fromthe reactor,

they can be further processed as described in exanple

S ' of.di n
A L i i T e R DA
\/\hpﬂa)c@sédéamdéslcmbediﬁi exaiple 6f Fdeygemding Cam)bh)t&xﬂled)raca)rdmg in this
Example 5 : Production of a free standi hg GaN using

sa@farnmle ealibit ZhJ densityhel headet le&%eweasaé@%tlve elivery of
Sa?&#érﬁh@@)}gy%EeOf Silicium(Si), although other
a e

used, which thickness is 0.3 mm ( |
I 1) Si is deposited by CVD on (0001) sapphire. G her
staII graphic directions for the Si sacrifjcial
107y aé’éarmﬂ’ FRa Peodurtion af & lieg Meaging Gaplewsing eacrificirblayethe
growm h of non polar { 1 1-22} a-plane GN, this
however requires R-plane sapphire as starting
s ulbs¢ septuetioAgvaassageny sioyifiche la@zeﬂdﬂ&lisiuni e rlthaugh other material

RIS AALITR bR IRYER CRTFHE S5O qam on onon
noiapbﬁi@éj @tﬁeﬁblﬁﬁ‘taﬂé@rhﬁﬁw’ dir@&‘tﬁﬁﬁ fomﬁVﬁrsﬁeﬂlﬂmalalayefylefe <110> are
like SiC or has proven to be beneficial for the

15 quaiiabl Scpﬁmﬁh@lm thagesrwth P men olar S X2t celad NaNayhds however

d
weloHE R o ey Pehics y ahsco o BRI PPt aver i
gr @updsiyd AR if eMOVPERLRYbr Békh lputviland anmonia with

hydrogen as a carrier gas using well known
technol ogi es as described in exanple 1. The growth

te d 6
ﬂﬂ%tfére{;vglvgf;g}rag{i?lg &flf lp§1t W%@Yﬁgf (Ipoglg: aII]ItOP é&ﬁ% qugh quality layers.
20 i nCem\Ireaw .a layer like SiC or AIN has proven to be beneficial for the quality of the

GaN layer. Thus 0.15um thick AIN layer is deposited on (111)Si by MOVPE using

growth process well known by the skilled person in the art.

GaN is grown by MOVPE from trimethyl gallium and ammonia with hydrogen as a

25  carrier gas using well known technologies as described in example 1.

The growth temperature was maintained below 960°C to avoid premature evaporation

of the sacrificial Si interlayer.

30  According to the present invention the next step is to grow a thick GaN layer by
HVPE in such conditions as to significantly reduce the TD density by implementing
an ULO process at the very first stage of the growth.



According to the present invention the next step is to
grow a thick GaN |l ayer by HVPE in such conditions as

wo 2003/06815d | cant |y reduce the TD?Hensi ty by i npP@IEPL0DEIEH9767
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an ULO process at the very first stage of the

grow h. The HVPE growt h starts at about 9500C. In this
| ow tenperature step of growing a thick GaN | ayer by

HVPE, the tenperature is set at 930-9500C, the partial
pressure of HCO, pHO at 0.03, of NH3, pNH3 at 0.24 ,
the carrier gas , H2, pH2 at O. 73 respectively. The

-
0TI Y RS BT T b EEGUSE ogrovine o

t hth$ckr @iNedyct BWH\@EQh@t&{@ratﬁ%% gitane30-p504e amuf,lfpressure of
coherent island, random |y distributed with ran

s. HE'l, pHGS 2t AV vafnyHan DES B dkdk s thegARISF dtati I:I2 pH2 at 0.73
[

ot PR Oy, PP R G ACE B RPE Joichieh (AT} dBing 10 howrs

| ayter growti abe cfabvesiwdnds/it o t he island features

formation on top of the MOVPE tenplate (Fig. 4).

