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The present invention relates to an el ectronic device conprising at

| east one 7s,;%m,yltzn"|9§yer a channel layer to contain an lq{ﬁlcﬁtzﬁ(@mmg@ss,
a barrier layer and an ohnic contact electrode formed by a
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devi ces conprising at | east one channel |ayer where an el ectron gas

is able to flow, a barrier-layer, and at | east one ohm c contact
el ectrode, find numerous applications. Anong these devi ces,
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materials are widely used in these applications, on account of their

| ar ge (5dn@gaigct with thel’ﬁ@”@él’%’reél structure of these devices will be
described with reference to figure 1 which represents an exanple of a
HEMI of known type. This description can apply to a rectifier

consi deri @AGKQR@UM@EJMEWVENTWEUW 1 only. Such a device

conpri ses 1 at its base, ther i S
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is placed between support layer 1 and channel layer 3. This buffer
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It therefore ensures t he crystallographlc transition between suppo t
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these applications, on account of their large bandgap.
The general structure of these devices will be described with reference to figure
1 which represents an example of a HEMT of known type. This description can apply
to a rectifier considering the left-hand part of figure 1 only.
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
channet 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
crystalfographic transition between support layer 1 and channel layer 3. The buffer
layer further ensures that the voitage of the device is maintained. In the case of a
transistor, the buffer layer is elecirically insulating, as it has to improve confinement

of the electrons in channel layer 3 reducing injection of charge carriers to the



Channel layer 3 is an inportant layer as it enables circulation of an
el ectron gas which can be two-di nensional and determ nes the
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It is also possible to deposit a Titanium Al um nium contact on the
barrier layer and then perform annealing at 950C. At this
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el ectrode; - the contact region is situated exclusively under the
ohm c contgetw@ieelosode; - the contact regi on extends t@Fomahemboide
whol e t hi ckness of the barrier layer and in the channel |ayer; t he

contact region conprises alumnium titanium nolybdenum tungsten,
rut henium and/or tantalum the contact region further conprises
silicon; -BRﬂEFmscalenbmengmiErmmmmtal content or a rretal and

silicon co tentf 6 rTE E%(vveen 1019 and 1021 atonms.cm 3; th

cont act QT‘SH’ jre obigcls Qf iNYERtaRels dhereirrediPrepose a rﬂ%tboét!i‘?@taf&es -
the barnbt fivolvayRe GaWBBLIEE Mettioh&RBho®® gﬁngktnnﬁd thd BbSducRlin?BEtween
nitrogen; the channel |ayer conprises a%, ast ‘one group II

mat er i A€ SRAIG Ff’ﬁ@@éﬁ’ewpﬁ@(%eﬁﬁﬁ ehanngl withpyt degnading t!n%etrucﬂm\re ohihiec
cont ackhBhi Rilfed BRS pklhdt %v%ﬁtun%r E&? ﬂcﬁYS' fhsit are easyAtB?%B%rmé)ano?\Ct

of the |nvent|on concerns an electronic ev ce successi
conpr i @nnppdustial iscaldasrother idtged uoff Hoe lmesmppmst td a‘gmn olanmhaomebts
| ayer t i er | east one ohm c

cont act 83?@@%'?%@) 'a'?npdslyrlﬁé rop%’%gﬁye?ﬁﬁ‘?ﬁ%ﬁfé? W@PEP”'F(E’GVWHS a

first |ayeh génetbi ethe bBmidcemateistcradted Byhalidyiyr bfethel siipeFpodelemetallic
barrier |ayer Cgresentlg% a region called the contact region, under

the ohfAYETLWhicAdPrma the BH%GQWaCE@ﬁﬁW%eF%U'ﬂaﬂhGF saRY-condiGHiag gnaterial of
sel ect ggb Efe‘éffbhlﬁedéﬂ?ééltﬁlsfrﬂéi@r@gb@iﬁgtfoﬁﬁeé %gda ﬁH‘%‘?y PR QJ'F c{@xfgterg%

nmetallic | ayers and local allo bi ndi n e contact
the fi pdey phg@updil/N ietereenrisr surheas for exm@mhhgf\rﬁaf\btmmf\l fle@aur &N of

this d%Y %?Aﬁgé;lﬂfxlddr%yto(%hép@oﬁlﬁ'éfs(?@tih %dition claﬁta%%'%% Or{ayer RRCE

buffer I'ayer
Format:on of the alloy does in fact enable the band diagram under the contact

