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METHOD FOR MANUFACTURI NG A LAYER OF GALLI UM NI TRI DE OR
GALLI UM AND ALUM NUM NI TRI DE FI ELD OF THE | NVENTI ON

wabiog/1iseention is placed in the field of fornP@OEP2009/052881

nonocrystalline layers of nitride with a conposition
of Al xGa-i-xN, where x is betweep 0 and 0.3, that are
flat and crackfree, on substrates likely to generate
tensile stress in the layer of nitride. These
structures are then used in electronics, optics,

opto-el ectroni cs or photovoltaic applications to form

phot Omtfgdb £6 I&WISAC?U%FNGOA g_e Y@@W‘GAQIJL%@ISNITRIDE OR

Schot | odes asers, optical tectors

M cr o- EI ect r o- MecGABLHIM ﬁ&NBtMrNMINUMWfRIBEs and
field effect transistors such as HEMI ("Hi gh El ectron
Mobility Transistor ") or MOS

(" MAIELP ©F TEHEINVENNIONt or Transi stor) transistors.
BACKGR(JJNDO:THEII\I\/EI\I'I'I(]\IGalllumnItrIdeg N) o
hond & taRYtiers ishplace i dvaifeld efolofmtng Engeoerystaligie layers of nitride

e 8 RempRLitdAldr We.da NSRS RieSetwEBRIBIRY 6.3, tHat lafe flat and crack-

necessary to resort to heteroepitaxy, that IS, growt h
fege, @ansubstratesdikely ta ggnerate éemsnla stresein the I@yemfeﬁmde.

! ay §hese th?uctthrlei R ptﬂéﬁ u eGthoni ldgh o%?gfc‘,globﬁoggltegtronics or

r
or silTcon carbirde are b g#y apprecra
gHoeovoltald gipplidatidrer etncéonmn blad:tbvolmnpacamipbeentw' tdle€iadluminescent

P P RBRE bR e prbil cebraiars. M4 Bl b Eiestro-Mechanical

Sﬁs@émcé r&iﬂllﬂéﬁsaéﬁd ﬁelhkﬂe%ﬁﬁaﬁﬁ%ré B@éh 8¢ HENIT i(HTyh Electron Mobility

nitri such during cooling after the epr t axy,
Trengistos “serr MQ:—Se@ l\/t@nt% iconduictard rgasisionnt anisistpige
| ayer. The thicker the galliumnitride |ayer, the

| arger the stresses. Wien the stresses exceed a
certBA(hKGRmsNDI(dF THEEINMENTICGN tends to rel ax by

| ay Gl i (EA efePpfed B sapjsuabedp tate due 10 e absence

SFuihios @a(N suHS‘ﬁrdtéé/ ETheréfké NBisidece B feddf to heteroepitaxy, that is,
manuf acturi ng el ectroni ¢ devices. A nethod for

grantly ae educatate ¢fraadiferant aatyae | tParewiGal tayers.
mMONGE Y53k lﬁ}b%'traté%ns@chs‘dg%l Rheor élh&h ctaf:blc?er are particularly

generate t engg%é stresses In a er nown
afpreciable due to their slight difference in lattice parameter with GaN.

However, such substrates present the disadvantage of presenting a coefficient
of thermal expansion (CTE) that is substantially less than that of gallium nitride, such
that, during cooling after the epitaxy, tensile stresses are generated in the gallium
nitride layer.

The thicker the gallium nitride layer, the larger the stresses. When the stresses
exceed a certain threshold, the material tends to relax by forming cracks.

Cracks are macroscopic damages in the layer, i.e., discontinuities that appear at
the surface of the layer, making it unusable for manufacturing electronic devices.

A method for manufacturing a crack-free gallium nitride monocrystalline layer,
on a substrate likely to generate tensile stresses in the layer is known from WO
01/95380.
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01/95380. Wth reference to Figure 1, this nethod
consi sts of successively formng on a substrate 10: -

w@2aalieat i on | ayer 20 or buffer l[ayer - a firBtT/EP3009/052881

30 of GaN - a nonocrystalline internediate layer 40 in
a material whose lattice paranmetgr is snaller than
that of galliumnitride, and presenting a thickness of
bet ween 100 and 300 nm - the thick layer 50 of GaN.
The function of the internediate layer 40 is to be a
seed |ayer for the growh of galliumnitride. Gallium

ni t Ry rdeBr r%%ttoclqgﬁfég 1B t}i® rﬁ%\f/ﬁoé %bhél%% W&@éﬂ%gg'ilel?/fformmg on a

the materi a er on I ch Is f
SB@@HatEGerf its | owner Iattlce paramater, t he

t S SLEeanaT /230 BUURPEYES, S5 in”the overl ying
gal hifigtlgyeri3odss Gayer 50. This conpressive stress

of fsets the tensile stress generated in the GaN durlng ,
cooRiMghodysiakige inermedipte '@M@’é‘f@ i eBRieER| Whpahattice parameter is

Coeéﬁ'aﬂére%nbtﬁby‘@\e?alm et '&ﬁd%’r@%rﬁtﬁ‘{gea AR H9between 100

to the prior art he i nternedi ate [ayer 40 nust
pr eeedB0gdodl crystalline quality to enable the epitaxy

of ﬁ"(?g@%ﬂr% L'qtgfé\é}q stressed GaN layer. So that the

ax_ at ' the interface, it is inportant
| n fTaetfuhtiadn ofhideiinteembdiate twemens tmbelm*seasdrmyeafc& the growth of

I the la f N i ely fl at
Gl i B BeioRdy G MR oLy IRHLSS Ragpmelglonf the materia

GERRE MYeBh YHicHit HohAedat e to be rmnuf actured on a
silicon substrate. However, the thickness by which the

GaNBeegussr ohits lower fritice pREaseetsr. ibe injaredjalgrlavemdO inpposes, at the

otsltl%l%mf)gha%r%s a%%ﬁﬁ%%@.n@?s@%&dg@é oQanégmeHm ftride layer 50.

ta I'n ness
t en§hrsmcanp*esswélsltreb§v dffaetsrtmektedslte et\gessagémergtedmrfihesGaN during
ect ventian

th
R 6t ey ebie df (h<Tal XBRaSE RapTgicr Boypen GaN and the
gdblsg‘rg%r t han those achievable in the prior art.

IA%gudyng qtgethe prior art, the intermediate layer 40 must present good
crystalline quality to enable the epitaxy of a good quality and stressed GaN layer. So
that the GaN does not relax at the interface, it is important in fact that the interface
between the intermediate layer and the layer of GaN is completely flat.

This method thus enables layers whose thickness may reach approximately 3
Mm to date to be manufactured on a silicon substrate.

However, the thickness by which the GaN may grow remains limited since
during growth, it partially relaxes by forming dislocations. Beyond a certain thickness,
the layer of GaN is thus again in tension and is likely to crack during cooling.

A first object of the invention is thus to enable the formation of gallium nitride
layers that are even thicker than those achievable in the prior art. Typically, one
seeks to obtain layers with a thickness greater than 2 pm, that may reach 7 ym or

more without cracking and preferably with a level of dislocation of less than 5.10° cm’
2
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seeks to obtain layers with a thickness greater than 2
mm that nmay reach 7 mmor nore wthout cracking and

weewbaraaibly with a | evel of dislocation of | esBCT/RP2009/052881

5.109 cnin addition, the nore the | ayer thickness
increases, the nore a concave cugvature in the upper
surface of the structure is observed. The tension
stress in the GaN layer in fact induces a concave
deformation in the silicon substrate. This phenonenon
is all the nore appreciable the [arger the wafer

di aget of4itidoWhet Higte! fﬁ%kr%{mt h‘i’cfkﬂ@$§ ihereds@g, Omee%érléata concave

may turn out to be rnsur or subse uent
queeatn igthealpper sugse@ of itreesirumiuieny Cédsemeldoff he temsion stress in the

CRYCRYEE b RIS T &l chica e bl Tn fHE (Hilech sbb¥irate. This
preyemepiondalall itheniure rAppeedialattt |aRirithe D@éﬂjlaﬁie@# Sow, this lack
THE | NVENTI ON | n conformance with the | nvention

