ELECTRONI C DEVI CE W TH | MPROVED OHM C CONTACT FI ELD COF
THE | NVENTI ON The present invention relates to an

webestiec@oi c devi ce conprising at | east one suppor/[Bzoos/oomss
| ayer, a channel Iayer to contain an el ectron gas,

bar el e TrBRIc BEVRE MITHIMROVED Bifil¢ eAonTRET by

a super posi |on IC layers whi ch
is in contact MAth the barrier layer. BACKGROUND OF
THE | NVENTI ON El ectroni ¢ devi ces conprising at |east
one channel |ayer where an electron gas is able to

Fllf:'1_BVbF A@'il?VENT' JOKer. and at |east one ohm c contact

ectro I nd numer ous applications. Anong these
Th&emasest iiesitidnefelates torameiextioni dévicbecddhpiisifdy exttleast one

supporty @i & BB 1o Soriglmapr Sk TR Beler BHeagnd an
ohmic c%lnf—‘efdt PR deCRIrmed by §[|ﬁ§rpo§ﬁ‘i%|nec§rrﬁélré|l)c l?{/‘é’rs%e first of which

Schottky contact el ectrode

is in contaet with éhe barrsrilagas. one ohm c contact el ectrode and
one Schottky contact el ectrode. Structures whose base
is formed by group IlI/N materials are widely used in

BACKGROUND OF THESNVENRONUNt of their large bandgap.
The general structure of these devices will be

Eleptenie pevicas omuisingatieasbone gheane! laet wheep aasaieateon gas

s atlo 3, RIS Yfef IR ol TR0, o 506 e e

numeroparappqéatﬁd.wre 1 only. Such a device conprises a
port layer 1 at its base, the role of which

Am@"'geéaemu Viges, ofiglel ogffert traesipiags oot %%fH'gheEl%aPBeMOb'“ty
|
Transisff AEMPP e, CRYElb S IBRIAK @ TRAEL A ERET Bresents

two ohm'&yemntiac’aeﬂaomﬂmaleee(lcallezd/émLBce'Thnel "lwhihey aha)eeBchttky contact
nts, a good crystallographic quality and suit
electrod, GalFY T 99t brVaGHRIR I 105t BORpTEe ORE GG CaMiper ectiode
and oné"@bﬁ@ttl@ﬂ!@r’itab elebfrodderefore ensures the
crystallographic transition between support |ayer 1

Stranwrehamlrn@ske bageris Formee hyupfap lHMNematenalbeareeniselessed in
the volta edewcels mai ntai ned. I n the

;
these aeﬁéc@t'é’m a°% ragﬁgﬁ“%t?% tﬁelf [FE98 beNdP3Payer is el ectrically

Thengaterhi Steuctaie of theas deRideBININR deythibBe R réferdrie to figure
el'ectrons in channel |ayer 3 reducing injection of

1 whichgeareseniapniaxesnple of Bedbpdoet knawn tipe. dadsedescription can apply
to a recf:@% Jris‘?cfer r@@\gqéft-h@‘\gr a?rt bFflgﬂ}rgelnoﬁlypa” I cular

Such a device comprises a support layer 1 at its base, the role of which layer is
essentially to provide the rigidity of the device. This support layer 1 is covered by a
channel layer 3. |

Optionally, a buffer layer 2 is placed between support layer 1 and channel layer
3. This buffer layer 2 presents a good crystallographic quality and suitable properties
for growth by epitaxy of the other layers which cover it. It therefore ensures the
crystallographic transition between support layer 1 and channel layer 3. The buffer
layer further ensures that the voltage of the device is maintained. In the case of a
transistor, the buffer layer is electrically insulating, as it has to improve confinement

of the electrons in channel layer 3 reducing injection of charge carriers to the
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It |§%Ré|%‘#§rre sought to optimize the contact between the metallic ohmic contact

electrode and the semi-conducting material of the device, called ohmic contact, to
obtain a reduced contact resistance, preferably lower than 1 Q.mm. This contact
resistance is the resistance of the material to the electric current flow and is
measured using the Transmission Line Method (TLM). This method is described in
detail in chapter lll ("Contact resistance Schottky barrier and electromigration”) in the
book "Semi-conductor material device characterization” by Dieter K. Schroder
published by Wiley Publications.

To optimize the ohmic contacts, several methods are already known from the
state of the art.
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Finally, increasing the aiumihium content from 20 to 30% in the AlGaN barrier
layer considerably improves the conductivity of the layer, but the AlGaN alloy can
thereby lose its homogeneity and become unstable. The strain stored in the AiGaN
layer is in fact the greater the higher the aluminium content, and relaxation of this
strain is moreover frequently observed by premature aging of the devices. Moreover,
too high an aluminium content in the barrier layer results in an increase of gate

leakage currents.
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According to other features of the invention:
- the channel layer is on a buffer layer;
- the device further comprises a superficial layer on the barrier layer,
- the device further comprises at least one Schottky contact electrode;
- the contact region is situated exclusively under the ohmic contact electrode;
- the contact region extends throughout the whole thickness of the barrier layer and

in the channel layer;
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- the contact region is situated exclusively under the ohmic contact electrode;

- the contact region extendé throughout the whole thickness of the barrier layer and
in the channel layer;

- the contact region comprises aluminium, titanium, molybdenum, tungsten,
ruthenium and /or tantalum;

- the contact region further comprises silicon;

- the contact region presents a metal content or a metal and silicon content
comprised between 10'° and 10" atoms.cm™: |

- the barrier layer comprises at least one group Iil material and nitrogen;

- the channel layer comprises at least one group il material and nitrogen;

- the barrier layer is thinner under the ohmic contact electrode than in the rest of the

device.
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- the barrier layer is thinner under the ohmic contact electrode than in the rest of the
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Furthermore, another object of the invention concerns a fabrication method of
an electronic device comprising the following steps:

a) formation of a structure comprising a support layer, a channel layer to
contain an electron gés, and a barrier layer,

b) formation of at least one ohmic contacf electrode by deposition of a
superposition of metallic layers a first layer of which is in contact with the barrier
layer,
said method being characterized in that between stebs a) ‘and b), a step a’) is
performed of creating a contact region in the barrier layer, under the ohmic contact
electrode, comprising a metai selected from the metals forming part of said

superposition of metallic layers,
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- a prétaétivednayarnisalioied dr thé efirtdre BetWESN dtépd ) and a’), and
addition inplanted; - the nmetal content or the netal

annealiggdiss perfesnedoat én ttemﬁpr%tnfezed:qmprﬁe@ip begtyeer &¥fhmandsd@50°C

and 102 atons.cm 3; - the annealing
betweeFes:t]%ra é?’é%f step b is conprised between 650 and

- the ar&%ﬂﬁ@tempbeﬁtwm &épm jas JowadthahelbC. annealing is
orned at a teggerature conpri sed between 700 and

- in Stegdbbénﬂﬁa'ﬁ‘gxlﬂét%ﬁ UENER &S perfarra%taé& fenaperjwe grabling total
alloylngf S’F t'ﬁ%%@fb@ ﬂ?m‘ﬁﬁ? lé%‘d"él?pé?’ﬁb%@ﬂ o?'h‘?é’élh@)la)?é}g afhd) d of AB%ontact

nnealing 1s or med ‘at atenperature conp
region. betvveen 800 and 1050 C between steps a') and b)

DESCRIPTION OF THE FIGURES
The invention will be better understood and other details will become apparent
from reading the description which follows and from the figures which accompany it:
- Figure 1 represents a HEMT of known type.
- Figure 2 represents the structure of a HEMT according to the invention.
- Figures 3a to 3c represent the fabrication steps of a HEMT according to the
invention according to a first embodiment.
- Figures 4a to 4c represent the fabrication steps of a HEMT according to the
invention according to a second embodiment.
- Figure 5 represents an alternative embodiment of a HEMT according to the

invention.



