ELECTRONI C DEVI CE W TH CONTROLLED ELECTRI CAL FI ELD
Field of the invention The present invention
relates to an el ectronic device based on nmateri al s of

the(é,r %III/N such as a rectifier or a field effect
POMLYEEBF, for exanple of the HEMI type (Hi ﬁﬂT’Em“sm“z““
El ectron Mobility Transistor) or of the MS type

(Metal Insulator Sem conductor). 5 Background of the
i nvention The materials of the group Il1/N such
as GaN for exanple, have piezo-electrical properties.

I n an ELECTRONIC DEMICESNDES CONTROELED IELECTRICALEFIELD
group I11/N, a 10 spontaneous pol ari sation exists
whi ch creates an electrical field that is inherent to

t he Figld S¥eRk iventigiet ri cal crystal l ographic structure
of the natertal. Nboreover, another piezo-electrical

field i sTBPsRi'eﬁ?fHu‘é‘%%FtW felaestpr @ alctonicegewse based on
pr esrﬁéﬂerlélg otf*ﬂﬁe ngpremﬁmtsdcﬁyaeg & r8étifleh 6r %tfre%ﬂeﬁé& traHistor,

el ectri cal iezo-electrical nature 1Is
subé'@manmle ybf MEthym (tigh Elecitant Mokiliyf Trangistoghvared the

S MBS (ke heDtor St et ohing for exampl e.

t he ces of the electronic
Gevi ces, it mould be preferable to be able to contro

t he éjalcff(‘i ;,'; Qm ng g |fnv5nﬁoﬁl ectrical field on the
sur ch is to say to be able to
create, Whehmatepalecifsthe syratip dll/N ssehl at iGaN foregxamslephave

the surf of, the device where the 20el ectrical field
IS \Bé%ﬁ? quﬁtac%lpﬁ%?erﬁ%sgl ons where the electrical field

i s strontnh an electrorid) deeicerigased 60 rhatgtle of, the hgoliy A#/N, a
el ectroni c de ce that thﬁcbnventi on i

tends to .
1 o RBOREn S AP SS A BRS B WhIcH RS AR SIC g 46 that is
sur flm@entatosmpﬁm deﬁtf@fsyﬂmnélrl&Hchfrﬁta"o'gYﬁfhKZ,stracture of the
channel Ia er 3, a barrier 25layer 4 and a superfi

al
| ay dratorialTiaseqnay; @BOHRY PiezeFIodisH ekl nalsAguced by the
Conteffdred @@égs@:gepr@s&&dlnathﬁca%%ﬁ 16OEYs 361 tHR! §ﬁ’&6t9r%e This

8. t he surface of the device, it is neant
t he algnyigal rr a&?em‘ BPiezREleRiNGat @ature s sHpsianiiply copstant on the

15UP&YfthEd 8t thb¥¥Gice/as PR 2s\k ABt SbBFEH BY&IcHTRY foP &xample.

However, to improve the performances of the electronic devices, it
would be preferable to be able to control the distribution of the electrical
field on the surface of the device, which is to say to be able to create, with
a precise spatial resolution, regions on the surface of the device where the

20 electrical field is weak, and other regions where the electrical field is
strong.

In reference to figure 1, the type of electronic device that the
invention intends to improve typically comprises from its base towards its
surface: a support layer 1, a buffer layer 2, a channel layer 3, a barrier

25 layer 4 and a superficial layer 7. This device may also comprise an ohmic
contact electrode 5 and a Schottky contact electrode 8.
By the surface of the device, it is meant the upper layer of the

device — in this case, the superficial layer 7, onto which electrodes may be
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surface may be flat or not (for exanple if it has been
et ched) . In order to make the follow ng
description easier to understand, an orthogopnal

PORMEES (x v, z) is defined that is attachetErg08ee

device. The 5 x and y directfons define a horizontal
pl ane, parallel to the base of the device, the z
direction is vertical and is perpendicular to this

pl ane. This reference wll be conserved throughout the

des@leppéitedn. This surfdde @eijebe! flanhennsediorngxdmple if it has
opti m se the per formances of such an el ectronic
devib€&N &t¢hedy the structure and the electrical field

of the Imé@@rt&ﬁiakéqhe %I@vvﬁ'@iﬂégcnbﬁbrbéagéﬁ ioinsRAstaRd, an

|tszaX|s which is to say I Mprovi n t he structure
al o@@thpgenal rgferanegdx, v, 2) is dqﬂﬁ*@d thetdn @itaehgst ogbe &evice. The

pt ')J%ﬁcg ty : oﬁ@r’i§ Qeﬁf?@‘éeﬁor%n C?I;%I%V'p%?all%ﬁ&rtr% Bsd Of the

e surface of the Vi ce a conprom se
bet iset the :f. direetidmig vswiiesl raarins @ermdlcmﬁréﬁéms@l@e This
goo t te a weak
el egﬁél%c}%% the)\gggl nt %{Hgﬁup%, I Cla églcg tEoﬁH close to the
surface [f genarhl, svheorgeekiag toefpélrresa:thenmﬁcmmanmd guch an

t he qf shi. hi Ik
o AR e R RME S B S BB
:ul;ul yaré@@ﬁght to Heuoptmaisewireits tzhecisr)wﬁermsetooefayﬂ@r mh;treinng the
L.ons N superficial layer and in the

the 20
bar rﬁtﬂe‘F uf%?’QPgi'tga?'Skr}?@savoi ded as they inpair the
oper aL | Oflhefinh\tehﬁorﬁi @rdpoees to optimitbehé pedotmanteprof tias ésvice
to achieye this ose jntaining a stron
ol e EFPEITO it W R e RurPLy PORE Srikaldy sBeterpdisg between
Iayqnem;gm,-@obdngtrg[h% free zone of the device (wherein
the free zone is the part of the surface of 25the

1§evi ce wr tACINSUEag1aog iy contact, the aimds (i £reaty @oweak
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cr e?r@ves reh%ljty of GaN HEAVTS", @Eﬁnpﬁdﬁgtsrehﬁt%ndﬁjbﬁlr djuP2ddes.

free zones ch is to say int 0 regions between
t he ohni e Fooherauree| thet moekenaad of heasdiRbt eangusiionsadn the

20 superficial layer and in the barrier layer is to be avoided as they impair the
operation of the device.