to be modified. The height of the barrier for passage of electrons is thereby reduced.
The invention can therefore implement implantation in a barrier layer, under the
ohmic contact electrode(s), of at least one metal selected from the metals forming
the superposed deposited layers to form said electrode(s), followed by local alioying
between the barrier layer and the first layer of the electrode, this alloying being
enhanced by the presence of the implanted metal. |
A first object of the invention concerns an electronic device successively
comprising from its base to its surfage a support layer, a channel layer to contain an
electron gas, a barrier layer, at least one ohmic contact electrode formed by a
superposition of metallic layers a first layer of which is in contact with the barrier
layer, the barrier layer presenting a region called the contact region, under the ohmic
contact electrode(s), comprising at least one metal selected from the metals forming
part of said superposition of metallic layers.
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;



the device further conprises a superficial layer on the barrier
| ayer; - the device further conprises at | east one Schottky contact
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to other features of this device according to the invention: -
channelcomgyisingi feora itsbaseftpdis guaipee a support layer, a channel layer to contain an

electron gas, a barrier layer, at least one ohmic contact electrode formed by a
superposition of metallic layers a first layer of which is in contact with the barrier
layer, the barrier layer presenting a region called the contact region, under the ohmic
contact electrode(s), comprising at [east one metal selecied from the metals forming
part of said superposition of metallic layers, and local alloying binding the contact
region and the first layer of the electrode.

According to other features of this device according to 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 elecirode;
- the contact region extends throughout the whole thickness of the barrier layer and
in the channel fayer; |
- 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 (Il material and nitrogen;
- the channel layer comprises at least one.group. IHl. material .and.nitrogen;
- the barrier layer is thinner under the ohmic contact electrode than in the rest of the

device.



- the device further conprises a superficial |ayer on the barrier
| ayer; the device further conprises at |east one Sohottky contact
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- the channel layer is on a buffer layer;
- the device further comprises a superficial layer on the barrier layer;
- the device further comprises at lejast 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;
- the contact region comprises aluminium, titanium, molybdenum, tungsten,
ruthenium and /or tantalum; '
- the contact region further comprises silicon;
- the contact region presents a metali content or a metai and silicon content
comprised between 10" and 10%" atoms.cm™:
- the barrier layer comprises at least one group lll 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. .

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 fayer,

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 ste;ﬁs a) ‘and b}, a step a’) is
performed of creating a contact region in the barrier layer, under the ohmic contact
electrode, comprising a metal selected from the metals forming part of said

superposition of metallic layers,



b) formation of at |east one ohm c contact el ectrode by deposition of
a superposition of netallic layers a first layer of which is in
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According to,other. features of thjs nethod: step,a') conprises
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steps a), and %%2 and anne%I I ng 'L;'S performed at a tenperature
conpr i $&F BRASRIEH BRIV SRY B eunPritadetyesn §af apyl; 1050°C;

- between step a’) and step b), annealing is performed at a temperature comprised
between 700 'and 800°Cina N‘Ha atmosphere;

- a protective layer is formed on the structure between steps a) and a'), and
-annealing is performed at a temperature comprised between 800 and 1050°C
between steps a') and b);

- the annealing temperature of step b’) is lower than 750°C.

- in step b') 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.

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 fabricatioﬁ 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 lower than 750C. - in step
b') annealing of the structure is perforned at a tenperature enabling

total all owbngosoizedole netal s form ng sai d superpositi orp@fpambabd 35
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I nventi on. LED DESCR ures
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contact electrode 8. |

Support layer 1 is made from a material which may be semiconducting or not,
such as for example Si, SiC, GaN, Al,O3, AIN.

Buffer layer 2 is formed by a binary, ternary or quaternary alloy of group IlI/N
elements, such as for example GaN.

Channel layer 3 is made from a gallium-based group HI/N material which can be
a binary, ternary or quaternary alloy, such as GaN, BGaN, AlGaN or another,

Barrier layer 4 comprises a material formed by a binary, ternary or quaternary
alloy of group IlI/N elements. The choice of the materials of the barrier layer and of
the channel layer is free in so far as the channel layer material always presents a
smaller bandgap than that of the bartier 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 o 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 Schoitky 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



Wth reference to figure 2, a device according to the invention
successively conprises fromits base to its surface a support |ayer

