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W TH CONTROLLED ELECTRI CAL FIELD Field of the

i nvention The present invention relates to an

el ectronic device based on materials of the group

IWwblDonsddgh as a rectifier or a field effectpcrrroosiosszas
transistor, for exanple of the HEMI type (Hi gh

El ectron Mobility Transistor) or of the MS type
(Metal Insulator Sem conductor). 5 Background of the
invention The materials of the group Il11/N such as GaN

el cct 1 G TROMCC B G W ARG LB Ay FefB

[11/N, a 10 spontaneous pol arisation exists which

creates an electrjcal field that is inherent to the
non kﬁiﬂgw al crystallographic structure of
the mat eThalpreddt weﬂfuon aeRidicto BheglectRInis delied@lbased on
fieldis also i nduced by the different

pr esERtenals wa@eoﬁrPF%r”gh't Sycly s @ Teftifionor §f TIHEF%?%‘ rapgisior.

el ecCdrigkampld & tHe PEMT BiRZ(PHidH Blekirdrt MobiiBi TraRsibter) or of the
subst antl aII constant _‘on the 15 surface of the

devi M @ lasulater Semicepdygien)f i ed by etching for
exanpl e. Hovvever, to inprove the performances of the
el ectronic devices, it would be preferable to be able
to c&ackgroundoftheinventionon of the electrical field

on the Sufﬁ@ﬁ?at&falé va’tﬁiaeﬁfdh% N isEbh 128 GANS8Y ekdinpIg, have

able to create, wt a precise spatial resolution,
r egi elfgowieatical Q@Pﬁﬁ@é of the device where the 20

el ectricaj, ;m @u&tﬂoﬁ.cveé\hoe BBQecPBHerhatfeﬁglbocﬁSthé’”&bﬁptihm a

el ectri cal I's strong. In reference to %ure

ihe tsy@réaWO@ e@amwpe @@ﬁd@l@fhameatq%amalﬁﬁé'maﬂ gld that is
t
in epg-.%rérﬁ th "RE &é(rmoca}nhaseﬁegpgﬂﬁr%ﬁolgrém%lsg cﬂa?é%f the

towards Its surt ac support
| ayemateriah bomaver, angihar @ezaelpelricalcield s abyelﬂdme&nhw the
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ohm ¢ cont act ctrode 5 and a Sc cont act
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'ige 4BRELe éﬂ%@ Ee\%e,ta@%ng as it is not modified by etching for example.
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



device - in this case, the superficial layer 7, onto
whi ch el ectrodes nay be WO 2009/ 068566

PCT/ EP2008/ 066244 2 deposited. This surface may be
flat or not (for exanple if it has been etched). In

QK@ eduobdesdgrke the fol |l owi ng description easimirmpdoos/ocs244
understand, an orthogonal reterence (x, y, z) is

defined that is attached to the device. The 5 x and y
directions define a horizontal plane, parallel to the
base of the device the z direction is vertical and is

per pendi u tot s plan ref ence w. ll. b
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Fur t BiseGiwealongts thickeessee of paral l el conductions in
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el ectronic _ _
- Furthermore, the presence of parallel conductions in 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
sirong 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



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 ohnmic contact el ectrode
and the Schottky contact WD 2009/ 068566

R / 066244 3 el ectrode when the ohm
\F(g ‘5 %96%/ r;gﬁ?ﬁogﬁésm

e 1s on the surface of the device,
weak el ectrical field below the Schottky contact
el ectrode. Doping the superficial layer is known to
generate an additional 5 electrical field init. This
field is conbined with the piezo-electrical field and
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el ec C at .t rface of the device, one

envi ggarcganﬁg% gtheféeﬁctﬂ?ﬁ Igén ?o dope the structure in

a cont r ol Heekves ihe knowroe sitaay emtlsrmsmn[y pertrdteth@ hdepg&teous
adi_en t he rface.o on cerfain