The invention proposes to achieve this purpose by maintaining a
strong electrical field in the regions of the superficial layer located in the
free zone of the device (wherein the free zone is the part of the surface of

25 the device without an electrode).

It is therefore proposed to control the distribution of the electrical
field in the superficial layer in function of the regions of the electronic
device, which is to say to create:

- a strong electrical field in the free zones which is to say in the

30 regions between the ohmic contact electrode and the Schottky contact



WO 2009/ 068566PCT/ EP2008/ 066244 3 el ectrode when the
ohm c contact electrode is on the surface of the

device, and - a weak electrical field below the

Schot t contact el ectrode. Dopi t he
@968‘%9%%? | ayer is known to generate an ad%qwlgﬁ%"“z“
5e|ectr|cal field init. This3field is conbined with
the piezo-electrical field and allows it to be

nodi fi ed. It has been shown in particular that
strong dopi ng of the superficial |ayer cancels out the

el e@lgctreaé e dhé ohintic ddptwyY edlectidde lsnemnthepsdriace of the
nmet hods only permt the honbgeneous 10 growth of a
dopé'&V'Pﬁ on its entire surface (which is to say

with a Saﬁ‘@ve%ﬁ'é’?&'fﬂdaﬂﬁél@'bem e dMatRY boakidSctiote. Y)
of this layer) he epitaxy is carried out
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fi elalows ittt be snodifiese of the deV| ce, one envi saged
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control | ed man
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ocal i se | to adequat e_.s
resol ut | iﬂ BBesl ?faﬁrr@ﬁ Bcaq'ﬁe fﬁéﬁ? W'Szﬂ)qt'ﬁa m&'%ﬁ% ) o
| NP g ekl Gkl aPtROsPRE 66 tHes d6WIBE,T Ghd @elwaagéchanethod
scal e 250f around 100 nanonetres and the i npl ant atj on

1pr ofqud e telidepe ithei lEdCt!i® iNHe COFalPManneauFIereyArecisely, to
di Stdsb%b;ﬂng Whdiht S BRdRrREs @F B detie, tdtrZcdhdi parts of

Such an inplantation necessarily |leads to the dopi ng
of dhipeYifeee-situated in the depth of the device, but

R e T e
the z direction of the depth of the evice, as all of the layers whlch form it
20 do not necessarily have to be doped.

However, the known methods of implanting or diffusing a dopant
through a mask do not pemit localised doping to be obtained with
adeqguate spatial resolution according to the depth z.

Indeed, the implantation of doping species is controlled at the scale

25 of around 100 nanometres and the implantation profile is distributed in the
form of a Gaussian distribution which extends according to the z axis.

Such an implantation necessarily leads to the doping of a region
situated in the depth of the device, but will not permit the doping of the
superficial layer 7, of which the thickness is typically between 10 and 30

30 nm.
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Therefore at present there is no nethod which proposes
or allows the electrical field at the surface of the

device to be controlled differently accordln
W@ i ﬁgssgq the superficial |ayer. WPZPW@“Z“

pur poses of the invention is therefore to control t he
5di stribution of the electrical field within the
superficial layer with a spatial resolution according
to (X, y, z) suited to the dinensions of the device.

Bri ef deSkgrefure @b pedsehbehdrave nbd irmethod WHictpproposes bs allows

achi eve ) f or mat i n at_the surface of

o2 Slsetel g ot 57 shns bhbecis e G be Snatolka diterenty
el eqkedrail t8 HPRIGIdreDf theSRFHidl laydrhe el ectri cal
field - are, froma top view, .different according

the diff P& ’ihégﬁ"dfﬁgs‘?ﬁ of fee dvgnti@n is therefore tpncontrol the

§ 0 MRSt B n Wi the eRRtricAY RBIHT Within e LSS 619P!a‘r3erdﬁ/}€h GFs |ba°t1a|
proposed conprising materials of the group

s uc Eesolijtios| agcersing: lodikny 2 suited toshe Sismensionsefitas devies.
surface: - a support substrate, - a |ayer adapted to
contain an electron gas, a barrier |ayer,

a sBuiefdescriptionpktheiventiong on at | east one part of

the. surfsig Slpdtk e BALIR by Mmaton ot YPLRIkd Bt e

device is C In t e Su er iIcia yer
1bas dewicel efcar layat dfi whnthofheMstrchturm@m:iu efezirical spropertles -

cOnLEBLASH B8 A B ok 1B T B R
t hathe qiifferesnemymsrcﬁgln@deﬁéet he superficial layer. 25In
ZI 2?{ :: g gcgrkgllan%g%{Iﬁatgie(]lﬁenq%ﬂn%n elecrEronlc Iié\ﬁcr:ee Pscgmi%];sed
comprising materials of the group 1I/N, successively comprising from its
15 base towards its surface:
- a support substrate,
- a layer adapted fo contain an electron gas,
- a barrier layer,
- a superficial layer extending on at least one part of the surface of
20  the barrier layer,
wherein this device is characterised in that the superficial layer has
an electrical field of which the current is controlled so that, in at least one
first region of the superficial layer, the electrical field is weaker than in a
second region of the superficial layer.
25 in a particularly advantageous manner, the difference of electrical
field in the superficial layer is controlled at the scale of one nanometre.
According to a first embodiment of the device, in the second region,
the superficial layer is formed by the superposition of a "covering” layer on
a "surface" layer, and in the first region, the superficial layer is only formed