1, an optiwpabosAydobper |ayer 2, a channel |ayer 3 wher epafgloidoiRE
gas is able to circulate, a barri er | ayer 4, an optional superficial

layer 7, patind<pidta W&oﬂ%%n‘é%}ﬁtﬂ@tprgﬁe@ﬁéﬁ paeverieadikcish ef ieYperimeter
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iret | aelerdl obil Arstdierctl P cleriuis: (88 Hereheiet PR el iank Poine
| ayer 4, mekgr eas Schottky contact electrode is in contact with -

superficial |ayer According to a first errtt%ggl ment, barrie
| ayer 4 compMy es@yma ‘qoptack foread uthinincat allaving isravgbiied,gaepop @ipyed”

cont act ﬁlle%éfaql%ellgyrf%a?&r%tlﬁll‘ﬂﬁgacﬁﬁm&%'n%ﬂ:t Je@ec@eébwsaré *ﬁb%g withebne

whol e t hi ckness o rier and al so in the channel !m_%/
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conpri sed between and 1021 atonms.cm 3
-electrode- 5-is- formed-by-a- s1ngIe_a[onlngmwhlch_compnses_all._of the_mietallic_layers__

and also the interface between the ohmic contact electrode and the contact region
10. This alloying is then qualified as "total alloying", for all of thel metallic layers of
the electrode are alloyed. It should be noted that total alloying only comprises the top
part of contact region 10, the béttom 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 electronic 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



Moreover, at the interface with ohmc contact electrode 5, alloying
called I ocal alloying 12 exists binding contact region 10 and the

first Iayew(n@iﬁg;gbmuc contact electrode 5 in contact W gdyigbssey g9 er
layer. Alloying 12 is situated at the interface between the barrier

| tact el ect f dDb
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resi st r, it has been observed that a non-all oyed ohm c
cont ac?%@a %I%{RF&%% increases the reliability and lifetinme of the
devi ce, re@uh‘@c’ngaglcm a0 \cempriseyg lthareaterial wé theetayeem Whaich ur extéhIBENd af

sone sev mlliqQn hours of ration._ . car di tg an .
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Il of the metal lic ers and also the interface between the
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e are alloye e

the electro shoul d noted that total alloying
only conprhsasdingetot ap zp@rmatwe embodment,egmtbrfei@ancméo Hgure ricp darriest

cont ac e t | e whi ch
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ohmi c Cont/aatorelhgctor Qdﬁartlcular e‘mbaditnertt nestitattersgfiar cliou fgthen addrmprsean
el ectroni c device according to the invention to be obtained will now
be des€lif®®d. ' Wth reference to figure 3c, said internediate
structure successively conprises fromits base to its surface a
support layer 1, a buffer |layer 2, a channel layer 3 to contain an
el ectron gés‘abfépﬂﬂaﬂ rnethof of @n Qiectgqnup gayee @ﬁ@orSmﬁ o thgrnveetion véE Npywde
5in CPBtc% c‘i‘% h said barrier layer 4, a superficial layer 7 and a
gate electro in contact with superficial |ayer 7. Barrier

| ayer 4 coﬁﬁirhise@pacmmg'rims éarmation cafnamdnterregiiate sbuekiredithg type as

t hr oughout t ckn arr. er 4 and in channel |ayer 3,
under OFITES @%ﬂ gurg L{)dcg sbcnbgﬁ a‘Dw%nt act region 10 conprises the
mat eri al obiffehent| mmodsw ofhfarmakibn eat enelsingtheaiaet sttudturemwilhifirst be

ohm c contact, electrode 5 is made. Preferably said netal is-alum nium
or tit&8seRedingeiRihsity of netal in the contact region is not

uni form 'Wlﬂhsre‘f'ér%hﬁé Q@tf@lr@%%r al &m&&bcﬁﬁﬁﬁslﬁ |dyees Bany i |3er4 bAY & is

with a Gaussian profile wth a higher netal ent at the op
sur f acerastucedriny @teghajeye known to tie persgnniltes 'arihﬁltf%éﬁmé‘s MBE or

nder SRov DN BB, SHE shifbhPRaR cffonsll e EbverpdHy A Ef i Midh

Accor_dilay@rt]d a particul ar enbodi mant cont act regl on 10 further

O e AS B8 e e APl B L BBl of REARLS e
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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A first step conprises formation of an intermedi ate structure of the
type as represented in figure 3c or 4c descri bed above.

D fferent wetdaesigo®@h fornmati on of the internedi ate str ugdtis2oodiobdrss
first be described in detail. Wth reference to figure 3a, a

structyre,.c rising,layers 2.3, 4 and 7 1i oduced bhy..