94 2% Of'a 48Bed HA0GT 1P enie SyiBle Wohighls Blhed Wifych Same

dopi bghosushtic Bp d@ﬁmgoait Ipcintse(k qqqﬁrmlsn@yéfq if tl-haeepltaxy is

directi.on of t t he devi

L efarrigholtechBRvdtRD Wabbu e ab ey Shimt Had i shample-
doped. HOMeydimol tHeemisaivationesfiine distibution lasedrding to'(x, y) of

di ffysi a dopant . . throuygh a sk do not permt

ocaliesSteie T et soiich A enfievce. diheqBaioshapetiod

I@S olblldase @%‘db’édh@@trb@cuid"ﬁ #leprtholigd Mdihee dnorkiRecisely, to
i npl ant atj on of ﬁrgil ng, specj es is c‘i‘?ytrol | ed at the

scal BS€ 95981948 AbierRUERR Of He GRYiPS, REON certain parts of
i mpl &g irfzee. profile is distributed in the

It is pointed out that the doping must also be controlled according to

the z direction of the depth of the device, as all of the layers which 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 permit localised doping to be obtained with
adequate 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..



formof a Gaussian distribution which extends
according to the z axis. Such an inplantation
necessarily leads to the doping of a region situated
in the depth of the device, but will not permt the

dp@hsodabest Ne superficial layer 7, of whi chedmezo08/066244
thickness is typically betweep 10 and 30 30 nm WO

2009/ 068566 PCT/ EP2008/ 066244 4 Therefore at present
there is no nmethod which proposes or allows the
electrical field at the surface of the device to be
controll differentl accardin o,the, reqi ons of
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the @@k BescriglidiPdithbaneshtint N the invention, an
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t he sup r?g@ e electrical field is weaker
flhan bage towasdsithebriaedi on of the superficial |ayer.

- a support substrate,
- a layer adapted to 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 controlied 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.



25 In a particularly advantageous manner, the
difference of electrical field in the superficial

| ayer is controlled at the scal e of one nanonetre.
According to a first enbodi nent of the device, in the

5\@89&9/0&8‘3% on, the superficial layer is for n%%{ﬁ%%$5%244

superposition of a "covering" _layer on a "s

| ayer, and in the first region, the superficial |ayer
is only formed 30 by said covering |ayer. WO

2009/ 068566 PCT/ EP2008/ 066244 5 According to a second
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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 iIl/N,

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

- a support substrate,



the first region of the superficial |ayer and the

second region is the region of the superficial |ayer
situated between the ohm c contact el ectrode and 25
the Schottky contact electrode; - the surface of the

GO 8fob/Md@sdsayer has atom c steps separated bypcradraioRsss244
whose width is greater than 2grim Another purpose of

the invention relates to a nmethod of rmanufacturing an
el ectronic device conprising materials of the group
I11/N, 30 said device successively conprising from

its base towards, its,  surface: support substrat e,
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a t r hiecypehiciahiayey ch?pr[sggltrgﬁ]fongmg,gtegaff ace | ayer,
yherein Sé)'tﬁ’e éﬁ:%%di'gfoﬁvtﬁﬁﬁé kOMEde lamrbntth@bambsb@sﬁs of

the surface er, that a resjdu hi ckness_ of

surface Itay*éﬁ ck¥Rg ﬂfsa ttqncerjmta%ﬂafrt rrealgm&thets(yr@%wver

on t RRefeltsdid rRAcHisTdhalidle thah RRRgknekd of MeesUrge layer, so
| ayer, so that the superficial layer is formed, in the

fi r sthaf agesidial Byckniees OESHSECH VT IHRIRY: t he resi dual
thi Cknests%oetpn%!agn frbRP el RN oANHe trBSUIIMP ¥RGdNE, |aachﬁfed
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36 f eeringyaierand t he covering | ayer .

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,
¢) 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.



20 According to a second inplenentation of the nethod,
the formation of the superficial |ayer conprises the
followi ng steps: a) the epitaxial growh of a surface
| ayer on the barrier layer, b) the etching of a trench

region of the surface |ayer,
s“p?%da?’?ﬁfg#éh I s deeper or equal in depth to %I’E%Z&sm“z“

t hi ckness of the 25 surface Iayer c) epitaxia
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

| ayer andjuring si¢e b3 pedraf thedhioknessyoftthe baufeerigwesinapalso
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VI evvs i |-uijuratti i8Ga tloes dietlichaeiew 6t epwigtrohidedevice of the
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device in , . i .
- figure 6 is a simulation curve of the electrical field in a first region