Gfeta{oesDo s RaRFART UNRRGNAY dyracRYE F%@WHW?%’?@MQ fps subsequent
tBERRAISG cAIDIBEcS¥et WvHé?ﬁnﬁQiﬂB%‘Féétr‘oWb & mlec%c%lb%omponents

proposed, where 0O .3, 0on a substrate likely t
gen haseam@thgr oféeg& ¢fetbge@var1tionh%to myroye e ﬂamsﬁ@ﬂthe thick layer

gjogﬂ bﬁ}%é@? £gl I owing steps: a) formation, on the

L°Rucl eation | ayer b) formation, on the
nucl eation | ayer, of a nonocrystalline internediate

ron BRIEE SEEERL By B AR IWERGTBN or ' 5% 1o tend
| ay g coﬁ?orH%chWQﬁrtMétlﬁbéhﬂtﬁ\ | @yR&thel Y adufackl¥ing a crack-free
nitride. This method is characterized in that: - the

mepesniealine @itidg syaratity thel conpasitinn Abgnasisgaioppeed, where 0 < x
$'r(])t.§ ' 8“? %&?ﬁaté §Ry BY géné@feegér%he 's?re%@eéo‘ cﬁ% ‘?Muggld method

bor on cont
ctdmepr'rang thelfelloveiap sjtdspzs t hi ckness of the seed | ayer and

t he thi ckness of elnﬁ_ermslate ﬁ%ﬁ: i S between
0. 0% an@ration, graey PE2 BHCIEBIAR YSf he seed

|fayfb) | Poriatid®, 015@16 rﬂjc@wbnﬂw éﬂtﬁrﬁoﬂﬁﬁ%&@lllﬁeﬂn@rmedlate layer
orm ng_said crack-free nonocry stalline xGa-1i -
ni t 19 defar@gtien, on the intermediate Iayer of a monocrystalline seed layer
d) formation, on the seed layer, of the monocrystalline layer of AlyGaixN
nitride.
This method is characterized in that:
— the intermediate layer material is aluminum and gallium nitride;
— the seed layer material is an AIBN compound in which the boron content is
between 0 and 10% ;
— the ratio between the thickness of the seed layer and the thickness of the
intermediate layer is between 0.05 and 1;
— The temperature of forming the seed layer is 50 to 150°C higher than the
temperature of forming said crack-free monocrystalline AlxGa1-xN nitride layer.
The thickness of the crack-free monocrystalline Al,GaxN nitride layer may thus
be between 800 nm and 7 micrometers.

According to other particularly advantageous characteristics of the invention:
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The thickness of the crack-free nonocrystalline
Al xGa-i-xN nitride |layer may thus be between 800 nm

w@eao/d1szucr onet ers. Accordi ng to ot her parti cuPEr/ER2009/052881

advant ageous characteristics of the invention:- the
thi ckness of the intermediate |ayer is equal to or
greater than 250 nm - the internediate | ayer presents
a content of alum num of between 1 and 35% preferably
bet ween 6% and 30% ; - the substrate is in silicon,

di anond or silicon carbide; - the ratio between the

thi leﬁl@ﬁﬁcl{h(es% BetrRSRErin@URle ;]mg_r gg%ﬁ] chgﬂ;@%_atétpggémﬁso nm;

internediate ayer 1's betwee .
t hi ckineddemfiediaie lsyerdoreagris a sorjeniefeaiudinmmof REvean 1 and 35%,

- t t Ly e rmng the seed | ayer by
%feggwi)@@%ei}ﬁépﬁq aﬁ@o?l ’s 80C hi gher than the

t enpeiasubstrand ifiarsiicog, diamondaslsilicorearmaecr yst al | i ne
nitride |aye Anot her obj ect relates to a structur

conpringi A0 PetwaER 1he daickietse Pl Sieaseem dayaT andidne Aygkness of the
Mk Metinge FOBPRYICNEEN Of2 Aha 635 - XN, where 0 x 0.3,

and a substrate |i1kely to generate in the |ayer
t ensithethickness et thestied lsyeris betveeanude esdi2plinm;

CoOMI Sk e rat 8! oq f8H1k?ﬁ|{;mt§é %Fea I%err%%) 2 écﬂ&rlb%\é% epitaxy is 80°C

a nonocry sPaII nter
h@mﬂdhastrad iemrperatmeei of fmymmg thesaack- irremcrmmstwtdllmmmtnde layer.
(t)r:e(rn itr st ruc% ure i s character

t hadnofherRPIGHSEIRES b 7 SRR o BRI B ACTAck T Epnocrystalline

ﬁlﬂﬂlﬁehﬁf/@rnwﬁﬁﬂﬁ@%rﬁp%sh%h\/\@fem GaiINl WRdke 0-< khe0IRafhd a substrate
I presents a relaxation rate, at ambient

a
like @tn@raie inthe leyer teRsite Soesseshenid BiTuRives suesiessively comprising:
cra? élocrystalllne Al xGai -xN nitride |ayer,

hen e étvveen 800 nm and 7 m croneters.
Ac;ccyﬂum@ttdm laydrer preferred characteristics of the

i nvention: o .
— a monocrystalline intermediate layer;

— a monocrystalline seed layer;
— said monocrystalline layer of nitride,
This structure is characterized in that:
— the seed layer is an AIBN compound, in which the boron content is between 0
and 10% ;
— the seed layer presents a relaxation rate, at ambient temperature, of less than
80%.
The thickness of the crack-free monocrystalline AlyGa1.xN nitride layer, may then
be between 800 nm and 7 micrometers.
According to other preferred characteristics of the invention:
- the intermediate layer is in aluminum and gallium nitride and presents an
aluminum content of between 1 and 35%, preferably between 6 and 30%;
- the ratio between the thickness of the seed layer and the thickness of the
intermediate layer is between 0.05 and 1, preferably between 0.2 and 0.35;
- the thickness of the intermediate layer is equal to or greater than 250 nm;
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- the internediate layer is in alum numand gallium
nitride and presents an al um num content of between 1

w@eeo3524 preferably between 6 and 30% - the PEIL/EP2009/052881

bet ween the thickness of the seed |ayer and the
thickness of the internediate |layer is between 0.05
and 1, preferably between 0.2 and 0.35; - the

t hi ckness of the internediate |ayer is equal to or
greater than 250 nm - the thickness of the seed | ayer
IS between 30 and 250 nm - the substrate is in

Si |1 efun rBEDBFIRY seid 1A 66H1s EBALIP30 ankbSorrRl axat i on
rate at anbient tenperature of the see ayer i s

bet wiems @esteatel is7iB%ilicapcdinaiong arsileopgathiderl ar

oy e ipratoldet AERabEr IRk AT LI oot Shergen 0 and

A% cessively conprises on said |ayer: a channel |ayer
in GaN with a thickness of 5 to 100 nm and a barrier

| ay &CCPIing 18t 2 masicydo gBIPoPiaRRta fom FraghciRe MPNeRYsiatine nitride

1@ orAiSEIsds R 500 o BRIMBIMESRP dhidfttu@iret iR cessively comprises on
i nvention, said structure successively conprises, on

saiklayetick-free nmonocrystalline nitride |ayer: a

channel _I r of ScN..and.a barrier | oY

mater | af CABASIYS G N & BaShs pRR e Bluane

Accoar di adarferag@riiea Material tHusentiien aRfteig-AIG®, AllnN and BGaN.
nonocrystalline layer is in galliumnitride and said

str 6@?9'@3’“9: B?rﬁﬂp@@{% emppdimeat Pfai}'@r invantiRdy rsadgd Strki?té'Fe sHccessively
c%qhn?rfs%%! &h ir%“&%%ﬂfrfe%‘?ﬁbﬁé@i?%arﬁ%&%%déla’y@h' and BGaN.
Invention also relates’to a device-“such as a

phot ovoh charne daysooé ScN, andel ect r ol um nescent di ode, a
Schot t ky ,di od a.laser, .an.optical detect r .an

VENB, cORBITE awsTima Taeteliat iRBepiem ftons Gkl RN and BGaN.
des@iccbriihg toashdtier Vaationy € trark dle2omanedrysalling 1&yer is in gallium
field effect transistor that conprises the structure

risideandespi G plveuresraeRisSsoRISPIH lexeop PR HRYGY IN@gMaterial chosen
f%rp%h&{@a,&@féer|mq\Lgﬁd apgnadvant ages of the invention
W | ’ t he '

I
emerge from . .
The invention also relates to a device such as a photovoltaic component, an

electroluminescent diode, a Schottky diode, a laser, an optical detector or an MEMS,
comprising the structure that has just been described.
Lastly, the invention also applies to a field effect transistor that comprises the

structure described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the invention will emerge from the
following detailed description, with reference to the attached drawings in which:

- Figure 1 shows a structure comprising a crack-free layer of gallium nitride in
conformance with the prior art,

- Figure 2 schematically illustrates a structure in conformance with the invention,

- Figure 3 represents an electronic device constructed from the structure of the

invention,
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followi ng detailed description, wwth reference to the
attached drawi ngs in which: - Figure 1 shows a

w@rooaaiszne conprising a crack-free |ayer of gabP¢T/EP2009/052881

nitride in conformance with the prior art, - Figure 2
schematically illustrates a strugture in confornance
wWth the invention, - Figure 3 represents an

el ectroni c device constructed fromthe structure of
the invention,- Figure 4 illustrates another
configuration of the electronic device in confornmance