Cechni AR5 01 e TGS oh tipr ity 18 enan it BLS SEEm R gt mtel
MOCVD fxgif aR¥y&hlantBd $n sitdritel layer gan optional Iy be covered by an
encapsul ati on | ayer 14, According to a first enbodi nent, a mask
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Struct ihgladted Aretdlh thd batien (SR $aidwaRbhling @l tEE&dcritielilin Akt faRher

i npl anted in channel |ayer 3. _As can be seen in figure 3b, a

cont acM egi on 10 has thus been fornmed under ohnmic contact el ectrode
5, which regi i 741 7
Cayer 4 aniBaned EAPaltE R |Siclehee 10 Ralich N IRERE Slperisl ey
It shouand aeparbtodcdharhart layepldaate eicheddats theg adiechded hecatiopsefathel abmice

ot ep miontatharstiohe BaSRolatBace oyneianetd MGehitis PTorED! AR Rsh Mk,
of theapaver bal withce dridllgs id@ge ﬁi Eviegié%miéﬁm’gg.g:‘retahalian thiekndsyr of d1e

| ayer. Said annealing wll further on. I n
2 Y ecoR@ oM . 49 RBRe ERNES Srgron Uiecesesbanha anst B perierh
| ayer fo BBbiaiRas vaitﬁfa Qﬁéﬂérﬂﬁwp\a’%ﬁ(@é nfet@lset ched at t he schedul ed

| ocation of the ohmc contact electrode. Inplantation of a netal can

t her eby beTpisrlpuerdases inRiaviatipe dregeovethenrdvaptage of isxalvingra igss sosihd
weaker Vou thi G ] ' j .

oot ehiprtes SRS ETddRy. nHeiiRfiifeR2ols's aH Bke HEH RG2S i,
obt ai nditamiinhthe $irsl émbodimpErdnardl isethatefdes easier to Turganisewe Mates\st,

b heoo ks B SRE dbiarise MM R a% Baridl, ke, Bike® wER, R iy and
damagedequihst Miwading Bbanedshigheerpssturebodi ment and is therefore

easier to reorganize. Mreover, diffusion of the inplanted netal in
the barri efCPAPEN (K sPTGHRr rﬁSP%D‘L‘Q?PPy‘t a‘ﬁdaﬁeqﬁg?%@easﬁ]é?ﬁ G &P a

| ess highd-RARST 8 8'etal compASEP T iNOsiaeK df Raydré Goinfihg GRS B Rbntakct
is also possible to perform co-inplantation of .a msta? conpyised in

the st &tgctidel arybetsifiennmuiy a silicarhrpee ebahaust108] tecs ABdeatmi -df dose of
silicon,1m B Sl b 1 i . s AL C

of 1017 % e Ryt £RF 160 Hnfhuitton ddve 16 b MR, £TotafnARE
t o obt @onduetivtpeinc tved batiiari tapdi implastatian rbeyondafid O het.ant atdade fseyhend

5.1019 at.. J t he.mat eri al i d. .Silj )

dopi ng "EAFEEL BERGDAPRESETe SHEPBHE 0P DRRNBaTHCbr EDIDe Poderad of the

t her ebwar@sue BE 1bRErcACHREshY Rl ieSaedest tesiderices @vibe davideheven
In a particular enbodinment, the silicon is not inplanted but can al so

be depduithed A inagigNaswembetimard. e silipen is d\%iﬁ@%@f it qagyiso e
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 § 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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In simlar manner, co-inplantation of two of the netals form ng part
of the superposition of netallic |layers of ohm c contact el ectrode 5
can enabl ewa pewf2omul ar profile of the different netal sp¢wiBags000788

obtained in the sem -conduct or and can participate in opti m2| ng t he

access res in fabrication sté
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and 1050Reasel thSteRORTH 6h 816 g IARE ey s SRRHCRE Toytf R Bee?
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superfici g heating to 800C and t herefore danage of the
superflpct::’lrtgir }sgirg?wcgj %g a NH3 at nophere therefore enabl es formation
of an encapsirsicannealipy ¢ petforveed ay te $toudherepafiey émpladtation. Thubfarmeahng

| at t t | f _Si02 f
Cher Dt & BB ani< Chmosed Retwesh 70 Bad BBPRL & Seridimed fob2d sedonds 1o
t enper apuinthutds 6 8MRL BirhEShetd 80 rd1gQfize W ibatbhid@ StBEIddter Iayer that

threshold of the material form ng encapsulating |layer 14 is reached
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14 is reached without damaging the surface of the matenal forming the superficial
layer. Use of a SiO2 encapsulating layer is particularly suitable for co-implantation of
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After formation of ohmc contact electrode 5, assecond annealing is
performed at a tenperature called |ow tenperature, i.e. |lower than
750C and pwef»eesahbogs| ower than 650C, in a neutral gas spEinBamshiiiss
F12, Ar2 or any mxture of these gases, for 30 seconds to 30 m nutes.
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ohmc c ctrode 5 wit ont re [ ocal . all oyi ng
Uar ant B AP SRPastion. oh: 8. CRroten: TPBIR A BIPR SR BN ATS
access arcﬁéhﬁg%@g? easier TNifpRARANAhAN ARG ags@rmyadbg@énﬁdm QY& a
enabl es the behavior of the device to be stabilized stabilizing
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operati on, A third al tei;]nat Lﬁ/\f enbodi nent of apneal i n?t consi sts