30 by said covering layer.



field in the superficial layer is controlled at the
scal e of one nanonetre. According to a first
enbodi ment of the device, in the second region, the
superficial layer is forned by the superp05|t|on of
WOSBOHE* | ayer on a surface layer, and i T’Fi’ém“smﬁﬁz‘“
first region, the superficial® ayer is only forned

30by said covering layer. WO

2009/ 068566PCT/ EP2008/ 066244 5 According to a
second enbodi nent of the device, in the second region,
tpe supeatdariiag tlbaa’%cdbﬁd feﬁmﬁ?@‘}t éﬂmedeeoo.sithé @@ﬁond
of a "coverin ayer on "syurface" |a . i,n the
fi rgegl%gth%ﬁug@rﬁ@a @y@fﬁfgﬂaﬁ P¥yfee spige ¥ o ﬂ9 ‘PRering”
SUPEIyRP Bt & O8Lrfices Fydr CANETH tHe irdY Région) tﬁéfstup@Fﬁcta‘Fﬂ?ayer is

t hi ckness 50f the surface | ayer. Accor di ng
ot h&mMesda hesUpramostionof seidceovering lryeren pag qf rﬁhe thickness
§°”Bk‘1ﬂr%”§ﬁ'f %H}ephe i nvention: - the materials

e surfaace l'ayer and the covering |ayer conprise

at | east Acersdingt &0 i etheof pessiblgr chgracteristiosd oki theogigice in
10 é&@[@ﬁéﬁ@ﬁﬂftﬂﬁ%@é{%ﬁﬂs a dopant content of between

and the covering layer has a
dopant cotheemateoblsihadttivg eurfacel @y amdithe. dyedngiayes comprise
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1bhe surfatre bajaoe [ayelr hde acdnpant sontealy ef betmeenetend 5.10"

t he 15rra in the fi

i aRETgToAn e Boveringdeyeris's BTt Ralent SEhdVegh B

and ahhami? atdms/cm\"*/ awharginl thy ophst dueitevter tHe aowbriag laver is
the barrier layer is thinner

under ,th e
thaE" W& h@t %féﬁgﬁ BV 20- the device further
conpri ses i slfasd 1298€ aRdThE covdtaflayel afd hede eMthedsame

1§Ch%€z§tgr¥alcom act el ectrode;

- in the first region, the thickness of the surface layer is between 0
and 10 nm and that of the covering layer is between 1 and 20 nm;

- under the first region, the barrier layer is thinner than under the
second region;

20 - the device further comprises at least one ohmic contact electrode
and a Schottky contact electrode;

- the Schottky contact electrode is advantageously located above
the first region of the superficial layer and the second region is the region
of the superficial layer situated between the ohmic contact electrode and

25 the Schottky contact electrode;

- the surface of the covering layer has atomic steps separated by
plates whose width is greater than 2 nm.

Another purpose of the invention relates to a method of
manufacturing an electronic device comprising materials of the group I1I/N,

30 said device successively comprising from its base towards its surface:

- a support substrate,



the Schottky contact electrode is advantageously
| ocated above the first region of the superficial
| ayer and the second region is the region of the

superficial |ayer situated between the ohm c_cont

act
BPSLPO6HE and 25 the Schottky contact el ectrgﬁmm‘)"s’"“z‘“

the surface of the covering | 8yer has atonic steps
separated by plates whose width is greater than 2 nm
Anot her purpose of the invention relates to a nethod
of manufacturing an el ectronic device conpri sing

mat eri al sa styet' baa;gea tgp chrthinan deswdrtigatsvi ce
successi vel rising fromits base towards its
surface; ~@b ”'éeu &ft substrate, WD

2009/ 068pheREAT/ m%gf&@62§%h§ractéhéeﬂ)’ﬁf tﬁQtaWﬂ esklddes the

contain an el ectron -a barrier
whef@matien; en Hha 'h%f&ei @Vﬁheﬂf Q&L&em "’?W"ﬂ’h&’h'cﬁtthe electrical

Enclg Hﬁleé chAffolleRr PO Th aPI@aﬁthtﬁ'n PRET feBlon' o'ﬂl% su ;531'? élai Iayer

superficial layer in which the electFical

conthe ejasiicab fieklals, weakest theadsta greornd region @@uthm S@perf icial
t he ac%perfl cial layer, the electrical field is weaker
than in a second region of the superficial |ayer.

Accor di nfceardiagfiprasiirst impblementation o thef metfwdnthen fadmatione of

for R0 SR Rl Ve SHRBHSLE VR ol GYRG SRpaDr | ses the

f ol I'oOW e epltaxi
18ur f ace apiherepiaxibhgrolyvér of @sudfa:;edayer on the batr)erﬂd)er

et "0 B 2 BRSPS e 14 R Bl R A,
t hi elresis sald ttdrehds Bﬁﬂkﬁldrﬁ)t&f theStblckdiws o thieesirthes! layer, so
thi ?haq%srsés%La!Stlechgses ofa sYJ(?frace Fayer renﬁalns
c) epitaxial regrowth to grow, on the resulting structure, a doped
15 covering layer,
so that the superficial layer is formed, in the first region, by the
superposition of the residual thickness of the surface layer and the
covering layer and, in the second region, by the superposition of the
surface layer and the covering layer.
20 According to a second implementation of the method, the formation
of the superficial layer comprises the following steps:
a) the epitaxial growth of a surface layer on the barrier layer,
b} the etching of a trench in the first region of the surface layer,
wherein said trench is deeper or equal in depth to the thickness of the
25  surface layer,
c) epitaxial regrowth to grow, on the resulting structure, a doped
covering layer,
so that the superficial layer is formed, in the first region, only by the
covering layer and, in the second region, by the superposition of the