15 of the device,
- 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, Al2O3 or AIN. The subsirate 1 may



conpliance with a first enbodi nent 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 invention, - figure 10 illustrates a HEMI
tyw@RbAéssds | N conpliance with the inventionecrdr2o08/066244
Det ai | ed description of the igvention Firstly the

basi ¢ structure of an electronic device to which the
invention applies will be described, fromits base
towards its surface. In reference to figure 2, such a
devi ce conpri ses ase sub trat
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interface Wt barrier |ayer 4, to permt an

el ecbelgngigado @@yebﬂlﬁtﬂﬂt fow the pufier layerase, the channel
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by the hetero-junction formnme barrier |ayer,
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crystal I 'ographi c properties
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quaternary al
be made of a matenal of which the torbtdden band Is weaker than that of

20 the barrier layer to allow the formation and circulation of the electron gas
init.
If there is a channel layer 3 distinct from the buffer layer 2, it is
made of a material of the group llII/N gallium based and which may be a
binary, ternary or quaternary alloy, such as GaN, BGaN, InGaN, AiGaN 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
1II/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



[11/N, such as for exanple GaN. |If the buffer layer is
al so adapted to contain the electron gas, it nust be
made of a material of which the forbidden band is

weaker than that of 20 the barrier layer to allow the

] and circul ation of the electron g Il
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layer 2, it is nmade of a mat2rial of the group I11/N
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25 other, with a forbidden band that is weaker than
t hatalwfys haes diorbidden baye that isTweakes thandhat ofdhe matdrial of the
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structure:"1t is the donor |ayer. The barrier |ayer 4
conpr i sedn gemarake theahethbd ofrtig ibentiob congists of.er nary or

t : f (" it I T
hot ce. o (Rifld o) oY fioer. BeL78 8 e sdiboe ine
| Jay estruchmé prewo By destribed (telfer tel figure 8h Owsmiaterifilsetbat may
id t h ' f,t .
Dooo ek e Eal P bR wilpe Figtifid gl
f or bi ddeib) baretereed toi figureed kaarryinigaout tomitolled etdhing on at least
terial of t [ I . I h h
o 1ot a1t ol Bher Y 6 crpeRt iR Bpo el JB)ERe
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evi ous} described (refer to figure 3). The

t ePYEI 'S t hat may be used for the surface |ayer 7a
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gate measures laterally 250 nm, the etching may be carried out to form a
trench of 250 nm also.

20 By "epitaxial regrowth”, it is meant an epitaxy step carried out 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 technique,
with respect to one ancther, 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 technigues may be cited such as MOCVD

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



15 and renoval of material at atom c nono-|ayer scale.
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 transistor whose gate
rBasibBRsdsat eral ly 250 nm the etching may be1eebdoseshaes
out to forma trench of 250 yym al so. 20 By "epitaxia
regrowth”, it is meant an epitaxy step carried out

after a technological step carried out on a | ayer
obtained by epitaxy. The technological step may
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surface, tween t e super I'clal layer
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of the S ottky contact electro osit non-
and at least one element of column Il of the periodlc table. Thls 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 the 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
fayer of AiIGaN 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 |l 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



doped surface |ayer 7a at the position of the free
zones of the device. The mask is then renoved to
deposit the doped | ayer 7b by epitaxial regrowh 15
in the entire surface. The surface | ayer 7a is formed
ial fornmed by Nitrogen and at
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layer is in principle not |r{'tent|onally doped. It is
preferably made of GaN, or AlGaN or [InGN and nust be
chosen so that its forbidden band is smaller than that
20 of the barrier layer 4. This is the case for
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surface. Structure of the superficial layer and of the

cor r espondihgSeRestaalilaygr £ @F‘Q”&@o ik regipi B fwe superposed
fi guBferaAthetncidRees FRRE I8)¢r Fhl K11 the dopEd BBERigNEHer 7b.

20  The superposition of these two layers that are doped differently generates

a strong electrical field in this second region of the superficial layer 7.