in onl oAt SlastrRge Bner 8ed o dshosit dhe st metaliic lavsr af thimlesisednd

al ter nqﬁbgﬁta@mﬁﬁbgﬁ@ 15lR$Qr i bed above, which also leads to formation
of a non alloyed ohmc contact. The techni que of netal inplantation
bef ore f or Aty femationofeshrigsontast taciodads a seaordnanrsating du patformed

thermﬂle]tte{ ?ﬁﬁe I cgh?cpﬁmﬂgrﬁﬁ{rbﬁﬂéllyq.e%e%@aﬂvﬁodcdﬁr@ (Qrgh'%lé\%r

mat eri a ructure an 0 not i nhormgene
cont acttban baA¥Rdn a mtmgas 000 84 RZTHNROQ 8f anY rBG&utchef ﬂnesabases for 30

constitutin th Iect Ve ve k.di ffusion.c icients
TN eeente e S RS oA B el (i ABRE NG 8 Tty R ghyenable
necessdiw ﬁwgrofdhéfnh@hmﬁ |aﬁdﬂ§ﬁonﬁn§ﬂ%f\@!ebﬂoﬂé€ 15! Woweel siETchaf So Fern
formn e contacts, is so high that it _does not allow the formation

of nonq‘é‘Fq | 3lleying | ecatr thadatesace Setwesn theyfirat layercet ofipis cand Rlegtroders s
high t d

Feduced LRy o, 180 TplsOIok A G aA oI L ShibitCand

i nhonogentthuéeciomeducisg the accass resigtaneeal nanner, anneal i ng according

to the invegld ggtt:c%\é:}/ %%pégﬁrﬁpe?%édfﬂew tr?ére?&rgbérl-ébﬁéé‘%é hl?et‘?#fﬂ oSk

per for mances o | egasits e€ratfure 1S higher
whi ch wielvlcebte e ethdizediby stabilizmbehe a:lonthmlt ipngpeaurtes ofl the stectiode) rearew if |
evol ve

apj d to reach its final perfor nces at th nneal i .ng
enper 4061 BSOS SRphe BPNEREHGY: B PEHORSRoNNga i SCaRiFalE 7! the
subs eql@@bfpbséﬂﬂéﬁé“ﬁs copefitatihg thaVbhficlcoadt é]éﬁ?édesﬂ?ﬁél btvrhie &ntact thus
perfor nance as i s desi red Three enbodi nents of the invention

wi || ndamped ieseid; I9ele appn ialiayed’ FaliEEReico i kRS ReerMbspreseiher gnon
| P OV e P bRt OBLAGEE of fREBLSndreases the reliability and fifetime 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

ahove, 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 IH/N

materials of the structure and to not lead to inhomogeneous ohmic contacts. Indeed,

13



A strueture successively conprising a sem -conductor |layer 1, a
buffer |ayer 2, a channel layer 3 to contain an electron gas, a
barrier | awerzods/ena+a superfici al Iayer 7 is first of akdT/iBROUBOD7RY a
known technl gue such as MBE or The barrier layer is nade

of Al&N a rese al t

250 8 ARG SEIOn apé a*‘%‘a#&gm%é’{? L RGREL g, pERHERASth I, |

ggrl Er9 i efnelt@lyﬁé ﬂmsoth@sthrie@rlnap blueg}& @ﬁnpémmfmmtmuessérlymdlﬁmﬂmﬂ,
atomscrrlsatte evel of, the sur e 0 rier |l r.4 in

Lhe | A G kB HotreRTr o8 Mg EioNeg reoRiactor i SRk d i o

1021 ahgiBehe the formABIERK | Ach adiepsdli di8cticidsher Se68Indi@lede elatroues.

enbodi nent descri bed above is then perfornmed. For this purgose t he

st r uct daseevars tydthigh dermal @Uﬁ@%tctké%ﬂ% tp e @ﬁﬁf@lda?@ﬂf anaderigly dnds 9y thgo
m Ut efed i PmbN@ e éeof({h‘ésé’l%%frbn’{ﬁ' QUdbPEAPIL! ARG -
Etching 0O the Su