30 surface layer and the covering layer.



c) epitaxial regrowh to grow, on the resulting

structure, a doped 1l5covering |ayer, so that the

superficial | ayer is formed, in the first region, by

osition of the residual thickness gf th

g’ﬁ’rzf’%?z gyer and the covering |layer and, i ngi:ﬂgpz%osmsszu

second region, by the superposition of the surface

| ayer and the covering |layer. 20According to a second

i mpl ementation of the nmethod, the formation of the

superficial |ayer conprises the follow ng steps:

g) t he eDiuﬁag(isﬁp o) @‘aﬂfbfGﬁ;aahﬁIanéQCﬁf tlha)/n&;rn@rniatjhlemﬁy also
arrier |ayer the etching of a trench in

t he b,eqtgl?ed\r/ggqeéﬁheoﬁrs { B9, r face | ayer, wherein said

trench is deeper or equal in depth to the thickness of

the 25surface | ayer c) epitaxial regrowth to

gr olriefdescpiptign ofthe drawings: yr e, a doped covering

bayer,  The invenfiéh! Wﬂi Eé‘enﬁ#@eElfehﬁj/ alindérébod! Sand other

formed, in the first region, only by the coveri ng

| ay @dvaniages nanch efegises dvill e §e oMorey obvieuss Jpwn pihs tipliswing

oSS ERBH S B Bk ol Y ipieByatons.

par tfroos thetrppehded deavéngs ambag Baahi er | ayer may aI so be
et ched un { f e [0t | :
oo S5l 1.8 E SOt b0 B oSTEHTG BBl of e
londerist edd, and ot her advant ages and features will be

nor e obvi fall sev
enbodt mendGiie? i Erase Senfeaiess §latta B! ffrent
ap psstetedodih@nwnagsfaatues of whi eilactromc device in comphargw @ith the
is a cross sectional view of an el ectronic device of
the"i‘{?ﬁ\?PB’r art, - figures 2 to 5 are cross

secti onal figueVe id 4 klmsilaedn Ogvé e il élkerieatfietd RPS fish region
the manufacture of an el ectronic device in conpliance

L3i t 1T EedeisRent i on,

- figure 7 is a simulation curve of the electrical field in a second

region of the device,
- figure 8 is a cross sectional view of an electronic device in
compliance with a first embodiment of the invention,
20 - figure 9 is a cross sectional view of an electronic device according
to a second embodiment of the invention,
- figure 10 illustrates a HEMT transistor in compliance with the

invention.

25 Detailed description of the invention
Firstly the basic structure of an electronic device to which the

invention applies will be described, from its base towards its surface.
In reference to figure 2, such a device comprises at its base a
support substrate 1, whose role is essentially to provide the rigidity of the
30 device. The support substrate 1 is made of a semi-conductor material or

not, such as for example Si, SiC, GaN, Al:Os or AIN. The substrate 1 may



figure 6 is a sinmulation curve of the electrical field
ina first region 150f the device, - figure 7
is a sinulation curve of the electrical field in a

second regi on of the device, figure 8 is
WP&&%? 06%8%i onal view of an el ectronic devi Ceng;{Emuosmsszm
compliance with a first enbodfment of the invention,

20- figure 9 is a cross sectional view of an

el ectroni c device according to a second enbodi nent of
the i nvention, - figure 10 illustrates a HEMI

tr arw'embera tompesie! substratevéuch dshan BO! €Bilic@nOn Insulator) or a

escri n of the invention Firstly the
bas[,)esf’ ﬁir%fl Bé'ﬁg\ el ectronic device to which the
i nventi OllfhélI@.Qb;bcﬁ‘SsNbsltHaté’@ isleseréd @th lﬁtﬂ‘f@rlléyier PasRl a layer
towards its surfa Inreference to figure 2

sucr@dap@évﬁoc@n&%wﬂu elgeiron 9@% sThesedwa laygspanay be distint, in
SUbsiHidH %aée tl‘*i\é1 %}aerréﬂa%técﬁ & ORI #hd )éléc‘f’roﬁré’éﬁ @géﬁ'@rally

rigidi tg/ ' device. The support substrate
mad&aleg "a:hgéﬁel lamta gcHewewen Ers$ alsoqrosaigte thet these dwe dayers
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conﬁmacbatélmmteréace witic theczarder iggr 4, 8 peaghaelectron gas to
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suppor SubSt T4t 8 i's covere ayer
1and bmxffbrabager, bydpe élétarojwmhbarfmrrmd withe thter tomrigrafayer‘l’ dthout it

ers .ma ch case the | ayer
ada FETY f8&¥'?5?r°d?f l‘ﬁ?@ tp?g’Hé‘a'a s general ly
cal | ed " Thamoekr laggeR hald. gddaverystaljographic qablitp apdgsopdrtes
that these, t | ayers are rged, erenth uffer .
| hoadepERcta e eDEkA, BB el ot i B et WhIGh iy it 1t
t he therersré amwﬁefbryaglldgaém@trahay@i bétwekn the émgtoralayer 1
el ectron as to circulate. In this case, the ¢

15s &adithe yey fermes %B@rbl’&izﬂay@f 9 he ensured. The bu#er layer 2

is formed by a binary, ternary or quaternary alloy of elements of the group
lil/N, such as for example GaN.
If the buffer layer is also adapted to contain the electron gas, it must
be made of a material of which the forbidden band is weaker than that of
20 the barrier layer to allow the formation and circulation of the electron gas
in it.
If there is a channel layer 3 distinct from the buffer layer 2, it is
made of a material of the group lII/N gallium based and which may be a
binary, ternary or quaternary alloy, such as GaN, BGaN, InGaN, AlGaN or
25  other, with a forbidden band that is weaker than that of the barrier layer.
The role of the barrier layer 4 is to provide the free electrons to the
structure; it is the donor layer. The barrier layer 4 comprises a material
formed by a binary, ternary or quaternary alloy of elements of the group
llI/N. The choice of the materials of the barrier layer and the layer that may