- the annealing tenperature of step b') is |ower than
7500C. - in step b') annealing of the structure is

w@eooBaeeved at a tenperature enabling total allpgi/mpeoed0007ss
the netals form ng said superposition of netallic

DEFAEED BESCRIPTION OF PAE INEINAONESCR PTI ON OF THE

e invention w tter understood and
Thetflgares exrebentn IpartimdameEmbpgiaten tof tho mveatdn nglatihg to a field

descri ptj ich follows and fromthe_ fiqgures which
effect tREaaRaRY TEMT- Upegdis 1e (Bpeuetion el RSO RbRIRRD @ more
generall ¥ifner ol QH' BledtrbBRY %W&Eescé_arhglrigibpggf ?Lliéfsttgfvgg SEME contact

according to the invention.
electrodes sueb st a traetiffealior eaainpte. StaegbisasurposiEMhedelidvatichpartt of the

. 1e.inyention .accar di . first .emodi nent. | - ,

figures WIF neYE bl BBl B ighthdnd RSP, FE&ig, ehavc gontact

electroddd/berCatieito Hel deddiBetiMy il masss ding to a second
enbodi ment. - Figure 5 represents an alternative

Wighretaremes teffigureedma sdeviraliaggotding e the invention successively
LY i.Qn T I THE :
comprafBA AT 8, P20 B T LN er 2, o
channel yent3 avharel at igigetten yaki il ablef foecirclilat)sa Wavrieotayer 4, an
. HEMI type, but_the description that foll ows géapl ies in
optional SuRRTECIE el 7 nainigast pBe APMBICeRqN B elegkipdes and a Schottky
contact SMBdSi 19 at | east one ohmic contact el ectrode, such
as a rectifier for exanple. For this purpose, the
Supebtt-lbged1 pambadd fiohe af mgteriad whith niey desemibedddcting or not,

etail, the rjight-han art with a second ohm c
such asgfeﬁ?é%?’r% gbté*'gd?%‘ﬁdggcﬁg AlNie to be described in
O . fi ’ v
B acggér‘%rng to thzﬂz%egﬁﬁ’e%ﬁﬁrgg%ﬁ ?/lgél(t)%ﬁ}%%par'?ges I?EPnIH/N

elemenis; sublage fonekamplaubhice a support |ayer 1, an optional
buf f | ayer 2. .a.channel. | ayer wher n_electron
orgtinef evahds rad phira e i bEred alURL fuf Ty Ster WAith can be
a binanPRéinARAbr §URRIhAG Aloy! QY ad GaNBGERSAIGA] Bhificther.
contact electrode 5 and a Schottky contact el ectrode
Bagrierdaypb At compgiess @ matariad éorneshbi anhitnary alieridycl agiernary

aloy of GiAF TNALERenEC Zhe dPioe, SEIR, FRuc Rl BERTH By 1agbf an of
the chahaenh&yer 6 figeainesdday aglthehahngr Rypr iInateNakbkvest sresents a
smaller%%(r:\r&ggps) ttfw% tt?axt%rfr%!\g bg?'r{\'ér layer material.

Superficial layer 7 is made of GaN.

Ohmic contact electrode 5 is formed by a superposition of metallic layers, for
example of Ti/ Al / Ti/ Au or Ti / Al / Ni / Au type, but molybdenum (Mo), tungsten
(W), ruthenium (Ru), and tantalum (Ta) can also be used. According to an alternative
embodiment, the ohmic contact electrode is formed by alloying of said metals.

To ensure a good ohmic contact, the first layer of ohmic contact electrode 5 is
in contact with barrier layer 4, whereas Schottky contact electrode is in contact with
superficial layer 7.

According to a first embodiment, barrier layer 4 comprises a region called
contact region 10, under ohmic contact electrode 5. This contact region 10 extends
throughout the whole thickness of barrier layer 4 and also in the channel layer.

Contact region 10 is situated exclusively under the ohmic contact electrode, i.e. it is

8



Channel layer 3 is made froma gallium based group
I1I/N material which can be a binary, ternary or
WO9as/830pd y al | oy, such as GaN, BGN, Al GaN orPriiBRe8[000788
Barrier layer 4 conprises a naterial formed by a
boundedér g, harigontat plage by titeep rojestioal ih@vaﬁicgkdicqptibhl gfhe perimeter
nts. .The .chai of the ter.ials. of
of the K38 TRt of S GopTaRh AL SRy (et etiz8nil BfpRpels) according
to thd 'ﬁg%é%%ﬁ@'mé@ﬁ&dﬂ@l £ kiRd saluey Df RIRE RNde, %améh%él direction
andgap than that of the barrier | ayer mat eri al
belngsu@@nemwwr toatp@rsurfacg ofetbe dﬂVI@NSacdmmtaﬁbrﬂga@m 10 comprises

the fiafFEpL 7P IsthCRAYeH, P PPl S el FFhG, fort of the
supeﬂNoséd/PﬁeﬁaW@ela Ol conutiy the 6MRlic cbhiags ekittiode. The content of
rut heni um and tantal um (Ta) can al so,,be used.

said metad igadan @g%mlséy cRMPEERY bebueryt i ferand 10e ajamsem”.
fg@?éﬁﬂ%tr %Oﬁfét 88ads \Afltﬂ d&ﬁﬂ cbé(or%!:fééfe@ﬂo?% 55,’aéll%¥ ng called local

ensure a act

alloyih@yta e&fsts)fhfﬂdingafdrﬁaét fdgioit r@end the ffirstclapéaof GMrhib contact
, Whereas Schottky contact electrod

b I
electrpgé.rﬁlﬁrgz @ﬁ?é@t Wiiht thesharier layel) ﬁ\"ay@e 2 s ataiedi @thh@omterface
betweger{ 'tﬁec‘tba‘?ﬂ%’ ‘i%)@?nénd IcCEohBYETel &é‘cthHQ”S' 308 R FSHRN by the