I'Cial |l ayer orne the location
schedukedtakcts. t he drain and source accordlng to a known techni que,
and the el ectrodes are then deposited: the first |ayer of source
el ectrode 5 and drain electrode 6 is deposited in contact with

barrier |ayes génedal sefmee Amaedhd Bgcdrdinghtenhe arveatiomdivat the opportunity
tenperature of 650C for 30 secopds to 60 r{%nut es, The ﬁa§5| vati,on
| ayer Qh&tapiidng the SUPRRFHETS rRRSEPIMRAECD RFiTee SMCHER Fpits i RERedUiehiSs

exanpl @;drar 3R h R which Willo® pfiiliceERR Y Material dunn@u@ér\lﬁé ldfr@cture W|II

succe55|c\j/el y conprising a sem conductor layer 1, a buff ¥ ,
channelBVDh@en’apﬂiiY docisachi ite dinake pedemarncgasa then appeaiing ggrgper@ Whd(fer

2" weEehr et B Bes ot o e fin ) 2R TRSuDLeq, oY e SR BBa S

an al um verigrenstabiity ob pprfosehchetsisdrsitdd.and 25%

Three embodiments of the invention will now be described applied to fabrication
of a HEMT presenting improved chmic contacts.
Example 1:

A structure successively comprising a semi-conductor Jayer 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%.

Implantation of aluminium at high dose is then performed in barrier layer 4 so as
to achieve an aluminium content of more than 10" atoms.cm™ at the level of the
surface of barrier layer 4 in the lattice of the material. The implanted 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 NH3zN; 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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Et ching of the thickness of superficial layer 7 and of one third of
barrier layer 4 is then perfornmed at the |ocation of source 5 and

drain 6. Fwo wbd/gpostechni ques known to the person skil | striBaodshen7ss
trade are used, such as formation of a mask foll owed by performng

o/ SO P AP Ighe Rt an o PR SELRRES S ARb Bt

an i npldgsatd ésr 3 edddreiswb BD AinoRél num at the surface of barrier
| ayer 4. The inplanted al um nium content varies from 10" to 1021
at oms. cm 3?“?(9@%&’?@91" et ARd gpied ar@dggn famsten performed in the same

vway as fH ShralRlofitakt obfnd®mithis! @nthé IsCaudue oL 1R 8lpdeR@Res anneal ing
at a tenperature conprised between 750 and 1050C for 20 seconds to 30

mnutes in a neutral gas atnosphere. Lastly, the passivation |ayer

and gatéi?ﬁ]_ﬁé%for med.. In this exanple, the ohm c contact obtained is
about i Exanpl e 3: A structure successively conprising

a sem - éonALatthturbasyxeceésiveAy borhpasing ayemizonducibalayel 1) apeffeSayer 2, a

contain,an electr as,.a barrier layer 4.and a superficial .layer -/
o v SPRBRSEYen &t R o FIRsAn ceR A it daest £ ER T GiePa e 7
The barig gt of aly R¥rmictl BRE &nelvn AddhalyuELicAreSMBESoranoa@\n ni um cont ent
conpri sed between 10 and 25% An encapsul ati ngagr otective |ayer

14 made frdheabamieeripyer dudnade o H¥sq) B NYeFLHSs eRarIHBINIEM, RRpFENt

formed QmdiRis b%%&%ﬁ YH&nd 25%. Co-inplantation of al um nium and

silicon is then performed so as to reach an al um nium content of nore

than 1019 ktahing oftl® thicknkes béeeperii¢iat lagerstiehdcd wte thig df derieryeyers

in the.materi ti] - 1Nl el + sl i : t

can be |€§19§1 Op%b‘?egi %trcj}@fa Clc}r;%la\‘i)l_o'nrm s%mc%ds QL&' ardih &TFor ﬁ'h:-L», tg&ﬂmﬁ%}. Gftwn
to the person skilled in the trade are used, such as formation of a mask followed by
performing dry -etching or wet method etching, for example KOH-based activated by
uv.

Aluminium is then implanted at reduced dose so as to obtain an impiantation
profile with a maximum at the surface of barrier layer 4. The implanted aluminium
content varies from 10" to 10?' atoms.cm™.

Formation of the electrodes is then performed in the same way as in example 1.

The resulting structure then undergoes annealing at a temperature comprised
between 750 and 1050°C for 20 seconds to 30 minutes in a neutral gas atmosphere.