Conversely, in this first layer, growths further

pra¢ ﬁﬁgﬁaﬂflerrqmvft g&’@ﬁilré %a"N" gﬁrws il thdsind S’iw:(;h%fgﬁﬁ fs@atnﬂr fandomlly

reginme, the later growth rate remains | ow.

s paisiribuedIwith ragdewtshe pthos medb/ifg anVLBgeoeds. | sI ands. CL

intensity becone much hi gher and appear as white

because the enhanced O incorporation on the | ateral

f apgichrontic@irodsREctloBW daeHBABfAtiHRerRb§OL) Qieﬁ’fﬂhﬂlon of this first stage

temperature is set up to 1015-10200C, wth t

f oindeed syhibis Lhas ufeyent dask playen arhigh @9§9$r@§d$)ft0 até‘,lﬁl igland features

I [ 02 P
o eFRicH, B BERE RESIOVRE CrlPB (et A5, PRIt i i st ayer

t hgrowalisefiatheg) ﬁaﬁw%éusr ab® fagcted hﬁmﬁi@dlraﬂds ke tbxay@ﬁture regime, the
becones flat. Then, when growth becomes 2D, the CL

i ntaggral grpwitly TR FERHS lee%é?r@mmmffwalﬂﬁhegromfb@%%ds from faceted
ex t Lt

£ RS 10 s 4ok Hhe Wt gl nd EAREE L Whe HEURE: T enhanced
t oOhhghp@htiends gicdaerahfidetshen CL eni ssi on

After the low temperature step, growth temperature is set up to 1015-1020°C, with the
following values for the partial pressures of active and carrier gas:

pHCI, 0.02

PNH3, 0.31

pH2, 0.67

Working pressure: 2.6 kPa
In these growth conditions, the lateral growth rate is enhanced and the layer becomes
flat. Then, when growth becomes 2D, the CL intensity is uniform. The growth further
proceeds. CL examination of GaN grown at high temperature reveals first smoothing
of the islands features corresponding to high CL emission, and then CL emission

becomes uniform. This corresponds to 2D growth of GaN parallel to the basal plane.



becones uniform This corresponds to 2D grow h of GaN
parallel to the basal plane. The Oxygen concentration

wa@00meessss ed by SIMS exhibits tBé same trend aBCT/EP2006/069767
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observed in the first enbodi ment, the Oxygen decrease

by al nost one order of magnitude when the growth
tenperature i s 10150C During this second hich

tenperature step, where lateral growth is enhanced,

the sacrificial Si interlayer evaporates and a cl ean

S eﬁber @txygﬁn ¢oakertiration @e meggirhd By ;Sﬂ&@e@@ﬁptsdu@ samae frerceas observed
st an f with, TDs d in the low .
0B I RN fimal o Bredhe iR E PO Elehs, B aerafaspitude when
onthk Reowdhab@pérbivekRa9ss@ the sanple reveals that the

TD density continuously decreases fromthe initial

interface up to the top surface. Bending at 90 of TD

[ d
;DB IR S O OBRRD 5] 5.
r esactificial Sﬁmlager&lva@rhﬁec omd oolesapphratien (HOSplaet.t her

on G or R-plane may be used. Exanple 5 : Production
of a free standing GaN using ion inplantation to

| nduge, %?&%gsa}%ﬂoﬁﬁcefs rRn §t£{§1n§% Bakr 2t %afermuﬁLﬁ)g WahdityYin the low

GaN/sap hire tenpl ate described in exanple IS
|rriﬂlannted by ions H+ in such a way that mcrocaV|t|es
5 are created at a depth of 100 nm The energi es range
bet ween 80 and 150 keV and during inplantation the

GaiV @R RBioh & 16 @FRl Mt RodcSpy Bt antiAatidorPthe WAIRIR thickness of the sample
tenperature. Atom c rearrangenents takes place between

900G versl thpg 9@0@ demiy ¢antineusbsdepsgascshisemid by inittdl AntgHace up to the