30 contain the electron gas is free provided that the material of the latter



10 buffer layer, by the hetero-junction fornmed wth
the barrier layer, without it belonging to a | ayer
distinct fromthe buffer |ayer. The buffer |ayer

h 0 crystal |l ographic quality and prop | e
éggﬁ%éogssgg the epitaxial growth of the other '%%3%8’%6244
which cover it. It therefore &llows the
crystal l ographic transition between the support |ayer
1 15 and the layer formed on the buffer |ayer to be
ensured. The buffer layer 2 is forned by a binary,
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In
lef r?'ﬁ%@it‘%%??@dﬂ@? QP@'%F“O”O layer scale. 5) forning by

epi taxy @he widthafee Iréy@ 10 thadtior Qﬂarﬁ;bléfb@%rféfctlji B ned on
5structure previously described (refer to figur
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78 \Yatd meseies FateRAY 250! AN the etching iy BdcaRbE roﬁf‘fbefoﬁ‘rﬂ a
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one tieagh 6h2ef nfrasaur f ace | ayer 7a, to create at | east
8?25 gf”tBE "é&ta\‘gdh%ﬁgi; ﬁ\tegg “E-.g%hetgﬁte é@%bha st8d¢akici R after
a technological step carried out on a layer obtained by epitaxy.

The technological step may typically be etching; this generally
involves an operation that requires the epitaxial growth of the layer to be
interrupted.

25 A reminder is made that epitaxy is an orientated growth technigque,
with respect to one another, of two crystals which have a certain number
of common elements of symmetry in their crystal lattices.

This term groups different techniques: apart from Molecular Beam
Epitaxy (MBE), for example techniques may be cited such as MOCVD

30 (Metal-organic Chemical Vapour Deposition), or LPCVD (Low Pressure



10l ayer 7a; c) formng by epitaxial regrowh a
doped "covering" |ayer 7b, which covers the surface
| ayer 7a and the trench 10. The et chi ng used

may be an etching plasna based on chloride elenents or
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nono- | ayer scal e. The width of the trench 10
may for exanple be perfectly aligned on the width of
the gate: in the case of a standard HEMI transi stor
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10 Mebatweznghe |s0péHne|m lepér MVapdtie daspivation @ger 9.0or LPCVD
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Chont cal AAPELATBGEETHY SRS SLVERITRAE TRyPTdde barmer

Vap@yer Phitagg pgoitiodXof)the Schottkyl hentebtoeleetrcamitocamdsnl a obn-

the paraneters of thes dlffer%g%|1 fZchm ﬁu‘:h as

{ he IgREESERTa BV, 72 AahaB9BLPT 0 e Erfp iR fidhe ucs. The
mask is then removed to deposit the doped layer 7b by epitaxial regrowth

15 inthe entire surface.

The surface layer 7a is formed by a material formed by Nitrogen
and at least one element of column 11l of the periodic table. This layer is in
principle not intentionally doped. It is preferably made of GaN, or AlGaN or
InGaN and must be chosen so that its forbidden band is smaller than that

20 of thé barrier layer 4. This is the case for example when the barrier layer
made of AlGaN comprises 50 to 70% of aluminium and the surface layer is
formed by AlGaN with an aluminium content of around 20%. If the barrier
layer of AlGaN has an aluminium content of around 20%, the aluminium
content of the surface layer 7a will preferably be lower or equal to 5%.

25 The material of the layer 7b is formed by Nitrogen and at least one
element of column 1ll of the periodic table; it may be identical to that of the
layer 7a. The doping typically uses silicon or germanium in a range of
5.10" to 5.10"° atoms/cm®.

According to one specific embodiment, the surface layer 7a may

30 also be slightly doped, for example this layer 7a may be made of GaN

doped in a range of 0 to 5.10" atoms/cm® which advantageously permits
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passi vation |ayer 9. Anot her enbodi ment consi sts
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cho th t hat
20 oty pEralh o U ey SR B & Fpireig nan L0
exanpl e when the barr| er |ayer rrade of Al GaN conpr i ses
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et

bl.e:
|+ oy b iaHoPaSe 143ef o marigeny d TogoN i e dSbed

dopichgeringaga 71/— b @h tise bLasOMustFated rrmegw@ ISBI »nhea:erta@ gench
of 5.1017 to 5.1019 atons/cnB. Accordin on

1§pediffhas hpbesrmeiehed oRPast piibg Hickness o Eledﬁye@@ e Gver

be iy ghifey ngﬁfé%edfﬁrt exagPine thikhedP¥Ethe/RyBRYab8nd the
made of GaN do in range of 0 to 5.1017 atoms/cnB

whi @lecérmaéﬁeldg%tb@safyred@wm is fingtyegion,
2009/ 06854GPCHERRMN G4 AR67 dmblistdicn SbgRh BNhkd ABSebBsed

be reduce In‘this case, covering |l ayer
be reidss:dhe rmnglcg)ed(mjgfaye dm@@d’a@'yd thg; dgped coverlng aner 7b.
0 t r 7
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25 superficial layer 7. However, the electrical field in region A is optimal
(which is to say the lowest) when the entire thickness of the layer 7a

is etched.
Region A corresponds to the trench 10 made in the device;
preferably, this trench is located at the position provided for the Schottky

30 contact electrode.



Structure of the superficial |ayer and of the
corresponding electrical field 10 1In reference to
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gi on corresponds to the free zone of the
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These differences in the electrical field may be observed on the

simulation curves of the conduction strip energy diagram which shows the

25 depth of the device on the X axis — the origin O corresponding to the upper

surface of the superficial layer, and in ordinates the energy E. In these

graphs, the value of the electrical field corresponds to the slope of the
curve.