"'ed o under m c cont act
matedlest thedfirsd [ayBri csf thenekectrodegiobihd bagriee feyer trhatenighand of the
the whol e thickness of barrier |ayer 4 and also in the
me'falchannel | ayer. Contact reg| on 10 is situated
| {r "
PAESHRIR Sl Sead By A il BAKITSERS In aldyed s
the m&alﬂlcdayerdlcroevstltubimgoohmmecple‘uactretwtrode b rere fnatsalldyagewith one

ohm c contact. el ectrode, 5 ai h ontal I
anothgél h%caléaél%'lnal ?{gth?o nfq{gaqq P’\g%e ﬁ}?P p%{r |eflglfec{r8de and .
the ddifer af EnEJ‘Qthﬂd%taé@@f Y)%\Fldlﬁ?' cohta@etadtesion, which:
ei ng erpe |cu ar to the surface of devi ce)

contnBates t@dﬁdacmgrtbglmem resigfanceesMoneovest érhaél bQﬁn pheerved that
i n, which-

o ok LSl S ot 58 g BoBER e LSRR gl of e

dewcéOng@ﬁanei'ne&tvé%ﬁﬁlghTﬁ%aﬁOﬂ’mngetWEeﬁ FalureefMi BF 5 of some several
advant ageously ‘conpri sed between 1019 and 102 1 at ons.

millior fmo8rs dlbepsyatien. at the interface with ohm ¢ contact

Brin g Bt aleRAyP SR bt BrBasBhlaY |l £ oTh, contact

electr‘égei@-ilst formeat hpedesifglenalRyii@ehich ¢dmphsedall rof éhe Iragtailic layers
loying 12 is situated at the interface between the

and atb%ﬂr theernterég@e bghweasihie obprie sontagt aleqimse 8ndrigeicontact region
t | of e w

10, THRLARHARL S B RLAGER o€ el ol LB gEipd oo tvers o

the el&etradie are alloyed It should be noted that total alloying only comprises the top

part of contact region 10, the bottom part of contact region 10 being formed by the |

material of the layer in which it extends and by a metal forming part of the alloying

formihg the ohmic contact electrode.

An intermediate structure enabling an électronic device according to the

invention to be obtained will now be described.
With reference to figure 3c, said intermediate structure successively comprises

from its base to its surface a support layer 1, a buffer layer 2,'a channel layer 3 to



The ohmic contact fornmed by this local alloying is
gualified as "non alloyed" as the netallic |ayers

wa@ooustizdont i ng ohm ¢ contact el ectrode 5 are noPCEIB20§32@0788
with one another. Local alloying at the interface

contan ) MRERHod 4 hulehiBr, 4B S54SR S ose 5

contactcwith agtid dstireiei dayerwhi ahsssHiciabldyes T tarfdedugét@geld&&ode 8 in
access resjstances. Mreover, it has been observed
contactivity spsieiahiayeyéd ohmic contact of this type

BdrR&r Q??&S 4 h@or‘héhéé"?' 4i Lé/ i@lﬁ‘dc%l!éoet%ﬁa&f rb8ionday Gtending
resulting ina very hig an tine between Yailure
throughoMTBRS tbfcksese cfebamrial layéd 4oanddnrchavinebpayart Bownder ohmic
A?c rcgj ng to an alternative enbodi nent represented in
contactq %‘&F &Y. ohmic contact -electrode 5-is formed

Ccm{aét'r%tbw €0 lohiprisRe-tWBirhBreFiaBY trefiyat In Rhich it extends and a
thejnefallic lIayers and also the intérface between the

metal fedmi whighnohenic etedactogtechiodet heisc oradect Prafgiably s@id metal is

. .This alloying is, then qualified as "tqgtal.alloying" s
atuminigg) S flenfin: Faé Hendfiy of WL PR sciecifurorm: icis
distribuld ®¥adne lthickhesd 6f the RiiedalSedith &f @hugdibprdfe @thya higher

conprises the top part of contact region 10, the

metal cpatent At lﬁmtopo?rurtamt%fdaafrfi@giagmr 40 being for msg by the
WTBE 854 %, 0, AR A, B B, b

layer 4 othirardr ueldes bhate coMtact sleetroddisathandh this restof enalbbvicg.
an el ectronic device according to the invention to be | .
ACSBIHNAE® i PRSHRTHRMALSERE He FONPFhradieer Ehdertpey comprises
silicon. figure 3c, said internediate structure successively
conprises fromits base to its surface a support |ayer
a buffer layer 2, a channel |ayer 3 tocontain an

1,
A BRI afaBor ol e DL 4R gt o
be desétibeq@ superficial layer 7 and a gate electrode 8 in

contact with superficial layer 7. Barrier |layer 4
A disstpstepesompriegs darrsatiore f cunhintetmedigieostrugtusgt @nthendype as

t hr oughout i he fhickness, gf barrier layer 4 and in
represem%tﬁﬁgﬁgtllrg °r°f3,°8§%%r eé’h%?%\}%c‘ont act el ectrode 5.
DifferdmC nete&dP Nofl fopedtin S tHehantdinedizae sfruéthes | aefirst be
in which it extends and a netal from which ohmc

in
describgdnn detaikl ectrode 5 is made. Preferably said netal is

g . . A e the ’

oGl BIRH D JAFE I SR e L e g T
producédidyt ditedtnidgse ahotvhetobihier patoh ayéledwint thearéighesslichnas MBE or

rofile with_a higher netal conterl:t) at the tog surface

MOCV[Sffonggqr@,le.|w§rstr cture can optionally be covered by an encapsulation
layer 14. | - |

According to a first embodiment, a mask is deposited on the surface of this
structure so as to only leave the location of the ohmic contact electrode free, then
implantation of a metal is performed in the barrier layer, through superficial layer 7,
this metal forming part of the superposition of metallic layers constituting ohmic
contact electrode 5.

The person skilled in the trade adjusts the implantation dose and energy
parameters according to the nature of the materials and of the mask used so that the

implanted metal content is highest on the top surface of the barrier layer. However,
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According to an alternative enbodi nent, with reference

to figure 4c, barrier layer 4 is thinner under ohmc
wa@oosaeiovel ectrode 5 than in the rest of the deeT/tE2008/000788

According to a particul ar enbodi nent, contact region

.10 f h ' AN : fabri ' \
th trickfeb 4 D3R TRTRE T 55 ShbbEAF act oh B uet ST pbr meta
will alsd‘@é{ir‘ﬁ?leﬁ'ﬂé@!ﬂ Seshnehldyer 8t step conprises formation of

an intermedi ate structure of the t¥6)e as represented

As pan ihgupeersé Gaudc3bled aonka rapione’l besfibre MeeaReioRpgy under
onmic Qi FRekGle o, ey BUREERLE (FELUERUE Rehhbid idngos of

referen ure
barrier Byeundtandeon atzass aipgr afteshitkn@ss oScharthattaler 3. s

d db hni k h ki | [
O 8, P R o S b LA 1 e
materiaztir‘i WHidH thef ﬂ{ét@%éé’rﬂﬂbla\‘mt&? ﬁﬁﬁl‘énpéﬁo?‘wnstep must therefore be

ncapsul ation layer 14. According to a firs
followednhyo dinrealing @nablihg irsogapisitivedofothet ratsualf and diffusion of the