W thp eﬂpréétﬁ}ga DEE@!h'eED i B Qe THdfectronic  device in

INVE manuf acturing a structure
Qnqurmemcaww bedrverttiose nonocrystal line | ayer of
galliumnitride on a substrate likely to generate
tensile stresses will now be described in detail. The

st e|IDETAILEDODESORIBTION G THEINMENTION | i ne | ayers
constituting this structure are inplenmented b

epi tTaRy. MeQch; 8f t dRANUIAGIEHRS 13 oFtrUEIIre oGOmRising a crack-free
rhBNScriySd@het B8 0P JRfh RiRiden8nf #rdidstat: (HReI?I to generate tensile

nonocrystall1ne |ayer by epitaxy. It is speci
giressewdhnow heaestiilesd indeddil. types of epitaxy, such as

nol I j LI
ohaddleread pabaite Pl EhARIBTY 15/sFutdfifio tis stucture
e@bemnptmrherWe@by elp&pm)siln ithig té)&P@éD))smon PNP'@k rcﬁvlriylblrshthﬁes understood to
V, se are we nown to the

B bR mRE PhA ksl ByPEpe ety 1 s

noNQRGE ¥pbafied ﬂﬁatﬁﬁé fviedtion bbﬁl'lé‘s tboal t?ldé@ of Qﬂlﬁabéyesuch as molecular
stresses in the GaN | ayer, such or exanp

kgan epitaxy{MBBhdraanamelalicrvapar phaee egitenhi QME!EIE&I eragven LPCVD

o RS Ehaica Y Bbor DEBod B TR D SETNRE P Bapor Phase

Bpitasy, artmcfaare welaknain @atde gersen peified outhardry

ahoSUbRFREkhisd8 3 BopacvnelGeBatear! kshh ot Paslmiresses in the
GatltayR, BRI FET exEinsdIB silicon, tiainidiR erRdilionadarsitiet he

substrate, this layer does not present great

crySnaihis Rubsjlaie it 2 nuclaliit fayer 2 Isi iesmedyera gaterial whose lattice
oaftdred | "qt&h?éd@g' BEveeRY flat - of! he! BEBStHIEYMhd hat of GaN. In a

nucl eati on
particularly advantageous manner, the nucleation layer is in AIN whose thickness is

on the order of 40 nm. Due to the lattice parameter mismatch with the material of the
substrate, this layer does not present great crystalline quality.

A monocrystalline layer 3, so-called “intermediate layer”, is then grown on
nucleation layer 2.

A monocrystalline seed layer 4 is then grown on intermediate layer 3. The
material of the seed layer is typically AIN.

Lastly, the monocrystalline gallium nitride layer 5 is grown, with a thickness that
may vary from 100 nm to 7 micrometers and preferably from 800 nm to 7
micrometers.

During these various growth steps, the structure may remain in the same epitaxy

support, in which the parameters (nature of the species, temperature) are modified
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A nonocrystalline seed layer 4 is then grown on
internmedi ate |l ayer 3. The material of the seed |ayer

wo soobyips2eal |y AN, Lastly, the nonocrystall i nePgeEPio09052881

nitride layer 5is growm, with a thickness that may
vary from 100 nmto 7 mcroneters and preferably from
800 nmto 7 mcroneters. During these various growth
steps, the structure nay renmain in the sane epitaxy
support, in which the paraneters (nature of the
species, tenperature) are rmdifi edaccording to the

eﬁﬁb%e%"to EP}]egrrﬁ)é’f’erlﬁefbeg‘;r) » erthélelsé RO®S ggéﬁbﬁeoto proceed with

roce epl t axi es ferent materi
@nt\aetealof piifearent roateeql& iprseneral piecagotieduipment, sasmmieldl e

sovli9 Por et Toif e Pup B¥n BBy P Gne FRRRLIpRR Boveral ayers o

c&ﬁM@ﬂt AEgesiis. flois thuaapVantaged e for axampler totfomh a layer that comprises
n;arl ses a radualal%%%irqpo& tion to enabl e devel opnent
fal cemposidiopde dg¥elarEeNt RE thetaticePp f gptween the

IQtftlcé rl%r%\@fé?"df tﬁ@%ubBéFt &Nd HH3e op \i8e vemdng nﬁt@Frﬁ@éﬁb%t %yer 3. This

ayer . his allows a lower lattice msnatch
allowsr ﬁiré@walt @tiicey gyisraateht with dre iniatmenigteblayen cheter@h@hat may be

kel DS NR LA et AL as, ! 1LY, The

ér ned ayer Ily is a ternary
al | EﬁyeAht@ahbdlhfealtayemalnrhaerlaldmbelﬁmscmtemﬁanymallosyeﬁddiaN that enables

GNP PL Vot isLAVAY 40SuMLSSP oePlah P BRogion piiuminum is

Xovaed 1 nd B8, bﬁé?é?a@@"@rea'ﬂé?trﬁneé%rdﬂor@é‘é AW 30%.
al um num content in AlGaN internediate layer 3 is

chodbe preferved m@wmttﬁmrﬁb,énlb@mmﬁemwé thed\Bedl intermediate layer 3 is
o\ééﬁallrérlnnﬁ &ﬂﬂpr% eNEL the feeﬁhtﬂenﬁ%ﬁr[éoalc éltalfr’ne homogeneity of the

um num and I um con ent s that are 1'denti ca
reamnyxl e rHImmaTnmn lahd g:hdimms cbnntentst thap areaidentca riis wverygpa@int) and its

ood.,. r){sta ni;a(/. I.n fact ) P ﬁ;her t he al um num
‘%ﬂ?ﬁ %’F‘p?F?é“Fe @PHQQ%Q@%&/@P 'BY-t he hi gher the

depﬂﬁfetdt JORet RGRET kUl emiHien cdnket Of e ait@thddateh@yer 3, the higher
dep 0sition tenperature of a |ayer of GaN wi t hout

the lﬂﬂpﬁ’ﬁﬁ'?n daerperaidisr shayld e (@@m&@md i thecppresii QY enaperature of a
I%}Z@r (’ﬁ‘lé\%N‘W{r‘g&t 'aﬁjrﬁpﬁr%') %ngﬁl s A?EP( @@ &&itich téntug@rature of the AIN,

nperature generally use sttron I's
wiiieh ¢ deenofefrbBEDY G)ate Bait( thmErrmeasawm: geoératljn elsgdﬂfdm AIM deposition

iglo%qﬁe gl qulg5bgcvery vol atil e, does not allow

But the presence of the gallium element, which is very volatile, does not allow
temperatures that high to be reached without risking evaporation thereof.

Thus, to maintain sufficient crystalline homogeneity and a deposition
temperature suitable for good crystallinity, the aluminum content preferably is less
than 35%. To obtain very good crystalline quality, the aluminum content should be of
about 20% in the contemporary state of art.

The thickness of the intermediate layer 3 is preferably greater than 250 nm.

With a substrate 1 of silicon, a nucleation layer 2 of AIN, the thickness of the
intermediate layer 3 of AlGaN may reach 600 nm. On the other hand, beyond a

thickness of 600 nm, the stress imposed by the difference in CTE between substrate
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tenperatures that high to be reached w thout risking
evaporation thereof. Thus, to maintain sufficient

wa@eoostigd2hd ne honogeneity and a deposition tenpRCHEP2089/052881

suitable for good crystallinity, the al um num content
preferably is Iess than 35% To gbtain very good
crystalline quality, the alum num content shoul d be of
about 20%in the contenporary state of art. The

thi ckness of the internediate layer 3 is preferably
greater than 250 nm Wth a substrate 1 of silicon, a

LAY ?rﬁér‘n‘?éhét%ﬂgg er’3 %f @hﬁp&aﬁ‘ﬁsﬂ‘béﬁé}%ﬁﬁ%gh&nﬁ of the mtermedlate

I nternedi ate r eac
|ay¢‘re/vh¢1“ampllnbét9©ﬁtl‘uatumi ckness of 600 nm the stress

ana T 8 ebeG! i B induge BT SHERY i b tefh Bliate tayer 3 of

ASatr ahd ngtrc aatddiegionf layée 2iint ANTek adyer| Ayedy Waeh 2 micrometers
coollng the structure. Wth a substrate 1 in SiC that
WY G8NE@diBISIa&Ss in the internediate | ayer 3 of