Figure 6 shows the simulation of the electrical field depending on

20 the thickness of the structure in and under region A, in which the covering

layer 7b is made of GaN doped with Si to 3.10" atoms/cm® and has a



10 Furthernore, a strong electrical field (in region
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20 electrode 5, a Schottky contact electrode 8 and a
passi vation | ayer (not shown) are then deposited. The
order of the steps for formng themmay vary according
to the electronic device in question. Conse nt | in

VRSPA880f the M S transistor, the Schottk € Zﬁ??fo“z“
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15 Formation of the ohm c contact el ectrode The

ohm c contact electrode 5 permts the carriers to be

inj ected or collected. In the case of a HEMI type
ransi stor as shown in figure 10, there are two ohm

%Bﬁ?"ﬁ@f ¥ ectrodes: the source 5 is the el ecttode” Bobozss

which injects the carriers idto the structure, whereas
the drain 6 is the el ectrode which collects the
carriers. The ohmi c contact electrode 5 is fornmed by a
superposition of netallic |layers deposited on the

UppPEbrh@tish ﬁthébﬁmhﬁdfdritﬁtel@@ﬂe4 to enlslure good ogm' c
contact._For t ener a era
o et oh TheamprTadt Broorde sAmrts ok crribrdla s GESY or

t hi gkIRRES. UR the ch@ dv%r HE®AT Itméeﬁfar?slst@tf a€\eRbwh Nk Giguke 10,
thi ckness of the barrier layer 4. |ndeed, the direct

conthéce asetweepPmice cantaet ﬁlseﬁo@e%ﬁaetwr%ﬁr isefhe; glggiyode
4 thRlch Pidats thé Earfn%?selr% 86d IspiEtuRe, | WHErebH O IBIR 6 is the

contact to be Inproved and thus contributes to

i npetegirade tiicho selleats dhe earrdie Ehe ehrigicontgel ielastrods & is
t he

o708 IR R el D 5, B O oce o
dev ttecbarfier iarnen bio erfsurgrgaddohwic entgdtng

Accor di ng é%gﬁ;@ﬁgcﬁt 56 e%g?zﬂg) ﬁ%ﬁérabi'etto' e?tctﬁ)%é'sgt)grfmal

to insula rent VI ce
100 ¢dyeh 7aon itesantied thicknesenphto thddreriién legertd, omeven into the

ref er.ence 1 n . fi ure 8. Thi s. ching.i.s

Cor TGRS 01 Ghe caa el By 4 ndesolF DS erinks; opweqy the
g de@ohﬁw i5candpierbdreiert Ibg!en fshdtad rioly irbfréé eledtrayis all@ws the
e reached i.s etching is ied o fter .the .

o R coprat 13 & areraged hus wottbufist & amBRying the
epi baéﬂaﬂbnbﬁﬂfewléétrdﬁtﬁ@e\ﬁéé ows the covering layer 7b

to be forne . theeltaX|aI regrowt h

Lhas a pobi Bwcaseraf das restiieh ha e higa§ontag) aletrode may
gengras@iedn teredl fdiend 1l aéige.sur face | ayer 7a, to

formthe trench 10 or the insulation trench 11. It has
i ndeed been observed that the 30epitaxial regrowth

per %Fﬁaﬁ&?ﬁoﬁﬁﬁh%rpéﬁfﬁihﬁl systemto be repaired and
According to one specific embodiment, it is possible, to insulate
20 different devices made in a same plate, to etch an insulation trench,
identified by the reference 11 in figure 8.

This etching is carried out on the entire periphery of the device, on
a depth which permits the insulating buffer layer 2 to be reached.
This etching is carried out after the formation of the surface layer 7a but

25 before the epitaxial regrowth that allows the covering layer 7b to be
formed.

Finally, the epitaxial regrowth has a positive effect on the defects
that may be generated by the etching of the surface layer 7a, to form the
trench 10 or the insulation trench 11. It has indeed been observed that the

30 epitaxial regrowth permits the etched crystal system to be repaired and



WD 2009/ 068566PCT/ EP2008/ 066244 16 thus elininate the
| eak currents at the interface between the superficial
Iayer 7 and the passivation |ayer. I ndeed, the
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Examples of implementation of the invention

Example 1
Using a technique such as MBE (Molecular Beam Epitaxy) or

20 MOCVD (Metal Oxide Chemical Vapour Deposition) a structure is formed
comprising from its base towards its surface:
- a channel layer made of GaN between 2 and 50 nm thick on a
support substrate,
- a barrier layer made of AlGaN with an aluminium content of
25 around 30%, between 2 and 50 nm thick,
- a surface layer made of GaN that is not intentionally doped
between 1 and 10 nm thick.
On this structure, etching is carried out to form the gate pit. For this
purpose, masking is applied to protect the rest of the structure, then the
30 unprotected region is etched, for example using chlorine based plasma, by

dry or wet etching. The type of mask and the anisotropy of the etching are



30unprotected region is etched, for exanple using

chl orine based plasma, by dry or wet etching. The type
of mask and the anisotropy of the etching are WO
%%ﬁ%/068566PCT/EP2008/066244 17 chosen so as

8%te side sl opes of the etching. A gaféio’fﬂ'ztoosl’o@z“
thus formed in the surface | ayler to a thickness of 1

nmat |east and at maximumup to the barrier layer is
reached. In option, insulation etching may
be carried out up to the insulating Smaterial of the
buf fchbsdrayeras to controbbiet sidé slopee @f divé btchmgt hegate goitr isethus

out .to forma covering.la made _qf Ga oped, to 1Q19
at offRmssen tg siTiace Ryein adGickTess 4T o §mam

COVeipithhd Barfier RNEr iheadHedf ace | ayer may then p033| bI y
be etched up.to_ the barrier |ayer at the POSItlon

the ohni I @ianainsslation saiIg ayibeecatried qut BR {Q themisulating

gournqﬁeﬁyeﬁm@g%r%ﬁrforned and a passivation |ayer
I's deposited. Exanpl'e Usi ng a techni que

such as kBiexgal rm@v@ isathgﬂ icagtagreutite farey aregvering layer made

15c f r r
channele A 6 SPmRRTT MHBARHS FIIORT T ok on
a supporf hsumxagelayer and they swmiaceelayemynay rthee possibly
thi it ARt GO Baef e A R oo Rl ool .