It is pointed out that it is sufficient that there is an etching step, even
partial, of the surface fayer 7a in region A then epitaxial regrowth on the
residual part 7a’ for a difference in electrical field to be observed in the

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 fo the trench 10 made in the device;
preferably, this trench is located at the position provided for the Schottky

30 contact electrode.



whi ch reproduces the relief of the trench 10, wth,
froma top view, different regions that do not have
the sane doping gradient: - the superficial layer 7
only conprises, in region A the doped covering |ayer

AP0 20000685dsn the case illustrated in figure SRmIQM8066244
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device which is to say the zone (s) between the

Schotinttke freereaes ofdhegeyiedte and the ohmic contact
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of the field in the free zones corresponds to the value of the critical field of
20 the material beyond which the material is damaged. As it is not yet
possible to measure the electrical field in GaN using available techniques,
the above values are estimations.
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
30 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



el ectrode and the sem conducting material of the
superficial layer. 10 Furthernore, a strong electrical
field (in region B) reduces the nunber of free
charges in the superficial |ayer 7, reduces parallel
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Figure 7 shows the sinmulation of the electrical fiel

depeRdi'eEricHh fieldHe hersaniatadstoghessale af opetnanemetie aRy this it
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llayer 7b nmade of GaN doped with to 1019 atons/cnB
Wi t hore nanometre apart, a different electrlcal ﬂeld current
In the structure described above, at least one ohmic contact
20 electrode 5, a Schottky contact electrode 8 and a passivation layer (not
shown) are then deposited. The order of the steps for forming them may
vary according fo the electronic device in question. Conseguently, in the
case of the MIS transistor, the Schottky contact electrode is formed on the
insulating passivation layer whereas for the rectifier and the HEMT type
25 transistor, the Schottky contact electrode is formed at the contact of the
superficial layer 7 made of semi-conductor material.
The passivation layer, for example made of ZnO, SisNs or MgO,
encapsulates the device. In general, it permits the surface of the semi-

conductor to be protected.



thi ckness of 5 nm on a surface |ayer 7a of non-doped
GN with a thickness of 5 nm on a barrier layer 4
made of AlGN with a thickness of 20 nm It may be
seen that the curve is considerably sloped at the
(:ngﬁogmﬁss(khe electrical field is therefore sidigoosss244
region B of the superficial lgyer 7. 10 The invention
thus permts the electrical field to be controlled at
the surface of the device (which is to say in the
superficial layer) with a spatial resolution adapted
to t especially to the
thic The net hods used,
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dePOSLAES Atk NFeiORE! BLE t8!the closer positioning with the channel

layer 3. However, as the barrier layer 4 forms the free electron tank of the

channel layer 3, it must have a thickness that is sufficient to conserve
satisfactory density of the electron gas. Therefore a compromise needs to
be defined between, on the one hand, the improvement of the operation
25 provided by bringing the Schottky contact electrode 8 and the channel
layer 3 closer together and, on the other hand, the reduction in the density
of the electron gas caused by the etching of the barrier layer 4. In practice,
it is considered that the remaining thickness of the barrier layer 4 must be

greater than 2 nm.



5 layer 7. Preferably, the Schottky contact el ectrode
is deposited on region A, which is to say in the
trench 10. I ndeed, the thinner thickness of the
superficial layer 7 in this region has a geonetrica

ich permts the density of the e
S%6E@L?ﬁ%$easgd in the channel_I|ayer 3. 10 QQﬁﬁﬁEmﬁB%mm
Furt hernore, the closer posity%ning of the Schottky
contact electrode 8 and the channel layer 3 permts
better control of the electrons under this electrode.
Finally, in region A the superficial layer 7 only
ation jof thedlyeid comtaelrdlegirodayer 7b - or the
super posi-#j.0 .
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r eduBR§T8HPN of 1R BIEFERRIF H6VICRE the el ectron gas caused

by the etighhdgagy of the rBaifet,@he lstgRS oMmicl ddnRicRelebfSde may
it i1s considered that the remai ning thickness of the

bar r Pelocpiegan the perrifagsof g de¥ied than 2 nm WO

2009/ 068566 PCT/ EP2008/ 066244 15 Formati on of the
ohm ¢ contact el ectrode The ohm c contact electrode 5
per ni-@Enaligg o AY@RLeCAINGe i njected or collected. In

the case QlcomiddEMl oh¥ R etifidhisddRheds itSHMWMAsibI, ftb JHEfate

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



there are two ohm c contact electrodes: the source 5
is the electrode 5 which injects the carriers into the
structure, whereas the drain 6 is the electrode which
collects the carriers. The ohm c contact electrode 5