Al Caieasid ol dfith@ ireirhEthteByaray 6 AIG AN arR Nuliple | ayer

3 may reach 2 mcronmeters wthout generating cracks.
The Fast, dist @tttﬂe p@r@maiereﬁn@dsstﬂeclpa@reﬂwaa e latticaNparameter of GaN

| t. , t, 1S -
ERGILPAE R $7 1o 10, 12 APE oE TR huri BB ey 2 and of the
AdNI csfrthalot/erlymg sebdﬂawfr 4t ﬁ'elsﬁdlllght)ﬂlffel’mwcend%ithgé pgrameter allows the
nucl [ 2. .an e of the overlyin
QB onylilosones TSGR BF réioeRee 1 Iattive o

par W@d@ﬁmﬁ' higvpréthcBUsBIuhin®h @iirFbReat thenptdrimeblits layer 3, in
| ayer to be reduced. In addition, the presence of

rerlienlaruwheei the leminunn coniané risngiieatee thaty 8%, 3which better resists the

%rksfv\ﬁég Eﬁpbe £ gblj tﬂ% &\W&éﬁﬂ%@%‘&ﬁﬁ G'a?xl W %te ablh@?rﬁ;lgile at high

resi sts ack €SS i npose
taidesatacks| andetends tth dredBadiown by fexotiffuSiaN ofﬂhé lgatljuheuraader the effect

BB sk e g B Be Sy I A der Cthe oot of the

str ape dofeeg§eshdeyof the [re@bLy ipdthtAd bhat DM BaNIRAHEEEE the deposition
of the previous point is that one may increase the

EE | tf@wﬁe%tlweé Hwitheet degepding, de mtwm%@p layer 3, which
egI%Wsaéj'b@ﬂeF Erz/l StiRS g@ ‘t)?to?t er?hl c}f‘?h&% Ié’&k’lﬁ Ao ) bg obtained.

etter cryst |ne et ert ar
Treey elepdsition blengpteratiuree abf tﬂﬂseseleqbdayen dnist aiirptbeasame Immted by the
ttert}]psére%tSFedatl & %Fw tﬁ'e's%bgtlrate degragl A I%'tr% tcgge% sﬁiggn, the temperature
limit is on or about 1300°C.

Lastly, when the thickness of the intermediate layer 3 is more than 250 nm, the
layer allows better crystalline quality at the surface on which the seed layer 4 will be
deposited, since it allows the dislocations to meet and cancel each other out. The
result is a smoother AlGaN / AIN interface that promotes pseudomorphic growth of
the AIN. The probability of 3D growth (that is, in the form of islands), synonymous with
relaxation, is reduced with relation to a rough interface that offers more liberty to the
atoms to rearrange themselves and form a relaxed crystal.

Inversely, an intermediate layer 3 thickness of less than 250 nm does not allow
sufficient crystallinity to be reached to obtain a smooth interface, which leads to a

high degree of defectiveness in the material of the seed layer 4.
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tenperature at which the substrate degrades. In the
case of silicon, the tenperature limt is on or about

wa3®oat44 astly, when the thickness of the inteCTERIa%/€52881

layer 3 is nore than 250 nm the [ayer allows better
crystalline quality at the surfage on which the seed
|l ayer 4 will be deposited, since it allows the

di sl ocations to neet and cancel each other out. The
result is a snoother AlGN / AIN interface that
pronot es pseudonor phic gromﬁh of the AIN. The

pr Ohﬁgérls' 3 ¥ndf4 %sgrrégxelaké ﬁ% efwedr tHd idiAEEY gff \}Get I%eed layer 4

i sl an ,  Synonynous xat i on, 1S reduce
arel &he ctimcltroesa olothsh inteteediaieclayrat3 of betweern0ed] iabar t.ypreferably

t t@ rearrange thenselves and forma
qngvégﬁgaéc?@Péﬁ% I nversely, an internediate | ayer 3

t hi Thiestckpss estio bhaie RFEra 1w neessagt toamaimiain good stress in seed
suf ficient créstal linity to be reached to ohtain

13- itte PPGEAY G yrHNdieskiand 1al the gHedeiiae layer 3 must have a
tﬁ%f(ﬁééé t‘ﬁ%f‘ ﬁ%?cHé% thB€okanayr 20 ikpBse 8edrdsa¥Xférein.

ayers nmust respect a ratio between the
t hi lhﬁébl@kmsa M@egééaweralylérprafeaahiy pabvaen 3kaed 250hm.he

| nt ¢4 %gggéetﬂeagﬁ%%!oﬁhe@%’% e B e AN s]e'ed%%]rgﬁ%’l% to 150°C

bet ween and Kesee f at i
RighyaT thah sthe edepesiioy  tempeeatateaoh thggo oderdtimee $aN mameﬂi Typlcally, the

AR Biaiapes sl &y 8 Somamiatiiiuen e Rickk pL20eG; e’ B Gan wil be
dEEES at l%Wﬁéro?’fma\scSI?CBdOa(S'ie'V 4 to inpose a stress
t erein. hi ckness of seed |layer 4 is preferab

bet WyeMBED GaNl i@sonygitionaladapesied, between ang &30¥C and AIN is

fhﬁﬂﬁ&ra"l“ 88 @f 150 Al ﬁeﬁ?&rﬂpé%\fﬁﬁe ‘édtsoeﬁ"& {dﬂf%%ﬁce of 80°C, the

er t an the depo erature o
rematuym rae Ga e e&mﬂaﬁer |§y¢nscwms§actdrhe AIN wi Il be

depaqsi t etueonteorde f90vah

PP eft. e MIRGL P o aRBmblE sRbfslect S IS of between
36, akN208° GOBM@ﬂhé@@‘{I|bét\ﬁé@rﬁ7$5()e§ind3ﬁt1%@ EﬁQh@n@chnlque the
830C and AINis forned at a 80 to 150C hig

ql@wsepma@poen;mn TRl T tREbO0S UGS S0 G do obtain the desired
ésﬁ?tc?é gt{égt @e“%gﬁ” ﬁ?{%y%‘% GialﬂI Ib:,SSf or exanpl e,
depdsi emlalaed aabto&apenatmaye innplebwnidbe gIO\E!_th aﬁmas_ee@(tayer 4 at a
tgﬁfpetra ure%at k|)s,eE'~7o glgge ?ﬁed u%%’gr%)r?g inl%grrrt]gclligtet I%?ané%?ﬁ a material
that better resists temperature.

However, the lower the aluminum content of the layer 3 in AIGaN, for example
8%, the lower its thermal resistance and the more a significant difference between the
deposition temperature of layer 4 and that of layer 5 in GaN may cause a dissociation
of the AlGaN material. In this case, maintaining a difference of less than 120°C will be
preferred.

These particular conditions of the method present several advantages.

First, the high deposition temperature of the seed layer 4 improves its
crystallinity.

In addition, by depositing the GaN of the thick layer 5 at a temperature that is

less than the growth temperature of seed layer 4, the lattice parameter of the seed
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di fference in deposition tenperature may be reduced up
to 50C to obtain the desired effect on the stress

wa@enens2ed in the |ayer 5 of GaN. As expl ai nedPebyBP®)9/052881

one may inplenment the growh of the seed |ayer 4 at a
tenperature that is so high singg the underlying
internmediate layer 3 is in a material that better
resists tenperature. However, the |lower the alum num
content of the layer 3 in AlGN, for exanple 8% the
lower its thermal resistance and the rmre a

I§_\'/é}r]‘s,fc'o b refeanrsIdabie AR [ayer enables a larger
il PR bt e DM AT laver

nperature of layer 4 an
cmuwesavehﬁwel it |thm tfmf:ktlhxaerAB(aNGrmN ethaal if tha o snaterlals were

| nt ai_ni Lfference of less than 120C w | |
0363’%@%‘?%#Q’S}a%%@egggﬁcm ar conditions of the
et Toe sekest thaeties AlNadeedtiagesprebentst a relaxatibghate at ambient
deposition_tenperature of the seed |ayer 4 i

(PrDoR s A |4 fon G0 aBtEIeBlY, DEWesRLTS A e Belargtion rate is
Hider€i8od b Fdfet RYBE ratidbefvd<Mpenatite %affaﬂﬁétek %{ lr:]@rﬁéressed AIN and

than the growh tenperature of seed layer 4,
thatlatn@@ ppeametet e AlDY intthe relaxed siase. It is speeiliedgbaiocompriession takes

enabl es a
4% aBha s ibE B BEPEMRED Rk shitfet RlneMEG . T o can
thaﬁ:anﬁparbd tbvﬁberraéttrodaﬂrsmviheqontermﬁl thedsextd talyer daisethus more in
eratur The result is that INse