1i0nt ent i ohadally, thepdrmin, gate and source electrodes are formed and a

passivation layer is deposited.

Example 2
Using a technique such as MBE or MOCVD, a structure is formed

15 comprising from its base towards its surface:

- a channel layer made of GaN between 2 and 50 nm thick on a
support substrate,

- a barrier layer made of AlGaN with an aluminium content of
around 60%, 6 nm thick,

20 - a surface layer made of GaN that is not intentionally doped
between 1 and 10 nm thick.

On this structure, etching is carried out to form the gate pit in the
thickness of the barrier layer. The remaining thickness of the barrier layer
in this region after etching is to be at least 2 nm.

25 Insulation etching may be carried out up to the insulating material of
the structure.

Epitaxial regrowth is then carried out to form a covering layer made
of GaN doped to 10'® atoms/cm?®, with a thickness of 1 to 20 nm.

The covering layer and the surface layer may then possibly

30 be etched up to the barrier layer at the position of the ohmic contacts.



between 1 and 10 nmt hi ck. On this structure,
etching is carried out to formthe gate pit in the
thi ckness of the barrier layer. The remaining

i ckness of the barrier layer in this regio
\?f)czﬂ‘f MFFS to be at least 2 nm 25Insul ati onPCe]?%l{?g%@“m
may be carried out up to thei®hsul ating material of
the structure. Epitaxial regrowh is then carried out

to forma covering |ayer made of GaN doped to 1018
atons/cnB, with a thickness of 1 to 20 nm The

cover i ngFinaMﬁrtharuiamh@aseJ@haC@dr@a/erectraaes laean fqrosesi bhy a
rrier layer at the position of

30be et.ched up t he
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18 Finally, the drain, gate and source
el ectrodes_are fornmed and a passivation |ayer is
dep&Xam@ie 3Exanpl e 3 5Using a techni que such as MBE

gr MOCVDysidgS feéRhidl dueh fRNIBE GaMRIOVD, W sthidiiel i Sormed
base towardS I1ts surface: - a channel [ayer made

of Gaftppeingdoem its bere BWarda thswieceh a support
substrat ey ghannel Ia%/er mad%a%gtl%%lﬂdtfe&\% %’%’Qradﬁagﬁ npd tibd BN a

w th anlndpumcon ent 0 nm t hi ck,
support substrate,

- a barrier layer made of AllnN with an indium content of around
10 18%, 6 nm thick,
- a surface layer made of GaN that is not intentionally doped 2 nm
thick.
On this structure, the surface layer is etched on the entire thickness
by dry etching, so as to form the gate pit.
15 Insulation etching may be carried out up to the insulating material of
the structure.
Epitaxial regrowth is then carried out to form a covering layer made
of GaN doped to 10"%cm™®, 2 nm thick.
The covering layer and the surface layer may then possibly
20  be etched up to the barrier layer at the position of the ohmic contacts.
Finally, the drain, gate and source electrodes are formed and a

passivation layer is deposited.

Example 4
25 Using a technique such as MBE or MOCVD, a structure is formed

comprising from its base towards its surface:
- a channel layer made of GaN between 2 and 50 nm thick on a
support substrate,
- a barrier layer made of BGaN with a boron content of around 10%,
30 6 nm thick,



- a surface | ayer nade of GaN that is not

intentionally doped 2 nmthick. On this
structure, the surface layer is etched on the entire

t hi ckness by dry etching, so as to formthe te pi
WE2L00%6¢ on et ching may be carried out up t‘ggﬁfﬁ’é beldiszs4
insul ating material of the stifucture. Epi t axi a
regrowth is then carried out to forma covering | ayer
made of GaN doped to 1019cm 3, 2 nmthick. The

covering layer and the surface |ayer may then possibly
20be et chadukfacé yehendderofi GaN ltaatds nat intdrtiopals domal Dhm
the ohm c contacts. Finally, the drain, gate and

soutl€K-el ectrodes are forned and a passi vation | ayer

i s _deposiphafis drieflipé,ahd suABdéialer i8 ct@RlriniHe et thitkness
MBE or MOCVD, a structure is faormed conprising from

i t s byasweichingr ae ap fafosmthg gate pit. - a channel |ayer
gade of (allh6h Weithe’may He 8r¥d dubf fh@Bnifre SURBRF,
substrate, - a barrier layer nmade of BGaN
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2009 BARPAGIR S HB2ARE! 96R fHick.
The covering layer and the surface layer may then possibly
be etched up to the barrier layer at the position of the ohmic contacts.
10 Finally, the drain, gate and source electrodes are formed and a

passivation layer is deposited.