. strucfure,so,as.to only |eave the | qgcation of the .
implan{G etalih itk pagies SR baks Sureq BNl dRtaleshingetgl further
on. nmetal is performed in the barrier layer, through
superficial layer 7 , this netal formng part of the
Inauprgqnssembodinagntnwithirefasencs ta Bgweaka and thgsepeffiial layer 7

. 5..T ' ' .
and o SR BF b HiF % e TR A S tbibd Toldet EFdFe onmic
contact2gleetrétiagirmplahbtionadblinemetal taxd frefréby dlespeiernadd tasedescribed

mask used so that the inplanted netal content

above, yghwih smaler Kosesend araker aneEdbar he e%m@'égfefhi?ckness of the
barrier at!r%)eg?\s@g%? t'h‘? ﬁac{t NGhRes &f&ﬁ?roénérﬁﬁ it{) yé&[s%ooéncﬁ Q%qﬁﬁré’r‘%w&ntact

hat"a smal T qua net a al so
to be obminepithteesmatieciarensted iragtel d8se.As can be seen in

figure 3b, a contact [ h t be:
Tiihderiied EonPRGIR REEPOaNS SAIANE0S SgruAEle B igss costly
procest BSQUANSHS Al RAIRORT.OL 95 bsbiqe Asnner

than ir8.thet fishoembotienendt addt isathérefiraneasieortodrewogairiez ddoreover,
. . the crystal lattice of the material jin which the t al
diffusiclinSt FHe IRianiet e i B eA T 6 | thes PIEfe B e Soply and
requireb Ann@wksy BY adesteRighnempeadtlilg reorgani zation of the
mat eri al  and di ffusion of the inplanted netal in the

Atrardingr 1o oy epartisaied embedimeny, vt [is aleodesesiblgedoi perform co-
implan%%to%iéf g%étg%omprised in the stack of layers forming the ohmic contact
electrode and of silicon, with a silicon dose of about 10" to 5.10'° at.cm™. A dose of
10" at.em™ is in fact the minimum silicon dose to be implanted to obtain n-type
conductivity in the barrier, and implantation beyond 5.10'° at.cm® leads to the
material being damaged. Silicon has a doping effect enabling the height of the
barrier to be lowered thereby reducing the access resistances of the device even
further. In a particular embodiment, the silicon is not implanted but can aiso be
deposited during growth of the material forming barrier layer 4.
in similar manner, co-implantation of two of the metals forming part of the
superposition of metallic layers of ohmic contact electrode 5 can enable a particular
profile of the different metals to be obtained in the semi-conductor and can

participate in optimizing the access resistances.
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on. In a second enbodiment, with reference to figures
4a and 4b, superficial layer 7 and a part of barrier
wo agosn2eb9ar e et ched at the schedul ed | ocati on BETABEE08/000788
ohm c contact el ectrode. Inplantation of a netal can
t hereby. be. rfor cribed above., but wt
THeSFRa RuE T RIBN el 8F e SRl Hrligee Fomiristhbanneaiing
of the @:ﬁtehh@dmérstﬂfctur@yefand@@slueﬂorfnaéd ftabdifg aol 9¥Rsral alternative
used and a good ohnic cont act to be

embodm&sw@ucwf\ﬂlhba deparibed herpafient ed netal dose. Thi s
Aéc%‘@@n'hgqgsg%%t@ SRLRS 4 ¢ | O B FRER %n"\g?h@@\’ﬁagéﬁg trha single

nvol ess COosS process as

step taRing pla@é alft’eedom«tamnl of ﬂhe dtanic detactdsioeigede alyouetdtusnmrof the
tha he first eg‘o&alrrent and is therefore easi
super p@%e tgtisi lzyers\pp d rrigf feyas edRT de %eﬁm‘dﬁv%fdhas been

etched ”Ef at‘mé rloéél?orpaﬁ'héeg?hgif ﬁsté‘lkGEﬁlﬁpla%ﬁ%am €2@2Sh! YerRP&tature

equi res anneal i ng ess high tenperature.
coman!@:td?&twegnt 65& piad t 1050°6r, ambadicating, time 0§ 20 seconds to 30
or m,coi ntati on

i bl | f | L
minute§ g%t Rediie g HETRLERe opUfhgaAnealhg Fefisingrpraenization of

the ma?é?l?zﬂ %Hu@ﬂoﬂc&frtﬂ%n@%t@(ﬁ nséthi POthe thidkReds Df bag@sy lggér% up to
of about 1017 to 5.1019 at.cm 3 . A dose of 1017 at.cm

channeg layeri » aae ttotah@llaying rafrthesi mietsdlic dryses conplituting| elmigdcontact

kol TR B USRI 0, a2

THebevicelobesihed @mﬁt@@@hte&uﬂa ng@:@ Has a doping effect
enabl i ng t he helﬁl(;1 of the barrier to be | owered

It sheyldde F‘@t%i‘cflhﬁ@ Righet thesannegliggdrawserature Heedaoieche alloy
that forﬁ¥segt [Hér Fek}ﬁr of h% Fé"ﬂ fd la%fsa{)f @@@ﬂh @c%nta&#@leﬁirbaé WBems to

can-a

be mhcghogmhlecmjs t/\hte JivbeRel s s%a@ﬂommebaand ¢herefyrerdaks. ncbinpresent a
manner, co-inplantation of two o

good m%qrﬂﬁ'%alﬁéﬁn%*ﬁ QueE %L&nq guatianeviyen rP@t“éﬂ'Wq%S Hgy@ﬂgcmg the

fficien® l&q@a RBtRE tigleect rode 5 can enable a particul ar
efficter pO? 5 the different metals to be obtained in the

Asmmimgortduca opreferted aseqend i aligrantivé neopitddimenhg anhealing is
f %Fgess reS| stances. The second main fabrication step of
performeE W $185i ¢ devi ce, comprising annealing of the

'ﬁFét%frmé%'hﬁ{;% pEFEmhed @n tR@Rtroetupe ftar ﬁFﬂSIaﬂfé’cWrﬁmﬁﬁb hfnealing
sever al ernative enbodi nents which w ||

at a tempstatlmedomprisad hetweer 0P EHNBRQ Gaiss wré@rnmd &2 peeonds to

s0 minfERoHL T304, PRSI R 3p BoREIY TRy el v

was diﬁﬂnégéaod@rub% iffPastatioen NH, dbes simpesqoprtenettakl advantage of
stabmz|rgy§\resﬁggaé%§@?tg: rﬂlxe?nr ngaa}\/s? rst c%];égcgsattegeats%%e{efr;\gler%lture (as from
500°C) and generates active species which prevent evaparation of nitrogen from the
GaN superficial layer‘ during heating to 800°C and therefore damage of the
superficial layer. Using a NH;3 atmosphere therefore enables formation of an
encapsulating protective layer to be prevented.