Lastly, the passivation layer and 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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Anneal ing of sthis structure is then perfornmed at a tenperature of

1050C for 30 mnutes in a N2 atnosphere, the surface being protected
by t he encwgsubsatzoosg | ayer used for inplantation. BFOWwBpaNsloat7sng
protective Iayer 14 is then renoved by any suitabl e neans avail abl e

to the per |IIed| he, trade. A passivation |ayer of Si3N4 is
deposi t ed. Coinmplarietan o A B Aidesl Oéusrtaaasoe&@émaepwsa%éwam #

form Ofalém%r&ﬁﬁéﬁt'd?ﬂné‘rfe ﬁﬁbn/m"ﬂ atomB.crh> A 1R [aTh! &f 1h! squcé ofHarrier

| ayers. Fi nal Q:“‘y a second annealing is perforned at a

t enper eyt BY thesoderial ladiges Ebe maplantedzauminiumes sitien eenterheambgup to

al | oyed tlacts. In this exanple, the ohm c contact obtained

IS abou}@hg&cgngeﬂb 5Dmn CLAIMS 1 - An electronic device

successi veIAnr(eatnpg Dv’stmsgsfrumima issheaperiboned st amen'naefature ] ‘Eﬁﬂ@ﬂ@rfbr 30

layer (1 n cont.ai n S

barr1 e T inc A SinasBlEt. e sumae beinn Pade Bt (HeureRpubtfoarehy

a supermfbmmlgﬁtaﬁ@n alloyed netallic Iayers a first Iayer of which

isin contact with the barrier |ayer 4%] characterized in that the
B8R

barrier | ayéicapFdating Pratectivg d?\VQfaM a8l t BEROMeEg Py ety Gy itaklp garabhe
ohm ¢ c&ygﬂggfe t@kﬁ@h}é%@'ﬁ(ﬁ)ﬂeﬁﬁﬁ tq@trg&gl on conprising at |east one
netal selected f ormng part of said superposition of
met al | i ¢ | &ypagsivation layer of SisNy is deposited.
The drain and source electrodes are deposited in the form of a superposition of
Ti/AL/Ti/ Auor Ti/ Al/ Ni/ Au layers,
Finally, a second annealing is performed at a temperature of 650°C for 30
seconds to 30 minutes to form the non alioyed ohmic contacts.

In this example, the ohmic contact obtained is about 0.15 to 0.5 Q.mm.
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2 - The device according to claiml characterized in that |ocal
alloying (12) binds the contact region (10) and the first |ayer of
the electrode (5). 3 - The device according to claim1l or 2,
characterized in that it further conprises at |east one Schottky
contact electrode (8), a superficial Ilgyamg7) on the barrier |ayer
(4), and in that the channel layer (3) is on a buffer layer (2). 4 -
The device according to one of clains 1 to 3, characterized in that

t he cont act i < i Usi vel.y: 1.C

cont act 2I elg{1 %%’lcfgr% F grll%esse%cgﬁﬁga? ﬁ?ﬁ‘@éﬁ@ﬁﬁ”ﬁ@&%g‘% teot J'ﬁlsc hess of

t he barrir@rsupgagedayes1)and i n the channel layer (3). 5 - The device
according to one of clajns 1 to 4., characterized in that the barrier
| ayer (4) aacﬁlgnpﬁléa%q{éhﬂgq C?é@'gra"(%l?d&%?ﬁ’se at | east one materi al

f rom gr oup Bdrtierdageri(4) r ogen, the contact region (10) conprises

al um ni um ﬁfi{tani um, nol ybdenum tungsten, ruthenium and/or tantalum

of whi ch- GbIRAShENE ShERREONLAC SlRatiaded DL BIbedrky 2 6uBeROBiEN Ghan aoyed
The devi %tﬂﬁ@%@ié‘@fﬁ&lﬂe@bﬂhﬁichﬁ@ﬁf@&ﬁﬁt'vﬁﬁ%}a%aaﬁr?tla)fa{??)com act

region (10) further conprises silicon, the netal SI on content
conpri si shamnterzed rotlsatdhe beodar layensresents.a region dalleddeonitast region (10),

di . cl.aj N in.th h
ogi on ( 2835 FESafinic® SBER: biechollecey BT afybA o el BE b R 0 Bt
The devi eeleateddrah ttys metals dorafing bait wé sdidtstipérposhiahar hestaliie thyers. t hat

the barrier layer (4) is thinner under the ohm c contact el ectrode
(5) than in the rest of the device. 9 - A fabrication 'nethod of an

el ect r onizc- gAY ideRiceCadRdifid 16 cldi® B thBfactérized in tat (b4 rﬂﬂb%iﬁ? (9%) Binds
structure conprising a support | a channel layer (3) to

ayer (1),
contai n Hif @detrewogd0) anthths fﬂ&%ﬁY@rOflt%@@PCKfﬂgt? ). "b) formation
of at | east one ohm c contact electrode (5) by deposition of a
superposition of non alloyed netallic layers a first layer of which
i s i n codt-ache devihe tseoising toetlaimaferr 2A4Agharabtertzeddnithatlit furthdraomprises

bet ween e ‘). Sy pertor f creati a .
contact Fogaahoe BRpi sdheledrode Gor by Brer S Bhufi bBeisniaver
el ect r odeéd)( &nd ircthapihesihamnal lapeaf3) sedrea tbatef mosn 2he netal s forning
part of said superposition of netallic |ayers,

4 — The device according to one of claims 1 to 3, characterized in that the contact

region (10) is situated exclusively under the ohmic contact electrode (5) and extends
throughout the whole thickness of the barrier layer {4) and in the channel layer (3).