19 - a surface layer made of GaN that is not
intentionally doped 2 nmthick. On this
structure, the surface layer is etched on the entire
t hi ckness by dry etching, so as to formthe gate pit.
5Insul ation etching may be gLarried out on the entire
structure. Epitaxial regrowh is then carried
out to forma covering | ayer nade of GaN doped to
cIiomgsni3, 2 nmthick. The covering | ayer and the
surface | ayer may then possibly be etched up to the
barrier layer at the pgsition oLb Fe ohm ¢ c ntacts.
1. 10FElgstyopic drgice comprigng dnalstialsonr the grem 6188 sugegssively

coﬁcag g@%ﬂ&%&%%&ﬁ sQfs dRERE; | S deposited. 20

ectronic eV| ce conprising naterials of the
group IlIl1/N, successively conprising fromits base
- atsappordsubstsatet face: a support substrate (1) - a
| ayer (2 3) adapt ed to contain an el ectron gas - a

arrier 4 superf|C|aI 7 dlng
- adiyeaiS A i et Eol B TR IBAL €
| ayer (4), characterlsed in that the superf|C|aI Iayer
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jis @mn

layen ), ghatactesised in thaidhe sup@ﬁr:@}/ &we{ wed tagentrol the
il of e 8 RIS DRy DY Slp B ot

super
coizeﬂ'm lagar (7baldnya sedacddye(partbd thickness Qﬂthe lenefase bfyer (7a)

urface lay 7a) in a, secon r.egl B) of .t he
in g, Bt Tt gy terteorigBL IRERRE) B4 Rab? baiathfeduced
colnviedd {o/the thickricbe of thef Qﬁﬁdeaaﬁdr (@Z)i)n @@&fdr@ﬁ%ﬂnrﬁ(ﬁt)fbf the
t hat EﬁEleel ctrical fle|dIIF] stoefl(ﬁ-Fbe 1_? 'f
Su?%%c s ( wrtqra?sma?@ C?‘éer R¥ST (AL ace layer
(78 &l fghﬁéa sddhedh@lt ke Aes@ianfeldasi ANedsBbneffirkhRgion (A) of the
superficial layer (7
superficial layer is weaker than the electrical field in a second region (B) of the

superficial layer (7).

2. Device according to claim 1, characterised in that the difference in
electrical field in the superficial layer (7) is controlled at the scale of one

nanometre.

3. Device according to any of claims 1 or 2, characterised in that in the
second region {B), the superficial layer (7) is formed by the superposition of a
covering layer (7b) on a surface layer (7a), and in that in the first region (A), the
entire thickness of the surface layer (7a) is etched such that the superficial layer
(7) is only formed by said covering layer (7b).

4. Device according to any of claims 1 or 2, characterised in that in the
second region (B), the superficial layer (7) is formed by the superposition of a
covering layer (7b) on a surface layer (7a), and the thickness of the surface layer

(7a) is partially reduced in the first region (A) such that the superficial layer (7) in



2. Device according to claim1, characterised in that
the difference in electrical field in the superficial
| ayer (7) is controlled at the scale of one nanonetre.
3. Device according to any of clains i or 2,
characterised in that in thg second region (B), the
superficial layer (7) is formed by the superposition
of a covering |ayer (7b) on a surface |ayer (7a), and
the firdthregionr(A)tie férinieal by dgi supefpositivhef eaid coveting dayee(gb) on

of  the rfa I s etched such that the
Pa%@r)fof %"}hl‘F §§X€t%1’e(sp a6h egye*fy d by said covering
Iayer (7b). 4. Device according to any of clainms 1 or
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majerialsof\the |sngfar:@wier (7d) arshtbe memgelay b) comprisgrad least
| ayer (7a) is partially
onk MatbBECU88 Br Sl Mo ‘?y‘frggg?'A) such that the
superf|C|aI layer (7) in 21 the first region (A) is
6. f or Meglichyacthrdisgpeanpsf tlabns gftosRiclateweiseddn lthytethe surface
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| ayer and the covering |ayer ( nprise
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lagg rding to any of clainms 3 to 5,
arag? ged in that the surface |ayer (7a) has a
dopant content of between o and 5.1017 atons/cnB8 and
7.in ﬂ]matcetetceord:mgrto n:@mhﬁﬁsechf(rﬁbberisaﬂ; in thaptr swdateelayer (7a)
f, bet ween 10 and 10 atons/ c wherein the
anﬂ&bgﬁ?vem&lamr g fifamg %%gf*?ﬁgapa}a?{m ) i's higher
than that of the surface layer (7a). 7. Device

8. acccnfe@icagactc@rdiﬁgwhﬁy of Bﬁﬁﬁ@ toeyo 'ﬁ%ak&téﬂ@d f&mat in the first
surface | ayer a) and the covering layer (7b)_are
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t han under the second region (B). 10. Device
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12. Device according to any of clainms 3 to 11,
characterised in that the surface of the covering
| ayer (7b) has atonic steps separated by plates of
which the width is greater than 2 nm 13.
Manuf acturing net hod of an & ectronic device
conprising materials of the group Il1/N, said device
successively conprising fromits base towards its
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- aulaver d2] @)endqpied fon cantgdr GHY alesiidh 2aB)- & %@ﬂéer layer (4)
| .14. Met hod according to claim
Ch_alga%éragaeraal\@tﬂéértﬁggécfn F);ﬁae at the formation of the
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c) epitaxial regrowh to grow, on the resulting
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23 15. Method according to claim 13, characterised in
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15.  Method according to claim 13, characterised in that the formation of the

superficial layer (7) comprises the following steps:

a) epitaxial growth of a surface layer (7a) on the barrier layer (4), b) etching of a
trench (10) in the first region (A) of the surface layer (7a), wherein the depth of
said trench (10) is greater than or equal to the thickness of the surface layer (7a),
c) epitaxial regrowth to grow, on the resulting structure, a doped covering layer
(7b), so that the superficial layer (7) is formed, in the first region (A), only by the
covering layer (7b) and, in the second region (B), by the superposition of the
surface layer (7a) and the covering layer (7b).

16,  Method according to claim 15, characterised in that in step b), part of the
thickness of the barrier layer (4) under the first region (A) is also etched.