Ivwo 200064%868 by a superposition of metallic | aave2008/066244
deposited on the upper face of; the barrier layer 4 to
ensure good ohmi c contact. For this purpose, it is
generally preferable to etch the superficial 10 |ayer
7 on its entire thickness up to the barrier Iayer 4,
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carried out on e entire perip e devjce, .an
o e BENWaRIb4R AokAR Sobh BIa e UBY chare orr b Beties, @icp e
be raaEMedflesdiManh 2h@hing is carried out after the
forrratlon of the surface |ayer 7a *BE% 25 before the

epi t axi al HowRyEHWINR qwrarfabrq%%tht% Jameaes puyRee pgymits
to bee GRINBGDS icBadring layBewhBsd auitade esrggﬁyushamﬁc &teps

positive effect on the defects that mar)]/ e generat ed
by t Reraselediyptigast %@rrs Whichce to agieplates thatare Hake thae 2 nm
trenghyikfh.or the insulation trench 11. It has indeed
been observed that the 30 epitaxial regromh permts
the etched crystal systemto be repaired and WO

2009E06988 oPg;{!grﬁg&Q%rpéﬁﬁéﬁveﬂrﬁ)r{ hus elimnate the
| eak™CUTrents a € tntertace between the superfici al
| ayer 7 and the passivation |ayer.
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



I ndeed, the effect of the epitaxial regrowh is to
re-formand repair the crystal lattice of the surface
| ayer 7a danaged by the etching, which 5 results in,
at the interface between the covering layer 7b and the

B’?éad"m"n@n | ayer, a restriction of the Iea(l;l,&%ﬂz@]g}g';&“

as | ndeed been observed that a surface danage
etching is characterised by series of atom c steps
that are less 2 nmapart. Between two adjacent steps,
pl ates may therefore be defined, which have 10 a

wi dth of |less than 2 nm However, the egjtaxi al
r egr SYISAN &9 ashioscoidivh dedsidesiapee gbdhereicsingt Acgaie oiltis thus

ot ep AT H B LA Y055 BltlASHIIIR G RER iU fadmum
pl at epta thataeres layer is redehed2 nm in width. 15 Exanpl es

¢l . . " : : - ‘
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Tto surt eiBxePleBRRun TR R Ik ol ks RFREPE BT oo
and &0Gadopedto t01° atonsimwo mith subisknessef 1-to 20mar.r i er

Al GaN wi t Lum cont ent .of

| k h | upy] 25
ar und 3005 Ga{ion eh R e RS e R, g, gossioty
| ayebe sirtied ap tdi I:tdnmire]r_ fa'ayr(enabtheit ;:?sﬂiohitotbﬂmlt dhynid oprstdct_s.

t . 0 .t hi ck. i S ucture, _.etchin
PE Carr dl oo i ergosines elockffied g, 16ihied ar a

pur ppsssjvatias kyegisidepesgitgdd. ed to protect the rest of the
structure, then the 30 unprotected region is etched,
for exanple using chlorine based plasma, by dry or wet
et chiExgmplél?e type of mask and the ani sotropy of the

etching atJrs(lengV\g tgc %?AU%GS?US(:E%SPI&E/EE;ZI\(I)I%%/\%Q 6a2§tér1uctlﬁ"g 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.



chosen so as to control the side slopes of the
etching. A gate pit is thus forned in the surface

| ayer to a thickness of 1 nmat |east and at maxi num
up to the barrier |layer is reached. In option,

W6 Ydeddsedd et ching may be carried out up to #d1eEP2008/066244
insulating 5 material . of thegduffer |ayer. Epitaxial

regrowth is then carried out to forma covering | ayer
made of GaN doped to 1019 atons/cnB, with a thickness
of 1to 20 nm The covering |l ayer and the surface

vt T SR e N hEREE kI o

Fi nabéggvat;b@!ayéaismepgateﬁ. and source el ectrodes are
formed and a passivation |ayer is deposited. Exanple
2 Using a technique such as MBE or MOCVD, a structure
i s fpkamgle 315 conprising fromits base towards its

surface: a channel |ayer of et ween 2 .and

b i ¢ ni st A GohT s i o BEE: S MOV B3RP i Rymed

gggecgfn prdi ﬁbw:fefbgaet@d:amrtéwrﬁalco@ntent gf around Chat
9 nm - a surfac er e a