Ia%olp {fg%el ﬁ%n 1H% %t gdﬁ{o?ﬁp§sew (f i é"hﬁq\%/'r‘_i,gd n the %ﬁL(? sleocess

chpiteed . of! @ﬂﬁﬁdg @¥enoit MBI U@pobitdd tolnesztp@hﬁ@nfﬁ gt BIOIVPE reactor,
due to H+ inplantation,this GaN i npl anted | ayer can be

e aZIMRACHSEYh §éwon?ﬁéameé b et 0n§ & Replgpg @gy by used.

shown on Fig. 5. The HVPE growth starts at about

9500C. In this low tenperature step of grow ng a thick
GaRxampkr 5 byPIbMEtEi,ont dfea tfeepeamling GaNsuseg i@t implantation to induce
930- 9500C, partial pressure of HO, pHO at 0.03,
ofselﬂﬁ-@“o‘bﬁﬂ@@?% YA the carrier gas, H2, pH2 at

0. 73 respectively.

An ELO quality GaN/sapphire template described in example 1 is implanted by ions

H' in such a way that microcavities 5 are created at a depth of 100 nm.

The energies range between 80 and 150 keV and during implantation the
GaN/sapphire template is maintained at room temperature. Atomic rearrangements
takes place between 900 and 1150°C.. The H™ fluxes were between 1x10" and

5%10"7ecm?,

This MOVPE layer where H+ has been implanted is then introduced in the HVPE

growth chamber. Indeed, even though brittle to some extend due to H+ implantation,



The growi ng pressure was 2.6 kPa. G owh is carried
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coherent island, random |y distributed with random

size, thus involving an ULO process. After the | ow
tenperature step, growh tenperature is set up to
1015-10200C, with the followi ng values for the parti al
pressures of active and carrier gas: pHC, 0.02 PNH3, _
0. Bis ErbY, inplaredNsyRi erp by esslyrhangeds ThRawhele pivesses is schematically
gr v(\)/tr}lé:olglldiéions, the lateral growh rate i s enhanced
and' the™ ‘dyer becones flat. Then, when growt h becones

2D, the CL intensity is uniform The growh further
proceeds. During this HVPE growth taking place at high
terrgeratures, the H+ i nplanted region i nduces a self

se th gt

G S NTon SURRTR 15ars Bt B s tost Leaner Hyrecden phgrowing a
byt i i i -gefdci :
D B o DD O R gl prossure of
f r €1, 9HrIdit )3 GaNNHSUyaNH aat by 23c.abs cpriodgesel,, fpteat 0.73 respectively.

ORI Bt wmiver - HEp G S efisagg T gront e of

sapifuk 160 [yt he MOVPE reactor, commercial Silicon on
sapphire (SCS), either on C or R-plane could be
usad thay mthds lowdemperaeireiGadd giosys in the hetrheldeadierent island, randomlly

FonHatiig elepathagt b RO R BB T ayer of

GaN on starting substrate, e) subsequent growth of a

GaN | ayer at |l ow tenperature to induce island features
After the low temperature step, growth temperature is set up to 1015-1020°C, with the

following values for the partial pressures of active and carrier gas:

pHCI, 0.02

PNH3, 0.31

pH2, 0.67

Working pressure:2.6 kPa
In these growth conditions, the lateral growth rate is enhanced and the layer becomes
flat. Then, when growth becomes 2D, the CL intensity is uniform. The growth further

proceeds.

During this HVPE growth taking place at high temperatures, the H+ implanted region
induces a self separation which is eventually enhanced during cooilng by the
difference in thermal expansion coeffcient between GaN and sapphire, thus producing

sponaneously free standing GaN.