B el PUPIS AT P ITRTGRE PUTpa aAIbENoRIows a seed
Rﬁé’% mﬁr\/&@%oér&isﬁﬁélﬁﬁé kﬁu?lﬁ&"h@% &93@68 WhPnh enables the overlying

laxation rate is understood to refer to the ratio
lagen g @alliuRenitride fodee grinpiassed bMﬂlemmﬁeéar?@éanﬂlt Kpeainterface.
t he t ; { ;
" he Bl 1 B Rl ircler My B U L BREKF R AbES A Gan., which
@m e, th;c)mpsaer af ﬂ‘HS Iayer tdbe Snecreased wﬁthblhltefoha'y@rcracks or leading
ared .t romthe ar t

(PRt b Eu R PR he S s deaE AT b mPS At use
of ansigpleerisBdhat ie obﬁa\(rﬂhg 3ni AINAsEBdN Ak @V@se@tlﬁg%drelaxatlon rate of
| ayer 4 with very %stalllne qual ity t

legst H?arﬁbao"/wuﬁuame&%wégorﬂ Hory jir prdging dhe invsntigal fheyimvention is
U0 BRI SRR oA LA U EUPHSLEE, S Hlyer. One
reay disiss iméglhe, Wwilyaut depaftir@afpmatiniecscope of the invention, the use of an
intermediate layer in a material other than that of AlGaN, with deposition conditions
determined to generate in the overlying seed layer a relaxation rate of less than 80%.

As the curvature of the final structure was directly linked to the residual stress in
thick layer 5 at ambient temperature, the invention, which enables the tensile stress
imposed on the GaN by the substrate to be offset, thus reduces the stress and bow of
the structure. The invention particularly allows curvatures of less than 30 micrometers
and preferably less than 10 micrometers on diameters of 4 or 6 inches.

In addition, the invention is not limited to the manufacturing of a layer of gallium
nitride, but also more generally applies to the manufacturing of a layer of gallium and
aluminum nitride.

It is thus possible to incorporate up to 30% aluminum in layer 5 of GaN while

conserving the same parametric processes for the manufacturing of the layer.
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enabl es the thickness of this layer to be increased
W thout form ng cracks or leading to curvature in the

wa@roonaiszne that has returned to anbi ent tenper Bt T/ER2009/052881

is specified that if obtaining an AIN seed | ayer
presenting a relaxation rate of Jiess than 80%is an
essential condition for produ0|ng the invention, the
invention is not limted to the particul ar met hod
descri bed previously to obtain such a | ayer. One nay
thus i magi ne, without departing fromthe scope of the

| NV &Rl Qpnnddifon a%r @%daf‘t‘h%\ﬁ%dfo%ﬁl 4 gthé‘ei’pressmn Al,Ga1N

material other t t hat osi tion
\&Ib“nmbetvmﬁ.ﬂ @Iené@n& ned to generate in the overlying

cur Ve EwE oa aR el Bt doatdiiihd 2Pl A HipfR i or example
dohidvied wiers adbigkn&ds 6553 niitrohteters, withient &ragkingrpidemith a temperature

tenpg:r ature, the invention, which enables the tensile
ss: i nposed on the GaN by the substrate to be

of f $@hdakiBHS t i€ AU BoddMe Ib RS paftie %V\folofo%rk?oron at the AIN seed

structure. The invention particularly
layervhitheescegdf layers4 themhas@ aeropesitere expresdegbyftbe donyula AliBxN

. f r .
\&lﬁi b% v?%kn aaﬂhﬁ@% fehcc’eon%%\r/\grl\r@{.ﬁ%rﬁ;oée |els%ni(arﬁf%é:’é§ ?fothls layer that
atrbewetrama‘ryd:ds thd ingertfora | ayer of galliumnitride, but
al sqQ nore ner lies to t ufactu of a
oy Bor S Porihe iTE paratosin Pt MIeGEN materal silfss thah that of the
mswém ddPndr&‘Wj PO%ESB it ¥=0. POYn@ldapbaiten b idtéweddiate layer 3 in
N whil e conserving the same parametric processes

A'@ﬁNﬁwéhﬁﬁﬁQmﬁfﬁSéi%ﬁ@ Ntgfdayesyder . The composition of
WY hd B MABHBCId A Thata, gyrgtrlﬁ%he%i’rnﬁés)xﬁlﬂ AlLB.N may be

bet ween rowt h of
deppsited with @srlyl gnmpcnystaﬂgntgwt’o raglnlrtemnpmatsref avhilexalioplirg the same
hleved

h t t hout
Fhderrewthihl aPoro sy BiiReralus o e Bhv0o palhadr 1 on.

It iGotahke, @I&&ﬂdsbioetﬁeo%@Qﬁfd@ﬂrn??érﬁnéwhtb%ﬁé}”/@@rﬂémﬂwgablumlnum a
the AIN seed | ayer 4 (the seed |l ayer 4 then has a

hghgrospmpassveppleassed Be il pepdniaverAPeemKENDG @plained by the
BESIRED 10130 Sl MOLLS GO0 AR e 1 ERBRHElancs, Those
dameegtiaeo planEer careapohnd, toamultipdes airt harenqgecsawétiatticef parameters of
materla,\I lthtHSIdeS gfthg%gnél gr%dtlht%trfa%fe the

The stress is not applied at the level of each lattice but is distributed between
two adjacent coherence planes.

Compared to GaN, AlGaN, which presents a lower lattice parameter, would
allow the lattice parameter of the AIN of the overlying seed layer 4 to be compressed
by different coherence planes.

In fact, there would not be a simple lattice match at the interface between the
intermediate layer 3 and the seed layer 4, but a match between two coherence
planes, multiples of lattice parameters on both sides of the interface.

For example, in the relaxed state, the lattice parameter of the intermediate layer

3in GaN is 3.185 A, while the lattice parameter of the seed layer 4 in AIN is 3.11 A.
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AN, |ayer 4 conprising 10%of B (or x=0.1) , and
deposited on internediate layer 3 in Al GN further

waeeopnerses the GaN of |ayer 5. As the BN nat ePCEEP1089/652881

very refractory material |ike AN, Ah-XBXN nmay be
deposited with very good crystalhinity at high
tenperature, while allowing the sane difference with
the deposition tenperature of the layer 5 of GaN.

ot ai ning, thanks to the use of an internedi ate | ayer
contai ning alum num a higher conpressive stress in

the O@n@e&@&qw' %gesrulpﬁ Q’?ltﬁgt el &?QOFW ?EE@ of the interface, 97

presence, I ne structures o
erpstak iattices otﬁGaN)aed éﬁ@e:rmtalrieﬁlcem@é%\l behvegamiveo pcbhmeece planes

SEETENSDES B 7 14RAFS ) PB4 68 AN ces, i

aremlsusieér@@hgntﬂwcdrap@ssa@e stress is not applied at the
| evel of each lattice but is distributed between two

adj JEEhEN BREPEABE [FYahedn Alsapariel CPRSERRE P}ﬁr@él\?re such that the
r\é’Ql'dGBI S ELMGE istap R atl Sdh AN RAIBE S8ed WRRI 4 |§|H1§’i*k’edly larger,

the lattice paraneter of the AIN of the overlying seed
thaljigr gr¢ates then é8¥pr essed by dlfferent coher ence

pl a 5 i {aﬁ‘?é ultghere woul d not be a sinple lattice
mat face between the internedi ate | ayer
3 ar#dlayhleofS@aNl d:aiygnOV\Aby ablﬁasa3rmtl¢|1ntmetnmserwnhmt cracking and the
c rence p es of latti araneters an
01 S UF s R Cieortipk rasentS ey O, af Bp B xRS micrometers, on

dighmaterd of uadR 6 ifehek alith ‘é%@b@@%‘]&fatl%s‘im&e GaN of less than 5.10°
m%errredl ate layer 3in GaNis 3.185 A while the

Grattice paraneter of the seed layer 4 in AINis 3.1 1

Q ﬁ@é@@?ﬁ%ﬂs?@ﬁ?er ace Bglfﬂcr S?Epé{t}gétrﬁeﬁgcfsoed?s%@agﬁﬁo@ W

1000rry$|I£donI sutdsitraés 1panAAIN bed:lwtmn tayer ok eteprosited at 900°C and
cg, e,[ﬁ a res &,@rlg stress of 2 A rem_ai ns tha_t i's

s ethiskpess nall the AIN lattices, which are
t hughéarah stegmddirteciapdrr 8ssremlGaw E:Bm@ﬂsttS% fﬁidmiﬂd?n is deposited
layer 3 in Al GaN, the coherence pI anes are such that

Ques artbiskaers ofsi00sws atRRP°Gs applied at each AIN _
lg?teat %EAIt aé&g%#ﬁéx% g;éPbét t}‘%ﬂsbl Lflriﬂl %hyef 82180 Aim is obtained.
This layer typically has a relaxation rate of 70% at ambient temperature.