' hot i maans mﬁﬁwraw%doff Bef pdiSen THra,®) nihiddsr o

On t Biisport Jubstratee, et chi ng is carried out to formthe

gate pit in the thickn t he barri r he

remai ni ng ? HAEIghd&yer gna Gth E‘L{Wl“‘é‘p‘ P’%\y‘?éfum fe}‘i'ljE g;[around

891 88%aB AT thRdkehi ng |s to be at least 2 nm 25

I nsul ati on etchln be carried out

i nsul ati n‘ga Fefags Egyerdvpadq akGalN at ignet ln%ﬂtlpag(lﬂaqioped 2 nm

regregwédd is then carried out to forma covering |ayer
made of GaN doped to 1018 atons/cnB, with a thickness
of 1to z@nmﬁswur@otr@rsqﬁ@cewﬁ isghehadian thg entieghickness

| ayepy ARYethRY, RPSSbIbM t3Qdepet ched up to the

barri er | ayer at the position of t he ohmi c contacts
WD 2009/ deeugiprRetehipwpRydyeomspeniout up to the insulating materlal of

the structure.
Epitaxial regrowth is then carried out to form a covering {ayer 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 nmthick,



18 Finally, the drain, gate and source el ectrodes are
formed and a passivation |ayer is deposited. Exanple
3 5 Using a technique such as MBE or MOCVD, a
structure is formed conprising fromits base towards

[ e: - a channel l|ayer made of GaN
%‘?ﬂ@%@%tm ck on a support substrate, ﬁéﬁ?@g&@“
| ayer made of AlInN with an imdi um content of around

10 18% 6 nmthick, - a surface |layer nade of GaN that
is not intentionally doped 2 nm thick. On this
structure, the surface layer is etched on the entire

t hi ckness a gyfageyayar chadegef GaN dhattie nbintentitrally alopeghi2t nm
15 1| w ation etching may be carried out up to the
insulating material of the structure. Epitaxial

r egr owt h Orsthishatructiae r the dudade lageif is einhad coviee enie ltkiglotess

d 3. 2 thick. Th

(r:ngvgtr)x 8'& q?%”gf%g%g t{’ﬁoé%otﬁgggke” ayg:n malyct hen SOSSI bly
20 be et drhmmbtlmp etchintdmap &e rcegied cay en th‘ﬁ erttinesimxﬁmr‘et on

f th t
Sour co. olFRErETRRRIE 15 heh Adriati ol Wigh 3 GuyefiEh Byl npce
i s defiGalil teped o1’ 2 @btHii.ng a techni que such as
MBE t t f
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Dontent EndlyoliRatiai,sotaong e BEETOwS Bt08r s gte
PCT/ f=h320@860R§E%4 deposited.



19 - 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 formthe gate pit. 5

lvag Wodhdssya et ching may be carried out on thepcEiderdo8066244
structure. Epitaxial regrowtjyis then carried out to
forma covering |layer made of GaN doped to 1019cm 3,

2 nmthick. The covering |ayer and the surface | ayer
may then possibly be etched up to the barrier |ayer

at the position of the ohm%&&acts. 10 Finally, the
drain, gate and source el ec are forned and a
passi vati on | ayer is deposited. WO 2009/ 068566

PCT/ EP2008/ 066244 0 CLAIMS, 1. oni.c,devi ce
conpri si ng repic, (devige Fﬂ'@pﬁﬁ'%pmﬁf Briplg, Of s e ELQyR, elN.
CONMPEihsteBevdly a@mpﬁﬁngém ifsQB6 Bsvaris its BufaRe: - a
support substrate a layer (2, 3) adapted to

cont ai n ar?‘%JPQE’ftrsH e(Ms5 -"a parrier layer (4) - a
superfici %lay@rwgrs)(sid)ap@ﬁtter&dhﬂaﬁa Seldtirdregsd one part

of the surface of barrier layer (4),

char acterlas,%”?rn'alfﬁﬁa(ﬂ)the superficial layer (7) has an
el ectri calg §igrfbial Mye(7)xtdrithhg oH BNEAdt b afTiblreite
so that, in at |east one first region (A) of 10 the
supePﬁhélbal'"eIVWQF (4}t he electrical field is weaker than

in a secoidrdcestisen in Gk 19d sh'ﬁ@'ﬁéé’lﬂﬁ?ér‘ @) Abs |aﬁYeﬂéctﬁJa) field
2. Device according to claiml1, characterised in th (é of

the 8T Whigh Grcistensty s copirplaso thaginial i Inastippediisiargipa(A)

Ly efhe( gl)peﬁﬁnaff q%ﬁfel‘ Ghé @fbcHcal M8d 3§ dk8k&fthan fh a £8cond region
nanometre. 3. Device according to any of claims 1 or

2, ch%)rcééheewp@é”mal revensl- i n

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

15 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

20 the first region (A), the superficial fayer (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

25  superposition of a covering layer (7b) on a surface layer (7a), and in that in
the first region {A), the superficial layer {7) is formed by the superposition

of said covering layer (7b) on part (7a') of the thickness of the surface

layer (7a).