If an encapsulating protective layer 14, for example of SiO,, was formed on the
structure, this annealing can be performed at a higher temperature, preferably less
than 1050°C, until the stability threshold of the material forming encapsulating layer
14 is reached without damaging the surface of the material forming the superficial

layer. Use of a SiO, encapsulating layer is particularly suitable for co-implantation of
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etched at this location. The conditions of this

annealing are: a tenperature conprised between 750 and
waeeaosan annealing tine of 20 seconds to 30rPOT/IBR2ESS()00788

in a neutral gas atnmosphere. Such an annealing results

metal o SRCEG AdBh a1k e 68 an sl R Pachiped Mo s o

neutralt 9as héﬁﬂ@épHeﬁtﬁerer%bhaﬁdtthtsmbom ioyenagctbateleinmehal tiystalline
| ayers constitutin mc contact electrode 5 with the

StructUE%pbqfafet QﬂPQﬁcﬂlﬂrh tf@gueiﬁctmesrhghaw%@IV@@pau geqditigns are
advanté?@é@sﬁ?%a%qeﬂ tb flﬁwgiérn’??rﬁ thiah Frfb g?%,erl%%‘ 3y, lggﬁg %r]é;where a

e anneal erat ur e nore
pressuténat 100 s alhdehelzla\/l@OOOC it h@qmltﬁoalﬁnaaplSGMma lafert T is then

cont ac ctro e seens, to be i nhonpgeneous
etched Hagih '%L s@ﬁeSO%fnd\qthf@\@ 29&%@&*1%%&0@@@@% ohmic
contact% ﬁl%ute th%l é%@é’[ﬁbo‘é‘éer a | ong duration, which

ore C|ng t efficiency of the devi ce
Afbererth& fiest Acoealiigigenhoapsylatefeerprotbotive olayeal 14r hapiegent, is

embodi nt, anpneal i [ forne
removed 20 Sl PRatBerfidalt ByBET & Peitairled i, BiecREatiah of ohmic
contact SRLAPHAE & as THibe &8 @@Hb Ss@fheaflr*s?m&élﬂ& Wy of thls electrode
onpri sed between 700 and 8000C is perforned for

in Contémlﬁmbatfterw&m‘hut es in a NH3 atnosphere to

AR AR ont e doadond ¥ihed ffkigromea

at a tefriper@tvaehRge | tenpbidtu®, Ng. 1dveersthaharsD® b)etah@rpréiﬁaébly lower
as it dissociates at | ow tenperature (as f

than 656 @) a=trHtEE 9P RUEH aschi e Sy5eel BRY RHKIEFE BF b’\ﬁéﬁtgases for 30
secono%‘lj?cp%oamgpte%f Tid é%rgg%régg%'q EqﬁlsGthééﬁﬂﬁda id G5 'IPw"’%e nable

ring Ing to eref ore damage o
alloying wf ¢ind neatallicllayes. foldaingatha Mr@mépwwemaﬁwent to form

bIe forma,tl of an enc t|n rotective | aye
local afley 8 13 B BIETACR balWeRBRs sk PHe gt R Fotsrhalptrode 5
with cq actf lcﬁ"?(élﬁpl'ﬁué)floc%'l %ow}’i@%ﬁéﬂfﬁe@sﬁhﬁéﬁoﬁt&f Yed WoBitact and
I's a neallng can I gher

contrlbumspterraducieg tbe@‘ceesmrqmﬁeeses han 10500C until the

bi | h hol d of h
e apeid, AT o8 oFmBad e Bisele 5 SHEIES difbPhE PR the

device sw rtfe?‘Q@bﬂfzeHh@y BRIAIAR] tHoeomtagt bRshertioebof itisd alledterl even if
Use of a Si Q2 ‘encapsulating |layer is particularl

y
the tegweratbre isonokt digmperougix itenpefens adllaying f| theorinetgls of the

t
supershESR T rtlnd IR AR Dul sBOrd R el oot s
formedaist saidt ®dbé M'nbhealfgyat aF Liternsdrey t hee bbehocbb‘served that a non
osition of the electrodes. These acti vat |

alloyec{;gﬁr@,lq contachpkthis type increases the reliability and llfetlme of the device,
which results in a very high mean time before failure (MTBF) of some several million
hours of operation.

A third alternative embodiment of annealing consists in only performing the
second low-temperature annealing of the second alternative embodiment described

above, which also leads to formation of a non alloyed ohmic contact.

The technique of metal implantation before forming electrodes has the advantage
that the subsequent thermal treatment will be sufficiently low to avoid damaging IIl/N

materials of the structure and to not lead to inhomogeneous ohmic contacts. Indeed,
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advant ageously easier to inplenent than those

descri bed by Denbaars where a pressure of 100 bars
woinasn20g4 at 15000C i s required. Encapsul ati onp¢BYyE0051000788

is then etched but the superficial |ayer does not have

e el IR 08 SIS DAL SR PRAR lofl eFicnts i

materia®NBaEL 11A8, theRraPsubigél empehreéidueationy afeckbsafy for diffusion,
present, is renoved and etching of superficial

| g
that is knowseinftoermstor art meghadsclar fomiag thhrpeiactnt &0 high*that it does
not allcﬁ&f@e{ ?fgf?@@f ogfsn{nﬁ i @%ﬁgl 81dcB0a8ROS} tl?&é\eag\ﬁb\{eﬁd electrodes.

ectrode 1 n contact

Moreovbﬁrﬂh'i@hbdhaw”n@ bAtiyer leaedsubithe ddgradatian coatedals and to the
el ectrode 5

., a second annealing is perforned at a
reduced gafirkilyupd dugtnag Plolbe @?ﬁﬁ%&% eV E>|e.se.8wia dRer "PRAIPIENEOUS
COntangOOC and preferably |Iower than 6500C, in a neutral
gas such as N2, H2, Ar or any m xture of these gases,
for 30 seconds to 30 mnutes. The tenperature of this

In fagsig LMk el oeRE g 65 1< RS GBS g gpportunity
of stabgig{n@gﬂiee%Ub&@qdé?ft“iﬂl)émarﬁ,“elsoé!ﬂ te Lgusturé hes iitet ehipsrature is

en the first layer of ohmic contact el ectrode 5 ‘
higher thianhthabmhiaht willklge produredTini thel rpatariahPHEYg M§eg d Ap sttustye will

cvoe 5053, T8 Boph s AL B SBELA . SRR o
examplgfﬂgpﬁééﬂ?ﬁﬁoﬁ Bﬁ&@ﬁt@ﬁﬂn@:ﬁt@gbﬁé wiilheulbsdrisntly poéséteoperation with

evice to be stabilized by stabjlizing the contact
a very greapeiabiliéys obperfaEnancecas udesi®fen i f the tenperature
is not high enough to performalloyi.ng of the netals
of the superposed |ayers constituting the ohmc
Tirestasbodihrgits ofithe Mkentidmivil ton tecdescnibsdfappiied td $abrication

said to be "non %o ed". Furthernmore, it has been
of a HEAAT eresantingampioyRMOBMIGG¥HaBHni ¢ contact of this type