A thick layer 5 of 5 micrometers of GaN is then deposited at 780°C, at a growth
rate of 1 um/h, without cracking.

According to a variation, the intermediate layer 3 of AlGaN may also present a
thickness of 500 nm with an aluminum content of 15%, while the AIN seed layer 4
presents a thickness of 150 nm to maintain a very good stress in seed layer 4.

The person skilled in the art may also carry out a temperature ramp during
deposition of the AIN seed layer 4 in order to reach 920°C following deposition of the
intermediate layer 3 of AIGaN at 800°C.

Application to the manufacturing of an electronic device

The invention may advantageously be applied to the manufacturing of electronic
or electroluminescent devices or devices operating at high frequencies or high power,

such as photovoltaic components, electroluminescent diodes, Schottky diodes,
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A layer of GaN can grow by at least 3 nmin thickness
W t hout cracking and the final structure after

walepodi2zikon presents a bow of approxi mately 6 PCT/EP2009/052881

m croneters, on dianeters of 4 and 6 inches, with a

| evel of dislocations in the GaN of less than 5.109 cm
2. These results are obtained by i nplenenting the

nmet hod descri bed below. On a silicon substrate 1, an
AI'N nucl eation layer 2 is deposited at 900C and over a
thickness of 40 nm Then an internedi ate | ayer 3 of

1oees ol 8
TR PBEEP SpRRRs M STHRN e NTeCER Syt o oy example o

reeffesior VXS Bawstanti | a Iayer of 180 nmis obt ai ned.

Th' hf‘}(?%rs%%gat?# ngehg,t ﬁah(,ekoe ﬁﬁgtt tr%%#tgélsnﬁ/g cgﬁ%/‘;fcgrﬁged from the

Iafler@lblf GaN hen teppsictued oat wiiBR & was epitgtieav-htHeaGaNobyer 5 being
1 mmh, wthout cracking. According to a variation,

@rqdnl@xéa,?@me,{ﬂ@yqr%éqr eXagiplanAle y al so present a
thi crResiatefaca0BeiteeM tBaRN 1R} MsNERYC ANGERT Ié%ferlé/‘?constltutes a

while the AIN seed [ayer 4 presents a thickness of

hetetopuneiipnwdiene theyeell hpsorlifasbiddes biand o& ags|thge thad of theeAlGaN
per I r

P I8 L 5 Aok o, B8 7R i o crannel (o
repyesented) in whibbra two- dmhlcﬁﬁaﬂ)g‘aé of élewtrorgs dﬂ}yasncuiatm of

th t d .
nop NG SRCa Frls NIRRT IS 1] b6 SINCEFEf dijsdevice, that s, the

H%Qé‘r*oﬁlﬁ]cTBﬁ befWESH ﬂh@ﬂnt@ﬂ%eé@‘t’@ﬁ&éﬂ@%é'tb{e Be@Rpkr8d to
the manufacturing of electroniC or el ectrolum nescent

devilbiss sgeonfeieterojuncheratqangtititeshiagRotaniguavedi deelprto confine the
t
R et Bl B 3 B OO e "h e | aser s,
opt ilrc &is é&aﬁc@ohmrdevidﬁlﬂﬁia fadERfattthp éntbrmeedlatef lhgert 3 is in AIGaN - and
r.an or for e rectifi.er
G & T B P E B Rirnash “Qfvbe sre et second

Hé’tér'a)ji!rﬁ:h@h td Be r¥dicedl bid tieugmeaitd fh%"@dtélrfﬁtldl @Mﬁémﬁ\/@éfféaN
- on"the structure _on which it was epitaxied -

GaNIn &y case 19éiangHEM e @ E?n%Stl@ér(h”P%tfatﬁ@y'érF'gsuref%)r the electronic
FXAPLRO Sorb Y at least one ohmic contact electrode 8a and one Schottky
contact electrode 8b, the ohmic contact electrode 8a preferably being deposited on
the barrier layer 6 while the Schottky contact electrode is deposited on a superficial
layer 9 formed on the barrier layer. The ohmic contact electrodes number two and are
named source and drain electrodes.

According to a first example of formation of such a transistor, an intermediate
layer 3 in AlGaN with an aluminum content of 20 %, and a seed layer 4 of 800 A
thickness with a relaxation rate of 65% are formed on an SiC substrate.

The GaN layer 5 is then deposited without formation of cracks over a thickness
of 1.5 micrometers in view of forming an HEMT transistor.

According to a variation, illustrated in Figure 4, the invention may be applied to a
field effect transistor wherein the materials of the structure present a different

composition from those of the structure described above.
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The interface between GaN | ayer 5 and Al GaN | ayer 6
constitutes a heterojunction where the GaN has a

wo enobitditen band of | ess than that of the Al GaNeCTRR2009/052881

upper part of the GaN | ayer 5, under the interface,
delinmts a channel (not represenged) in which a

t wo- di nensi onal gas of electrons may circulate. Now, a
second heterojunction exists in the structure of this
device, that is, the heterojunction between the
internediate |ayer 3 and the seed Iayer 4. This second

het oPJé%ﬁrﬁ IémI Psé Iid %e&IGaal\ngng%' 548! diuhird{fh Yarde® presents a

confine rons potent | creating a
tbiwpaess ®f\,@twf3f3edt8 aneh 2tzhinicredssct r oni ¢ devi ce, the fact

an &Rl LT 8 el it & e R4 RR B 5 AR o b Br example
iglthewindehtedsbetweeh IéyerSS sedod thahridraapgrud di lA@GaNp ahd the forbidden
reduced, and thus |imts the potential _ca

t@qdegl{ferqr}qet briwega dhgGaN qﬁg{manp;lp@y@; 4 dsm‘.?r AIGaN of the barrier
16yér B18haEES thd Thrinadbh &f 3)potéhtfal YRt 1ed h@téﬂ&\ﬁh@tﬁ)rﬁ'uﬁ(hhuch a two-

conprises at | east one ohm c contact el ectrode 8a and
dmensionat gasyofrlecteans rebecirewdale. 8b, the ohmic cont act

el eqhr 861;%;] rfna%ﬁfaeéaf rﬁ?gg&ﬁ n?g@ﬁﬁé%gﬁoﬂpC?rbhtlgsmrélﬁrtninum and

| ayer ectro
m‘eper_ststaetdlokne@s siuper 30 omal | ayer 9 forned on the

barrjer The ohm ¢ .cq ct .electr S nunbe

ond iien HE GBSO TRl 161 BP DA SBy B DocRTIES, HORGIO! example
BeyoRd 3098}, n%éliﬁ%& aiffiduRTtBRIONGBI Be RAHABgEndifyaTSthe tlliminum in the
an internmediate layer 3 in AlGaN with an al um num

layeit ent of 20 % and a seed | ayer 4 of 800 A thickness

Wit H’h@at%g ét?ﬁa&b%g'\igathgn %fdggﬁtsé‘b?ﬁﬁsly %r’f‘?‘?éﬁ ?g (?"ﬁ\% rﬂ%ﬁg tth|n layers of

substr | ayer deposi
dlomimaim oi’nridﬁ (wmiala ma)oamtala d lovc galégrs cm‘nténtﬁand thin layers of gallium

n.cro n ew of formn t or
ek PR T acariinea Joph 2Bt FanlehD; dri iR, peSlea thigkness and
droMentli érémerm/c&ﬂea@péﬂeeﬁbabﬁe@ Thiel tp&fdf efterndtingsorsst@tking of thin
wherein the materials of the structure Bresent a

laygrs eise khowBnfodhe | RerSeR otkitashde tbe BReb¥tthgchame “superalloy” or

“ ' above. For exanple, layer 5is in AlGN w th
g8§&{éé§;&gl um num and presents a thickness of between

1. 8 Alirchael®, itiisralas.addaotegenes tbayeke 72 darr@Nayert B i@ AllnN on a
prg\lnghgesc?escnbgg s\f\%cpure elnf%j ! |Pec|:tllg] énorlay%raém%et is in GaN, or on the
channel layer 7 formed previously on layer 5, if the latter contains aluminum.

In fact, the AlInN material presents a very large band gap. It thus promotes deep
wells at the heterojunction with the GaN and the layer 5 or, where appropriate, with
the channel layer 7.

Furthermore, this material presents a “spontaneous” piezoelectric field, much
larger than the AlGaN.

This spontaneous piezoelectric field, which depends on the nature of the
material, participates in the total piezoelectric field of the structure, with the
piezoelectric field “induced” by the stress in the barrier material.