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 20 the first
region (A), the superficial layer (7) is only forned
vering layer (7b). 4. Device acc '
%?/5@%&8%% nms 1 or 2, characterised in that oﬁrcﬂjlﬂ}???g&ﬂ‘“
second region (B), the superf%]m al layer (7) is forned
by the 25 superposition of a covering |layer (7b) on a
surface layer (7a), and in that in the first region
(A), the superficial layer (7) is fornmed by the
super posia. Denicegiccerding te any of elgimsaler4,(chbjactenisedint that the

(7a . ' f r.f . 7

b 0oogibElst b LRI B ra i @?gf&{'?%%r(zék@"aefﬁsg at
t o alegsioinechaterial & ther gréup thamdbitregesed i n t hat t he
materials of the surface layer (7a) and the covering

| ayer (7b) conprise at |east one material of the

g¥ oup |1 16. Bedichisccardimg.to anp of mma&toﬁ;matﬁcmlse@irﬂhyt the
of clains aracterl |nth urf ac

I aye?u'J(afg) %15{35 (Za)dg“ﬁgn? g n‘fon&?nt \%(’.SQWGB nanél 510"
5. 10afémsanonaid irB trat dhé rmotrdﬂ'a‘tg talper mnerasr@ dbaarﬁrcc(nYél')t of

o nBoRBR R P BNG B 10? ol Biiis e Saat ARy of the

| ay ecoverihg ldayer {Vib)y i’semg}ﬁéiahnart that ofdhe bh&@uwéﬂm)l ayer
f?a). 10 7. Device according to claim®6, characterised
that the surface |layer (7a) and the covering | ayer

(7b) ar e medeicef adcbﬁilr‘@am? clairh &8, i@iarao@erls@@\fih aRat the surface
accor_

racterl sed |
Fhac v ekl qoveqngﬂewrdﬁb)(%m s delarelne
surface | ayer (7a) is between 0 and 10 nm and in that
the thickness, of the coveri ngﬁl ayer is between 1

and 20 rinPeyiceHsedingde any @lrﬂ%?»ctpzp Knagaciersed n that in

char yetirst ré@ﬂn |(ISJ) thQﬁnckH&@ of fH@quHaEé taye?@’ al) RBAedrd and
the barrier is thinner than under the second

regi SANPENA n i'aﬁt ﬂtﬁ’e‘\wc&@e%ﬁc%fdwwnﬂa layey (789 istpedyvpen 1 and
to 99pgph@racterised in that it

9. Device according to claim 3, characterised in that under the first

20  region (A), the barrier layer (4) is thinner than under the second region (B).

10. Device according to any of claims 1 to 9, characterised in that it
further comprises at least one ohmic contact electrode (5) and a Schottky
contact electrode (8).

25

11. Device according to claim 10, characterised in that the Schottky
contact electrode is positioned above the first region (A) of the superficial
fayer (7) and in that the second region (B) is the region of the superficial
layer (7) positioned between the ohmic contact electrode (5) and the

30  Schottky contact electrode (8).



further conprises at |east one ohm c contact el ectrode
(5) and a Schottky contact electrode (8). 25 11.

Devi ce according to claim 10, characterised in that
the Schottky contact electrode is positioned above

W& 2dobbicgiss €91 on (A) of the superficial | ay@fepZiosddesls
in that the second region (B);ds the region of the

superficial layer (7) positioned between the ohmc
contact electrode (5) and the 30 Schottky contact
el ectrode (8). WD 2009/ 068566 PCT/ EP2008/ 066244 22

12. Devi ¢ ccording.to an

charact er I%S@SVIF?I a%‘%f’mgtt gg%f:!gglés 3}5{ %ﬂegl%%?nsr?éj in that

myeﬁeg %@achgﬁhmbom\%nﬁ? G%rsﬁbﬁl‘rﬁkeﬁorlglclgﬂebatseﬁam‘ted by
ic e W i s greater nm