Such a process produces free standing GaN 2” wafers with TDs density in the low
10°%cm™.
Instead of growing GaN on Si deposited on sapphire in the MOVPE reactor,

commercial Silicon on sapphire (SOS), either on C- or R-plane could be used.



f) growth atop of a GaN | ayer at conditions where
|ateral gromh is enhanced until full coal escence of

W b@7iosd7and feat ures and achi evéfent of a snpoPET/EPBG6/069767
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surface, characterized in that , step b) is achieved
wi t hout using any kind of mask, nor roughening, nor
et chi ng, nor grooving the GaN surface, and only by
changi ng the operating pressure in the growh chanber,
the partial pressure, the tenperature, the V/ 111
rati o and/ or by addi ng surfdcbkARMSor anti surfactant
chem cal species in the vapour phase. 2. A nethod
according to claim1l1, wherein the steps b) and c) of
subgrgisendimgd @m h of GaN to produce island features
and snooth surface is repeated several tines. 3. A
nmet hod according to clains 1 or 2, in mhich t he steps

bl&/#g&e?%odad'ﬁnegltﬁﬁi g}f&%cor éi'é%@f {1&1@1‘[%/ gféﬁrgsm %ztf’?@;fogl%mng steps :

whi ch tde gb@ﬂﬁoiba)n @ﬂtdmab lagasre\)faiam av edrting sﬁbsmea space

vapour transport 5. A nethod accordin

clains 9 oM % unlil{[ gmwélh otf ﬁleGglt\Ielﬁgerb%t lgwdte@}peéﬁg[%re to induce island
achi eved by,diQuid Phase Epitaxy (LPE). 6. A nethod
according to clains 1 or 2, in which all the steps are

achi eved uyowﬂtabpoﬁnghmiby@hﬂ@pn@hagewEnbmamylgmnmhisenhmumd

Step b) i Sleiesetarn S e e G Getpgt or a smooth

i nduce i slgnduftgat ures, and step c¢) is achieved at
hi gher tenperature to get full coal escence of the
i sl and ﬁ@&ﬂﬁﬁ@gdawamachlevenent of a smooth flat

urface

st%q bz) 1%) MRk di ﬁl%rfj %% at%élciﬂ%d flm%sk ndr roughenmg, nor

I'sVachi eve a erature of

10200C aclelhfond? groovihg tva RN spheseaddokld by dlllJeﬁlgmg the operating
island features, and - step c) is achieved at 10200C
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III ratio and/or by adding surfactant or antisurfactant chemical species in the

vapour phase.

2. A method according to claim 1, wherein the steps b) and c) of subsequent growth of

GaN to produce island features and smooth surface is repeated several times.

3. A method according to claims 1 or 2, in which the steps b) and c) are achieved by

Hydride Vapor Phase Epitaxy (HVPE).

4. A method according to claims 1 or 2, in which the steps b) and c) are achieved by

close space vapour transport (CSVT).

5. A method according to claims 1 or 2, in which the steps b) and c¢) are achieved by

Liquid Phase Epitaxy (LPE).

6. A method according to claims 1 or 2, in which all the steps are achieved by Metal-

Organic Vapor Phase Epitaxy MOVPE.
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A nmet hod according to clains 1 to 8, wherein the
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spinel, GaN, AN, GaAs, Si, SiC (6H, 4H, 3C),Li AlO

2, LiGaQ®2, ZrB2, and HfB2. 10. A nethod according to
either clains 1, 2 or 6, where the step c¢c) is achieved

by the addition of My or Sb in the vapour phase. 11. A

nmet hod according to claim3, wherein either silane or
chlorosilane is added in the vapour phase. 12. A

met hod accor di to claim2, . er,ei n Magnesiumis
adz'e‘gn}ezhot agc%@%l P Cp n&sleorézllfl\rl:v{glrlcﬁh the formof MyCl2

obt ai-negdepy) ik aakitiomn aabmbédatey BElow BOPQ &b agEESiabd features, and
source or in the form of biscyclopentadienyl _
nmagnesi $fR CLB. achicvpd akhighay teaiperatypiigaleilbspalespinge @6 she island
accordi [ A et hod