Thus, as the spontaneous piezoelectric field of AllnN is large, it is not necessary

to constrain the material to increase the total piezoelectric field. It may be deposited in
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is then inserted between layer 5 and a barrier |ayer 6
in AlGN, and the forbidden band difference between

wo bmoGed4of channel |[ayer 7 and the Al GaN of tPET/EP2009/052881

barrier |layer 6 enables the formation of a potenti al
wel | at the heterojunction, in ich a twodi nensi onal
gas of electrons may circulate. The barrier |ayer 6
advant ageously conprises from20 to 70% al um num and
presents a thickness of 5 to 30 nm Wen the al um num
content in the barrier [ayer 6 beconmes high (for

tﬁée}[%%'x@d RLNLORY %gv@ ’théts RreefEs 44 Bftﬂeﬁ'ﬁert 6l ,Q@%N" Glress, on the

m)enelt theaumnumln ayer.
demsity of theagdef:trtm ges.tGrawthdv et @@@@g@tgtefaﬂomdhb;formatlon of crystal

Fohda R LU PRI Ese R PLTRAlRe | Eratl, fha Bbvents tne

foahdtiomofieskagéecurvdritch may contain a | ow al unmi num
content) until the desired thickness and gro'\i)ell Il

el eﬁé\ﬁ’ﬁge&oﬁﬁ'éﬁ'ﬂ@g%r af rQeRRERI HINY Qe CGaN danglt ihPr: where

é{fpréér‘?é?(e' B8 tRé GJN %hbﬁbf&rlﬁyet57k%%‘mest % ﬂﬁ? @@ﬁe‘h@iﬂwg on the indium
led in the art by the nane "superall oy"

C@Eﬁp’érlm a&llnNc éhis natesalnang b, laiticeirgatghed Vﬂtﬂw@aNaﬁebesample AllnN

M8 ] LQUSH -
S B B GG o B ik DBy SP e AT pR Wilen tp caNisin
oosnpresﬁaJNondaym irhAl@dm,nutselattlcmymrameterrieeeldmnedv iconsaquently, it is

AR AT PHERHRE G PRl Yo PaRRvBaieagiss Tienin.

thU%rﬁEm&énﬂﬂ%‘)re&ﬁ!esslnaihaft hige ORI RS RBY Véatsﬂ‘y be prepared
the GaN and the Tayer 5 or, where appropriate,” wit

wikea @Fﬁih'ﬁéﬂ Cpfa'ywlae Hopmgr 1 hgrrrmie@al may ﬁwqmbe;ueeq to reserve electrons
LREN:SeThe BRASLARSAY fuo BIREAGLES iddhid, much

&roth I'S Spontaneous Sz0el ectric
fi eIPcdefevﬂnyc,m fleldesfidst wansibter Mt be enavfufadieredetamiaabarrier 6 of AlinN

BB AR e TRk SF b ridh Shobior

t he 15§ raﬁﬁ)spcbd%ltﬂ@@o Ri & earrER i BYer & in B copribitg for example 15 to
spont aneous pi ezoelectric fiel'd of AlInNis |arge

30 eromeg 8dayer in GaN or, where appropriate, on the channel Iayer 7 in GaN.
The advantage of this material is that the lattice parameter of the BN is less than that
of the AIN and the GaN so that the material of the barrier layer 6 is further
compressed.

Consequently, as the stress in the barrier layer is larger, the induced
piezoelectric field is also larger and the electron gas is denser.

The thickness of the barrier layer 6 may then be thinned while allowing an
induced piezoelectric field that is identical to that procured by AlGaN on GaN with a
standard thickness. The distance between the surface of the structure and the
electron channel is lower and the electron gas control is improved.

Another alternative consists of depositing a channel layer 7 in ScN on layer 5 of
AlGa1xN. This binary material is formed more easily than the ternary materials, which
allows very good crystalline quality and homogeneous material to be obtained. Its

lattice parameter is very close to that of GaN (a lattice mismatch of less than 0.1%),



to constrain the material to increase the tota

pi ezoelectric field. It nay be deposited inthe rel axed
waeavaiamd have the sane effect as a barrier 6PCTIERI0@GAN$2881

stress, on the density of the electron gas. Gowth in

the rel axed state allows the forpgation of crystal

defects to be limted, pronotes a quality crystalline

interface and prevents the formation of | eakage

current. Anot her advantage of depositing AlInN on the

GaN layer 5 or, where appropriate, on the GaN channe

i r t hingld

Bttt £33 ek SRRSO AR g onabes o

gdwimvﬁnmnEmmeéaanple Al I nN conprising 18% i ndi um has

the ti.c ar. r of rel 1 '

n° Th €SP mhe PR 1 e NGB R S and 7 are
mlaa@nﬁteeduffwom eel gleatbnts BkeitEand she fidld i|§h@asgerhébus Thls effect is
reduce the indiumcontent of . the AlInN.to conserve

fuglbern IFWrave et haPacah By RN 2BN2Rt AFEeTabds nesried b?Pﬂéﬁe” the channel
Ié}r/k?r 7hhdtheTBaBES 6] fofBXaBBR! ihyYaiRe prepared with a high
level of n type doping. The material may then be used .
to Vékest the lehecsd conginmaumisieabe S rrwéersaltqf layfer t/hig constrained,
a I
Be%vé%g %f?fién gﬂ@# §£r%%§tgpd%n§ennu W;hﬁc,{he@ erag%s éh% rTqOblht}/ of the two-
cﬁmﬁsnéhhh@dascei&phrmm ng fromb5 to 25%| nd| um This |ayer

Tof 108 0 e of s meerial e YomaNd RoanBrisipRle for fields

gj'e'ie?é’te@%‘l@ﬁ@G@N /OBECNt ah@YRIN/RIGAN Fﬁ@é\'félfes wher e
appropriate, on the channel layer 7 in GaN. The

advdhedbiekosss of thisrahaanehl may befiom 5iéo 169 nmcand the material of the

f d
PREEE etk o R & e el Rt TP S b PR oy exampe,
AlGaN)BGadapdddlsdd. Consequently, as the stress in the
barrier layer is larger, the induced piezoelectric
field is also larger and the el ectron gas is denser.
The thickness of the barrier |layer 6 may then be
thi nned while allow ng an induced piezoelectric field
that is identical to that procured by Al GaN on GaN
with a standard thickness. The di stance between the
surface of the structure and the el ectron channel is
| oner and the electron gas control is inproved.
Anot her alternative consists of depositing a channe
layer 7 in ScN on |ayer 5 of
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Al cGa-1-cN. This binary material is formed nore easily
than the ternary materials, which allows very good

wa@eoostigd2hd ne qual ity and honbgeneous naterial POI/BR2009/052881

obtained. Its lattice paranmeter is very close to that

of GaN (a lattice msmatch of lggs than 0.1 9 ,its

growmh on alayer 5in GNIlimts the formation of

crystal defects and enabl es a good crystalline

interface. This interface is all the nore inproved as

the materials of layers 5 and 7 are binary, the

diffusion of elements is limigdmed the field is

honogeneous. This effect is further inproved if a

spacler Aayethddnfai mandfegtutingea i ciack dreensenpenystadingetayer (5) of a

PR SR SoriR¥ibe ordioRt ey i Kb B ERSAE (1) iy to
dericeateabnsie dtasgserin the layepsaidraeihed cobgridirgetheffolldving steps:
lattice paranmeter difference, which increases the

mobid)i t PEdPrAken RRdNerEHRPEREI(1 &5 adueteafighayerke) band

gap fBf {Hal RriBSH, IR the Hudled@Yn IATRKI(DP of & rﬁé‘rﬁéd'{félbmﬁé Yntermediate
suitable for fields generated at” the GaN / ScN and
ScN Al Giaverfid)er f aces. The thickness of this channel 7

may ke fr . . . [ .

ba?/r | er{hgq’lgtrﬁ%lﬁ]ogms éoﬁqu Wg)t%ﬁgleé]lgge Is'gglérf(g%f‘ég aohokggrystalllne seed layer
heteroj hction. This material is, for exanple, Al GaN,

BGaN and Al I nN, CLAI 1. A nethod, for nuf act urin

cr 2k eclorBRbcTy B0 dne 556 BYB s )0 dheamneryaeliedfver (5) of
a CcompodNNNGHitrigkxGa-i-xN, where 0 x 0.3, on a

substrate (1) likely to generate tensile stress in the
| ayeharagtedizegimib@tconpri sing the foll owi ng steps: a)

the (FORIRLIY 0 I SHSTARL B s Bl gl AR WS SR R

n
| ayer of mat’i on, he “nucl eati on“Tayer

(2) thefmatefanec s sabdilager @t as nadirnmr doryssurdB)n which the boron
the formation, on the internediate |ayer (3), of a

monSOPIREL & Petwecadeand 3% (4) d) the formation, on
the Aﬁ%%tlé%gﬁ&eéﬁ Yhe %cl%ié%sr@r}ﬂ@@é%gqi%lkér?(%&lta%etﬁe(tﬁ?ckness of the

of nrtride, racterize
intermediate layer (3) is between 0.05 and 1;
— the temperature of formation of the seed layer (4) is 50 to 150°C higher than the

temperature of forming said crack-free monocrystalline layer (5) of AlkGaq«xN.