5 — The device according to one of claims 1 to 4, characterized in that the barrier
layer (4) and the channel layer (3) comprise at least one material from group il and
nitrogen, the contact region (10} comprises aluminium, titanium, molybdenum,
tungsten, ruthenium and/or tantalum of which content is comprised between 10" and

10%! atoms.cm™.
6 — The device according to claim 5, characterized in that the contact region (10)

further comprises silicon, the metal and silicon content comprising between 10" and

102" atoms.cm™.

17



and in that after step b) a step b') is perfornmed of annealing the
structure at a tenperature enabling at |east |ocal alloying (21)
between the material of the contact region (10) and the material of
the first layer of the electrode. 10 - The nethod according to claim

9, char agt efi ' : ; ' i [ or_ it
barrier ﬁayyr]é Vfcgfatcra&? Fq"iigﬂo°@%)8f%@§@§f6e&%§h§# %g‘r&n&?ﬁnﬂelﬂﬂ%tttggsconta‘:t
form ng pagitn OF0) peestnisipengdsuti metadtomehbdd itsctop aufase. t he net al
content being conprised between 1019 and 1021 atons.cm 3. 11 - The

met hod according to one of clains 9 to 10, characterized in that in

step a') gsiTheQRvice ddtordll té @ReioMRiAAE ebio T NehdFBERIiZ2RGNSthht SN barrier
content inplanted being conprised between 1019 and 1021 atons.cre. 12
- The netaygd (Acisothinngy Wrfesibedhraicasardad ¢lectiode (haihastiarihgewst af the
that betwggp.step a') and step b) annealing is perforned at a
tenperature conpri sed between 700 and 800C in a NH3 atnosphere. 13 -
The nmet hod according to one of clains 9 to 11, characterized in that

bet t d a' t ' er (14) .is,f. d th

ot uetur 8- IpteaRBE nftihed LR ERkbNE efiee) cdmitsind s S ERReR or med a
a teMper at ur#) fopngtidrseta Bertivencaiprising aldipport [dykr-(1)] RechzrinePRyer (3) to
accordi ng to.,one of clains 9 tgagL haragcterized in that the

3
anneal i n optaifsl elegiran st-sff%a MSr A¥eeSY: t han 750C. 15 - The met hod
according t %Joﬁﬁnﬁfioﬁkﬁ" aBlelst 8nd bhriiBadatARr did&fbdan (8)NBY dePBsifar dred
| ayer (4) and channel | a?/er (3) conprise at |east one material from
group || Burgigositien efean alloyed metallic layers a first layer of which is in contact with the
barrier layer (4),
characterized in that between steps a) and b}, a step a’) is performed of creating a
contact region {10) in the barrier layer (4), under the ohmic contact electrode (5),
comprising a metal selected from the metals forming part of said superposition of
metallic layers,
and in that after step b) a step b’) is performed of annealing the structure at a
temperature enabling at least local alloying (21) between the material of the contact

region (10) and the material of the first layer of the electrode.

10 — The method according o claim 9, characterized in that step a’) comprises
implantation in the barrier layer (4) of at least one metal selected from the metals
forming part of said superposition of metallic layers, the metal content being
comprised between 10" and 10?! atoms.cm™,

11 — The method according to one of claims 8 fo 10, characterized in that in step
a'} silicon s in addition implanted, the metal and silicon content implanted being

comprised between 10'® and 10*" atoms.cm™.
12 — The method according to one of claims 9 to 11, characterized in that between

step @) and step b) annealing is performed at a temperature comprised between 700

and 800°C in a NH3 atmosphere.
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13 — The method according to cne of claims 9 to 11, characterized in that between
steps a) and a') a protective layer (14} is formed on the structure and that between
steps a') and b) annealing is performed at a temperature comprised between 800
and 1050°C. '

14 — The method according to one of claims 9 fo 13 characterized in that the

annealing temperature of step b’} is less than 750°C.
15 — The method according to one of claims 9 to 14, characterized in that the

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

and nitrogen.

19