Examgiageases the reliability and lifetinme of the device,
rth results in a very high nean tinme before failure

A 6ivVIiBftre sficsessived e comprisingl 4 semi-tonductef layged adiwfer yer 2, a

cnanneh S 18 SR 55 L BBL S v B IAR LB S Pl Piver 7
is first O alf fAemERIRNA kAbIA By Ee SUBRALTMBE stadoC\Bd above,

which al so’leads to formation of a non alloyed ohmc
Thearder @Ayer tecnadquel FIGadt &nd MFeseittat ABnalygygiug content

form el egtr has the advantage that the
Compr'§%%5|8§'g%(?ﬂ %ﬁ@:ag?%/"t reatment will be sufficiently |ow
ImMfaitedbl oanmainngnidtihidh desers taba pafforinedsinmactien layand so as

to not |ead to i nhonbgeneous ohmn Ggcontactss | of in
to achipigleat alumBinim fanteringt maieithgn He alevsBueLtHagdevel of the

surface’ 8F YR afl §YS'1RE 150EE [drGhE thateriBI. I THd Mplanted metal content

can be up to 10?' atoms.cm™.

Annealing according to the second alternative embodiment described above is
then performed. For this purpose, the structure thus obtained is subjected to a
temperature of 700°C for 30 minutes in a NHj3IN: atmosphere (respectively in
proportions 1/3:2/3).

Etching of the superficial layer is then performed at the location scheduled for
the drain and source according to a known technique, and the electrodes are then
deposited: the first layer of source electrode 5 and drain electrode 6 is deposited in
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materials, thus the thermal budget
(tenperature/duration) necessary for diffusion, that
WO 2008ne04 i N the prior art nmethods for form ngpehEB2008/000788
contacts, is so high that it does not allow the
formati on of non,al |l oyed el ectrodes or l.ocal  allo
contactafl BAIRLSY R FeBueonmIeaig 't iy hRe BiRge Rt diitperature
of 650°00fck P Sleehagdas barmimiay.i al s and to the reduced
reliability and lifetime of the electronic devices due
Theopastimtiogelayeuand gatead ese than @rgeder al manner,

The onfieEBuiaP BRI Pl R EBBhL a2 P Mo mances
of the structure as its tenperature is higher than

that which will be produced in the material during
Examples®  The structure will evolve rapidly to reach its

. ‘ . . U
A Sl S GO T B0 2 ST L LA B RAEP ) PR eFlayer 2.2
channes ldyge Quentdytapr as ectapegad, i obamicr hayentand gr sapericial layer 7
... . stabjlity of performgnce as i s desired.
s st GhADAENEY SROHE FTEtS SHONPPITREWTIORAGE: | bed
T@eﬁ%érﬁgr tigydakd i pabikopr GANTEME Rr&sis | A9 AlBiiAvad content
ohmc contacts. Exanple 1: A structure successively
comprisethpetveay1@ and@5%onduct or | ayer 1, a buffer |ayer 2
,.a channel .| ayer to contain el,lectron S .
EtGhie o Meaa S5 od se R frifr 2 Ryl o e Byrigy taver 4
is then ?Je'rfofrﬁ’\%@lﬁﬁ tRY 1GCHPVEF RFEOBHIRI Sl 625 oMBls OechAGYBs known
he barrier layer is made of Al GaN and presents

an
to the perann rikilledcioriheritadsoats vsedl Behvasforrmtiandeiggask followed by

[.opl ant ati. f LN [ i :
perfory BB Y el Rl st R BloRlnd s oS 5PIe ROk BAsea activated by
uvy. alumniumcontent of nore than 1019 atons. .cm 3 at the

| evel of the surface of barrier |ayer 4 igwﬁhe lattice, .

Algminiyen imtlen dnplanked Aipediresddas] 3P 2D GbAIRAN BRPigHtation
profile Yt 3R el e LA e RE " TS BpighntEa A0Rinium
contenpearies frech 1(|F18rtot1l®i2%atpmqom?§, the structure thus

obtained jis subjected to a tenperatyre of 7000C for 30
F(pﬁn?,@ﬂcggﬁ ql']meagﬁﬁﬁfgq&@ lgttﬁ%@ Bﬁgpgﬁ?q Fp ?‘?WSIV_)V/a)_f ds in"example 1.
THS BRI g3 e R Somhealy SUBRE Rl e

betwealr 250 aaddl 050IEder 20 secdndgta 30 MikwiesrintecrewiTa)eas afmesphere.

Lat\sh(ﬁ/, ﬁwleegggsggaet%ona a(\aleut Qr%] gate 8 are formed.

In this example, the ohmic contact obtained is about 0.5 Q.mm.

Example 3:
A structure successively comprising a semi-conductor layer 1, a buffer layer 2, a

channel layer 3 to contain an electron gas, a barrier layer 4 and a superficial layer 7 |
is first of all formed by a known technique such as MBE or MOCVD.

The barrier layer is made of AlGaN and presents an aluminium content
comprised between 10 and 25%. ,

An encapsulating protective layer 14 made from a material such as SiO, or

SisN. for example is then formed on this structure.
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deposited: the first |layer of source electrode 5 and
drain electrode 6 is deposited incontact with barrier
wo agoen20094 A second annealing is then perfor meBCBIB2208/000788
tenperature of 6500C for 30 seconds to 60 m nutes. The
passi vation |l ayer and gate 8 are then formed. The
Cetimpdardation of %wnm'wgdamdw stippa iethemperioEmedoin 8. tegeach an
aluminftn Lonteft BNm&rsaiBh e A° afOIﬁé.rcHwei S @eﬁ%é@ﬁh&%dﬁace of barrier
conprising a sem -conductor Tayer 1, a buffer Tayer
layer 4, indhe naataabl lbtticer TBetimptantédiaturaimiveh ecsilicom gastendcan be up to
29 barriern layer 4 and a superficial layer 7 is first of
10° atgMs.¢"r med by a known techni que such as MBE or MOCVD.
ARREIRRY 61 ffis SRYQUrd s RAG T orMePN fchnpERRE 8f #050°C for 30
al um ni um content conpri sed between 10 and 25%
minuteBtiod Ng abhoshketehitiok segfacebengprdiécied| by thgeendapautibtolg layer

4 fone tlhir%i of barrier layer 4 is then perfornmed at the
used I MAIRYAT8Y- source 5 and drain 6 . For this,