2. The method according to claim 1, characterized in that the thickness of the
crack-free monocrystalline layer (5) of AlkGaxN nitride is between 800 nm and 7

micrometers.

3. The method according to one of claims 1 or 2, characterized in that the

thickness of the intermediate layer (3) is equal to or greater than 250 nm.

4. The method according to one of claims 1 to 3, characterized in that the
intermediate layer (3) presents an aluminum content of between 1 and 35%,

preferably between 6% and 30%.
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- the material of the internediate layer (3) is
alum numand galliumnitride; - the material of the

waeemwd/1isgayer (4) is an Al BN conpound in which tPer/Bproo%052881

content is between O and 10% - the ratio between the
t hi ckness of the seed layer (4) ;gnd the thickness of
the internediate layer (3) is between 0.05 and 1; -
the tenperature of formation of the seed |ayer (4) is
50 to 150C hi gher than the tenperature of formng said
crack-free nonocrystalline |ayer (5) of A xGa-i-xN 2.

The gret Jﬂﬁ@l rrﬂ-ftﬁ(gcﬁ g{:ﬁgd ? ing t6lcR F'Bf%lalrﬁgqrtﬁq %ﬁ?ﬁedz;%dt if@at the ratio

t he thi ckness ack ree nonocrysta
leBveen the xidiskinessNohitter beled ilayeethvand lﬁeothmknaml of the lntermedlate

t od according to one of clains
l%lle({r gg‘z c%@?%% gg%ﬁéjn that the thickness of the
internediate |ayer (3) is equal to or greater than 250
nm 4. The nethod according to one of clains 1

to
charfact £h¢ 78ethpd 3a¢aEding &0 janeepineldins d %?ePh%@Fte”Zed in that the
tBhperitlfe 8MfoRmiHY MR &NEFELE (O bydRbiRERr beaRd 80 C high
gﬁ@%erably bet wen 6% and93 8?5 behe rretrhod acezéo IS oner
than titfetempefatatrer@fmrmmgﬁtthemmkatfe@mom@rMStalltneamltrtdeéayer( ).

rati o between the thickness of the seed | ayer (4) and

the thickness of the internediate |ayer (3) is between

0. 2 7andAGstRizture. corhprising feo draak dosed mugotry statimeofayer byref a nitride
1t char act er d in that the tenperat re of
Wt o sormsaRagAkEperN IO, O bcy A sibstzaty (1) likely to
denePRe iRyt ﬂéﬂ@llé B@eése @H@J@Fd&tﬁ‘e%UcééHsmélBgcélﬂSnsmg
crack-free m)nocryst alline nitride |ayer .

st peidisubsdetp(i)si ng a crack-free nonocr yst aI I | ne

| ayer of .a nitride vvlththe conposi tion

Al x&ms %&tl'onvtﬂ%?re&g and a substrate ( 1)
likey mOh@crggtraﬁmétuﬁtermetnate I|a9¥|9(f3 tensile stress, said
structure successively cgzgr|5|ng - said substrate (

1)~ ;@ mopogrysladiaeisesd|layes - a nonocrystal line

| 0 P HloRb ke 167 (57 ofnlFRBOCT yStal 11 e seed T ayer

said structure being characterized in that:

— the seed layer (4) is an AIBN compound, in which the boron content is between
0 and 10%;

— the seed layer (4) presents a relaxation rate, at ambient temperature, of less
than 80%.

8. The structure according to claim 7, characterized in that the thickness of
the crack-free monocrystalline layer (5) of AlkGa1«xN nitride is between 800 nm and 7

micrometers.

9. The structure according to one of claims 7 or 8, characterized in that the
intermediate layer (3) is in aluminum and gallium nitride and presents an aluminum

content of between 1 and 35%, preferably between 6 and 30%.
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- said nonocrystalline layer (5) of nitride, said
structure being characterized in that: - the seed

wo 200en124d i s an Al BN conmpound, in which the bBCDREP2009/052881

content is between OCand 10% - the seed |ayer (4)

presents a relaxation rate, at agbient tenperature, of

| ess than 80% 8. The structure according to claim7,
characterized in that the thickness of the crack-free
nonocrystalline |ayer (5) of AlxGa-i-xNnitride is

between 800 nmand 7 mcroneters. 9. The structure

aCCOIfod' e suBilfe %fcc&'dl?r\ggﬁy anrof%lauﬁm"s‘,af ?&be%héfa%tédr&ed in that the
that the internediate in alum num an

rgtib betweeari theitdickaess @irtbs saed Iaa/rer & ancnihen tbickness ofdhe intermediate

s G P RE Ao TSeR sl BvER o 0355 ™

characterized in that the rati o between the thickness

of the seed | a 24%' and the thickness of the

i nt ey’ rreEh%tSHUP%%@ eafingstopneebRlain® tantP, gharacterized in that the
tRIcRhEELBE thebBicHRRRIte %y%F%)QS%uaMo orT&%a%rrtHﬁﬁ l@5@ nm and in that

according to one of clains 0, characterized in

the dhicknesstdiitek aeed layer (4)ds bﬂw\@e@é’eﬂ an@2bayer. (3) is

equal to or greater than 250 nmand in that the

t hi ckness of the seed layer (4) is between 30 and 250

nm 122. Tﬁaetmtuum:taucardmgcmrmmgf tlainns & tof1‘p|cmiarm:t§rizemj in that the

har ed . in that the rel axati
Hhisplioy St ebtgpetwedi e b Elvenyh i Befteracap ana 75%.
50 and 75% 13. The structure according to one of
clains 7 to 12, characterized in that the crack-free
nmondér y Shastruplire ageerdrm) tooenept eliaites ¢deptd, sharaterzeshin that the

)

é?gclf"i’rgg]er@mc?y@alh lA;@r §)agl§jn|§rcf &Srﬂg §ﬁ(§%e/'? \Sﬂ?gﬁmlnum and in
t@aﬂ\taw tstvrudut&smﬁo&eswelgfco&ﬁrrseﬂ;pcﬁh said Ialymt bar rier
| ayer (6) mat er

n from ano N, All
B Rhane ey ixahy ﬁb%m'em?@stogga 3 Birra 3ndre
7 ta 124 E%]@Elagé HEEAEL rﬁﬁﬁrtlalséﬁdjseﬁtfrb‘rﬁt YhBng AlGaN, AlInN and

successi ve rises, on the crack-free
nmonocr yBGaEN.i ne | ayer (5) of

14. The structure according to one of claims 7 to 12, characterized in that said
structure successively comprises, on the crack-free monocrystalline layer (5) of
nitride:

- a channel layer (7) of ScN

- a barrier layer (6) in a material chosen from among AlGaN, AllInN and
BGaN.

15. The structure according to one of claims 7 to 12, characterized in that the
crack-free monocrystalline layer (5) is in gallium nitride and in that said structure
comprises, on said layer (5), a barrier layer (6) in a material chosen from among
AlGaN, AllnN and BGaN.



nitride: a channel layer (7) of ScN a barrier |ayer
(6) in a material chosen fromanong Al GaN, AllnN and
w@sabl11s%4 The structure according to one of cPEi/EB2069/052881

to 12, characterized in that the crack-free

nmonocrystalline layer (5) is ingalliumnitride and in

that said structure conprises, on said |layer (5), a

barrier layer (6) in a material chosen from anong

Al GaN, AllnN and B&aN. 16. A device such as a

phot ovol tai c conponent, an el ectrol um nescent di ode, a

SChoIt6t kﬁ dEhRLEsych d@éﬁﬁotﬁ%lt&ﬁ%b bndft %ﬁtéi’éctrdﬂﬁmﬁ%scent diode, a

aracteri ze Vi ce conprises

S@hahhky@@d@ca:dﬁa&r,n@n tootloaiedeieaor adman MEMslzhamuermed in that the
ield effect or, characterized.in-th t he

Qs Goeriedsohp ARDEDS recdBPRaB e NS G R one of

clains 7 to 15.

17. A field effect transistor, characterized in that the transistor comprises the
structure according to one of claims 7 to 15.