VanuPlates @f Whi %ﬁ%%w h@fgrﬁﬂteép@&f%’m c device

conpri si ng rraterlals of the group II1/N, said device
successwelﬁlconprlsm fromits base towar

sur f ace: agUiashiing s Msdhqchrd @A) electionigy vutiezlco%prising

adapiatbribR GORE YrouP k! e5ié ro%ﬂuc@%%lccé’d@welyaccﬂﬁﬁﬁslr@ffrom its
| ayer (4) characterised in that it conprises the

f or nB@SeIAWARS IEIfIBE? i er | ayer (4), of a superficial

| ayer (7). ééhp%ﬁ%hbéthﬁeﬁ ectri cal field is controlled
so that, in at | east one first %Ilon (A) of the

super f i ci-@ layeyér3)adpptadie C@Pt@!ft?ri ﬁFt"O’W%? d i s weaker

fan in a sesaadaygqepn (B) of the superf| cial layer
I( 15 14. Method according to claiml

c h ar act erdhaeasterised irnthat H@omaﬁ%theaﬂrmtw h@n the barrier layer

supe(4f)| &t leub@bf ‘é?'al (a@ar niHrWt%&%; tﬂé‘@lef:@ﬂcbl%ld‘% éérﬂﬁﬁled S0
axi al  growt a surface | ayer

bar r Fh@t in a/leastane, f irgh) realoeﬁﬂhgf tbe sap@rrf @ﬁl:iﬁyferl@) th%e'@ﬁféca‘
FiTShel ?é%{@ék(?('m%q [ A@osd Fefg?cﬁ?&l?) Yfﬁre suB8rf E%ﬂoayer (7?]
ept [ an

V\,herel n sald trenc s smal ler t
the thickness of the surface Iayer (7a), so t hat

there renpi RistRod StlcBiRlg BT ekRRS$3( CRadacRised 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
20 (7a), wherein the depth of said trench (10) is smaller than the thickness of
the surface layer (7a), so that there remains a residual thickness (7a’) of
surface tayer,
c) epitaxial regrowth to grow, on the resulting structure, a doped
covering layer (7b),
25 so that the superficial layer (7) is formed, in the first region (A), by
the superposition of the residual thickness (7a’) of the surface layer and
the covering layer (7b) and, in the second region (B), by the superposition

of the surface layer (7a) and the covering layer (7b).

30 15. Method according to claim 13, characterised in that the

formation of the superficial layer (7) comprises the following steps:



surface |l ayer, c) epitaxial regromh to grow, on the
resulting structure, a doped covering layer (7b), 25
so that the superficial layer (7) is formed, in the
first region (A), by the superposition of the

resi hi ckness (7a') of the surface |ay he
g@@ggyﬁ%&%ayer (7b) and, in the second regi?%“ﬁ%%?”@?”“
t he superposition of the surface | ayer (7a) and the
covering layer (7b). 30 15. Method according to claim
13, characterised in that the formation of the
superficial layer (7) conprises the follow ng steps:
WO 2009/ G 8bitaxia@rovER 20 Sl tisG2leser (Z3) ca) tmmanﬁaeritaler 4),

row h of e A t r layer
(o o) " e aFusfif ol Plhe i el Phias e s fver
(A GTa) thmrelurthadepﬂha:;fesald (réi'aj-t (mmsrgafeatet hmndﬁmdmabifo the
sai d than or equal to the
t hi ci?&cqéggscs qf(tl%%éuiqﬁegéfei yer (7a), g c) epitaxial
regr owt h o @pigaxis, regrovtth eorgeow) bin nige sésultitigustaictiare dapinthed

covering | so.that the superficial layer (7)
i's f%?ﬁga %’ 7?? first region (A), only by the

cgver i ng sbaystrthé §b;)erfﬂdfidi layer ( V?e f@rﬁlmlmm thegi'stlﬁedt@i (Apgnly
the _superposi.tion o rface |aye a

Covehf S| Sarng 1Ay (691Nt o SO el 4Bk 1 BY rihe
15, Qh:ﬂ#;ﬁtﬁtbhlrﬁ&(b durfalcB ddyel (Va3 6B thY) coveping layed (7bhe

t hi ckness of the barrier layer (4) under the f| rst

Y%gion (A is also etched.
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.