accordi %gt“{r% aglpgf:%feg%%g?%%lﬁl?gﬁhn%gs‘%uarcteher step, the

thick |ayer of GaN has been separate fromthe initial

supstrate. 15. A nethod accgording to claim 14, wherein
thgz%a&ﬂaoﬁl&%@r@%?@%ﬁmgmr@a}eéw flthe free GaN

obt ai-n_egeﬂ $ furdiiet Rl kfBedurd 8¢ abbuteighee @8&\19% @,N9 the vapour
to claiml14, wherein the ELO quality MOWPE substrate

i s bef oplesatd tomdiethislaedfdayurengndheer ed to exhibit a

mechani cal weakness, | Jpl ane [1e the gro .
surt acesidpe) BRREFLAl Moo PP B tpieSl b o dalSaHel ¥rlhe istang
mechani fafurdsinkl WA of Aaihophangsurdid, to result in

delam nating of the epitaxial galliumnitride |ayer

due to thermal stress produced as the substrate and

G [ ar rat.e ol | ng: I .grLowt h

0 B BT RSk AP g sGOR o e o
safrmbd Q:iyaISaﬂ()fﬂﬁl%[ sbinel, NGEXN| @dNbetavaersif I$6C SoalLf “AY, 3C-),LiAlO,,
substrate and the thick HVPE grown GaN | ayer. 18. A

f r b aAthngnddEMBobt ai ned by a process according to

one of clains 14 to 17, where the neasured lifetime of

time resol ved phot ol um nescence (TPRL) of the PL peak

coi 0.e5 petididrgcdrdingl te eitharcidiolsd, ploasmahermadies stbp ghis achieved by the

exg(lcfit?gni gfn Mg 'o? qul’/l ﬁlréﬂvag(t)urrp gsrg.

11. A method according to claim 3, wherein either silane or chlorosilane is added in

the vapour phase.

12. A method according to claim 2, wherein Magnesium is added in the vapour phase
either in the form of MgCI2 obtained by reaction of HCl over a solid magnesium
source or in the form of biscyclopentadienyl magnesium.

13. A thick GaN layer obtained by a process according to one of claims 1 to 12.

14. A method according to claim 3, wherein, in a further step, the thick layer of GaN

has been separate from the initial substrate.



tenperature is higher than 400 ps. 19. A free standing

GaN according to claim 18, where the neasured lifetine
w@boovioessse esol ved photoluninesc%ﬁce (TPRL) of p¢EEPL006/069767

peak corresponding to electron-hole plasma under high

excitation 0.4 ml)/cnR at roomtenperature is higher

than 800 ps. 20. A free standing GaN according to

claim 18, where the TD densities are 106cm 2 .
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15. A method according to claim 14, wherein the top and the bottom surface of the

free GaN obtained is further polished.

16. A method according to claim 14, wherein the ELO quality MOVPE substrate is
beforehand or inherently engineered to exhibit a mechanical weakness, in a plane
parallel to the growth surface, of sufficient magnitude to promote a mechanical failure
along that plane, and to result in delaminating of the epitaxial gallium nitride layer due
to thermal stress produced as the substrate and GaN layer are separate by cooling after

the growth.

17. A method according to claim 14, wherein a sacrificial layer is inserted between the

starting substrate and the thick HVPE grown GaN layer.

18. A free standing GaN obtained by a process according to one of claims 14 to 17,
where the measured lifetime of time resolved photoluminescence (TPRL) of the PL
peak corresponding to electron-hole plasma under high excitation 0.4 mJ/cm? at room

temperature is higher than 400 ps.
19. A free standing GaN according to claim 18, where the measured lifetime of time
resolved photoluminescence (TPRL) of the PL peak corresponding to electron-hole

plasma under high excitation 0.4 mJ/cm? at room temperature is higher than 800 ps.

20. A free standing GaN according to claim 18, where the TD densities are 10°cm™.