EheShISRS JroRMvé Qabie 1ReTs aers kibhirddi Byt A6y teiaddle means

_are used, such as formation of a mask followed by
availakje t9 tepergoarskilleddnithg tiédewet net hod et ching, for

Cl.i y W. Aluminiumis then
Aﬁgr%%ggﬁﬁ 8&@3?@%%@&&%?@@@%&% to obtain an
Theplraintzid ssuee diédtroddst dreadgpositat im alte fdren sfiafaperedsition of
' The i npl anted al um ni um cont ent

) barrier layer 4 .
77/A'@EWW@éofﬂbxﬁthQ/ﬁB|Qﬂ§31 atons.cm 3. Formation of the
lLact Lo ' Jher ' asf kRn°
P o reoseoreh shedififs errmel bC8, R aftiz05LE80°C for 30
seconaanitedd nrigutas ta foremtier adbordogaiphmiedomtetiseen 750 and
. 10500C for 20 .second 0 .30, m nut [, a . neutral gas
In this g¥amBlndhe NI Epytact ARt AR E D 1 Syer S fas o 5
are fornmed. In this exanple, the ohm c contact
obtained is about 0.5 Wmm Exanple 3: A structure
successively conprising a sem -conductor |ayer 1, a
buffer layer 2, a channel layer 3 to contain an
el ectron gas, a barrier layer 4 and a superfici al
layer 7 is first of all fornmed by a known techni que
such as MBE or MOCVD. The barrier |ayer is nade of
Al GaN and presents an al um ni um content conpri sed
bet ween 10 and 25% An encapsul ating protective | ayer
14 made froma material such as SiQ2 or
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Si3N4 for exanple is then fornmed on this
structure. Co-inplantation of alumniumand silicon is
wo ba@s/1pwps or med so as to reach an al um ni um coPCEE2008000788
nore than 10 19 atons.cm 3 at the |level of the surface
of barrier layer 4 in the terjal lattice. The
i npl anted al um ni um + sil PE?H ntent can be up to 102
1 atons.cm 3. Annealing of this structure is then
performed at a tenperature of 1050C for 30 minutes in
1 - An eleboaicrdesjiees wiceshivelydrapisivg fiog s baee te dsisyriane:

sul.ating layer used for inplantation.
—asupgﬂ%i%gqﬂ(i bing prot ective layer 14 is then renoved by
-a chaﬁﬂé‘l I§Vért@l§’|t@cﬁﬁt%ﬂ$aﬁ\é¢édtﬁm §ad,0 the person skilled in
he trade. A passivation Iayer of S J3M4 is deposited.

-a bafl’l&fdawﬁ!fa(ﬂh and source el ectrodes are deposited in the
- at Iea}i? 53[%0 h|71| &ﬁg&oélgargﬂe Z? Farn*{ec@é)é 2. Odpérg@%‘i n8ﬁ o-F'ncfn alloyed

metalli@Riyers B¥Estabydr dfanmieh & @)r@éotﬁ@ﬂ%ﬂf&)ba@@r $ee,<eor¢-¢l)s t o
30 mnutes to formthe non alloyed ohm c cgntacts
characterized inthrt the Rarrish fpvercseants %LB%PH&?'? CondRRt regw (10),

under sucgh% W&Hﬁa%t%l%r&de SMSE §%é%‘ﬂ' Eorﬂ?)’néi‘ﬁ?sat least one metal

ESSI vely conprisin base sur

selected faomupewmétalsa&uemlr(gl@art of saidraupeepoditiyre of (rEtaltio layers
contain an electron gas, - a barrier layer (4) - at

| east one ohmic contact electrode (5) fornmed by a

2 — An %ﬂ’élﬁfo‘?ﬁ’tfﬁé%@@ s%cé%r\/éy k8 ‘Pﬁsﬂ?@“ﬁ&ﬂw'uﬁs FEHS P dirfd d:

'S In conta t wth the barrier |ayer
—asupbém layaéra(nacterl zed in that the barrier layer presents
ed conta ion (10), under the ohmc

-a ChaBBﬁ 'g¥ QSZBIDPB%T %‘itr&gg?%gl on conprising at |east

-abarﬁé‘ﬁag@ﬁéﬂ sel ected from the netals formng part of
said superp05|t| on of nmetallic layers. 2 An electronic
- at leaﬁé\nn@eobmube@@ﬁoéegecb“@dpr(ﬁ)sfog1€fdr yna supesresitiop qftron alloyed

metalli¢ gayggﬁgaﬂrﬁt lgﬁé%’ﬂ&@; Hé"é}iéor(t%lt wb%?\?ézggﬂ[é‘?llaje&}y g (3)

charadtéfAgéd GAahabnifder ané Wﬁme|c©ﬂtafdb<é$ec(t@def(9)r(rmdtH@yba?mer layer (4)
superp05|t|on of non alloyed netalljic layers a fi %

presentapeiegisin aallach cortach regian e{&@ GPRTIEING ﬁdﬁ?%?nmg}@aa selected
from th(e4r)netals forming part of said superposition of metallic layers,

and that local alloying (12) binds the contact region (10) and the first layer of the
electrode (5).

3 — The device according to claim 1 or 2, characterized in that the channel layer
(3) is on a buffer layer (2).

4 - The device according to one of claims 1 to 3, characterized in that it further

comprises a superficial layer (7) on the barrier layer (4).

5 — The device according to one of claims 1 to 4, characterized in that it further

comprises at least one Schottky contact electrode (8).
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characterized in that, under the ohm c contact
el ectrode(s) (5), the barrier layer (4) presents a

wo egsamoeal | ed contact region (10) conprising PCT/IEA64/000788
one netal selected fromthe netals form ng part of

sai d .super posi tion of talljc Layers, .and that | ocal
6 — Th 4eSBopaBI o1 ARS Of SRiBRt hie 5 LEPEAFEREs YdRdhARLHe contact
ionfiBsk d; I (I '
e B R L e B R APl e CR R ED e
channel layer (3) is on a buffer layer (2). 4 - The
devi ce accordi ng to ope of clai l1to,3 . .
7 - Thegevics aFFTaing 1 o0 Fems tRE GEIBFITIRed,in that said contact
region?WOﬁéit'eﬁti@'thﬂo%ﬁgﬁbu{ the RAclEBiRALES BF tHAl8Frick 4dyerT4) and in the
he devi ce according to one of clains 1 to 4 ,
channeiHayeict3¢ri zed in that it further conprises at |east
one Schottky contact electrode (8).6 - The device
according to one of clainms 1 to 5, characterized in
8 - ThéhRlvidehacesraimtlo 68gioPRIAIME)1 t7sthdpdctdrigsdliHthuekie contact
. under the ohmc contact electrode (5). 7 - The device
regiondd8bEeMRESEd aBaingim clitapivn 1mplybgeneatargden zedhenium and/or
: tantal%at said contact region (10) extends throughout the
ol e thickness of the barrier layer (4) and in the
channel layer (3). 8 - The device according to one of
claine 1 to 7, characterized in _that the contact
9 - The davine peenrdinghisr PR &f glaiment thd. eharastarizeddnyihat figrcontact
iant L WE d/or tantalum 9 - The device
reglonég‘ggﬁ}aﬁ% CP%‘%%%%WCQEQ ms 1 to 8, characterized in
that the contact region (10) further conprises
siljicon. 10 - The device accordi ng,to one, of, clai 1
10 - The dgViceragosedionito e of GRS 1116 S Gakasterized i fagjne contact
regiong[RD PSR H MelapeRitnt Yo fo et 533 R Kehtent comprised
betwedr 10 *Taved 6%/ atonecaordi ng to one of claims 1 to 10,
characterized in that the contact region (10) presents
a maxi num netal content at its top surface. 12 - The
11 - TREYEOR3EBFdhG %o bRe A @IdhsCl & 18, chdracierized in that the contact
characterized Tn that the barrier |ayer (4) conprises
regiondt 0) peesentme naiewimamettalorandenis itstop swefaset r ogen. 13
- The device according to one of clains 1 to 12,
characterized in that the channel |ayer (3) conprises
12 - TRé defretadvdrdinBtiednd! ofl 19IMLT @I 1! EhakdstefizbaqgaRat ff barrier
- The device according to one of clainsg 1 to 13,
layer (éhaemprises atieash onaanaterial femrgrenp 11 and nitrogen.

13 - The device according to one of claims 1 to 12, characterized in that the

channel layer (3) comprises at least one material from group Il and nitrogen.

14 — The device according to one of claims 1 to 13, characterized in that the barrier
layer (4) is thinner under the ohmic contact electrode (5) than in the rest of the

device.

15 — A fabrication method of an electronic device, comprising the steps of:
a) formation of a structure comprising a support layer (1), a channel layer (3) to

~ contain an electron gas, and a barrier layer (4),
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| ayer (4) is thinner under the ohmi c contact el ectrode
(5 than in the rest of the device. 15 - A fabrication

woredosacooef an el ectronic device, conprising theCHIBEES/000788
of: a) formation of a structure conprising a support

o RFathd & Brad Spey B Eafotiatt siibioRsn B oL dERaRgn of 2
superp@@%oﬁ@ﬂrforﬁé’llﬂy@@tméiaﬂﬁ:tlé?é’t% 4 fidst M&ww:éh @NinQongact with the

superposition’of non alloyed netallic |ayers a first
barrier layesr(4hf which is ih contact with the barrier |ayer

charadiof 1AL ETE ok DB SEPGPLER Rl ot o

contacf 1@@10!1 n1ohen hAs rbaered Ryer (§undeidde éWeicbohtact ericeote (5),
el ectrode (5), conprising a netal selected fromthe

comprigiagad Snetsl rﬁe@:t@@rftor@fth@ dngtady friipgiRarb9f seidrsrapIposition of
and in that after step b) a step b') is
mem”'é?@ér 'med of annealing the structure at a tenperature
and inefrahl after stlepl B2t stepchl) ial d)@'ﬁtbmgao( bi)arbmta\lvagrthtahﬁructure at a
‘ material of the contact region (10) and the n&ﬁg Lﬁ}?
tempeggfurengnabling: at Igpet loghl allying ecbririweenghe MmaErREPhHp contact
[ that step a')
region nkpérﬁjdsfah;qa %%t‘?}!f\ﬁtog)t(r?egwsf%%ﬁa ggr%llggtrrb %yer (4) of at
| east one metal sel ected fromthe netals form ng part

. .of sajid superpositio tallic layers. 17 - Th .
16 - ThetRgtostas FAFRY 1ok At eharasioniedd in 1bat sipR R4 comprises
lmp|anHiﬁ>n”Tht fHe bﬂ’ﬁle"i‘géﬁé’r nq4'? S &Peds) ohé rﬁbfﬁ?‘s@léﬂ%d from the metals

tani um tungsten, ruthenium and /or
formmg@attatfuyand $8perp76l3moneztfmmiaﬁlcdayemng to one of clains
16 to 17, characterized in that in step a') silicon is
in addition inplanted. 19- The nmethod according to one

17 - TRk n@t%@%cé@roﬁrﬁb {PeclaPhabaehafdciBrized ihtBRt tHeemeelldhplanted in

content or the hetal and silicon content inplanted in
step a ésiseplumlguuns tttampm sealybdewrentungsena ndtheoim agd dastadialum.
. 20 - The nethod according to one of clains 15 to
19 characterized in that the annealing tenperature of

18 - THé %ﬁ’ethob ACEOFAIAG b DR HTEdINRRN 1696 1T EhlRaOREzeALin tHae in step
nmet hod accordin Q?@to one of claims 15 to 20,

a’) siliasimaip dic edditipedmipianteé@dt bet ween step a') and step b)
annealing is perforned at a tenperature conprised
bet ween 700 and 8000C in a NH3 atnosphere. 22 - The

19- TheahBRbRsssrdingdo tomeasteclgimscl @itars 8 LéhamctSrized in that the metal
characterized In that between
content or the metal and silicon content mplanted in step a') is comprised between

10" and 10%' atoms.cm™,

20 - The method according to one of claims 15 to 19, characterized in that the

annealing temperature of step b’) is comprised between 650 and 1050°C.

21- The method according to one of claims 15 to 20, characterized in that between
step a') and step b) annealing is performed at a temperature comprised between 700
and 800°C in a NH3; atmosphere.

22 - The method according to one of claims 18 to 19, characterized in that between

steps a) and a’) a protective layer (14) is formed on the structure and that between
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steps a) and a') a protective layer (14) is fornmed on
the structure and that betweensteps a') and b)
wanpovsabkiong i s perfornmed at a tenperature conprPCEUB2008/000788
bet ween 800 and 10500C. 23 - The nethod according to
of, clains.2 1 or .22 charac erlze n that th
steps &gl PhgnDERIsGr B BPECERSL B ETPRE UL ALREd Bstuneen 800
and 108f°c. The nethod according to one of clainms 15 to 20,
character| zed in that in step b') of annealing of the
structure is performed at a tenperature enabling total

23 - Thet T BhobPn T Up bREMAR, 200 SARSHPRSlH8BH that ne
anneam"getemet}amréwgtéb Bg id Rs8Mea@750t@i ms 15 to 24,
characterized in that the barrier |ayer (4) and

channel |ayer (3) conprise at |east one material from
24 - TRE Tdt !)5 Iaccopldl étté BRE"F claims 15 to 20, characterized in that in step

b’) of annealing of the structure is performed at a temperature enabling total alloying
of the metals forming said superposition of metallic layers and of the contact region
(10).

25 - The method according to one of claims 15 to 24, characterized in that the

barrier layer (4) and channel layer (3) comprise at least one material from group 1l

and nitrogen.
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