
ELECTRONIC DEVICE WITH IMPROVED OHMIC CONTACT FIELD OF THE INVENTION
The present invention relates to an electronic device comprising at
least one support layer, a channel layer to contain an electron gas,
a barrier layer and an ohmic contact electrode formed by a
superposition of metallic layers the first of which is in contact
with the barrier layer. BACKGROUND OF THE INVENTION      Electronic
devices comprising at least one channel layer where an electron gas
is able to flow, a barrier layer, and at least one ohmic contact
electrode, find numerous applications.      Among these devices,
field effect transistors of the High Electron Mobility Transistor
(HEMT) type, or rectifiers are for example to be found. A HEMT
presents two ohmic contact electrodes (called "source" and "drain")
and a Schottky contact electrode (called "gate"), whereas a rectifier
comprises one ohmic contact electrode and one Schottky contact
electrode.      Structures whose base is formed by group III/N
materials are widely used in 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 channel layer 3.      Optionally, a buffer layer 2
is placed between support layer 1 and channel layer 3. This buffer
layer 2 presents a good crystallographic quality and suitable
properties for growth by epitaxy of the other layers which cover it.
It therefore ensures the crystallographic transition between support
layer 1 and channel layer 3. The buffer layer further ensures that
the voltage of the device is maintained. In the case of a transistor,
the buffer layer is electrically insulating, as it has to improve
confinement of the electrons in channel layer 3 reducing injection of
charge carriers to the  support. In the case of a rectifier, buffer
layer 2 is given a particular conductivity so as to maintain the
reverse voltage and guarantee forward conduction. 



Channel layer 3 is an important layer as it enables circulation of an
electron gas which can be two-dimensional and determines the
performances of the component due to its electron transport
propertieS.      The role of barrier layer 4 is to provide the
structure with free electrons - it is the donor layer.      Ohmic
contact electrode 5 enables carriers to be injected or recovered. In
the case of a transistor, there are two ohmic contact electrodes -
source 5 is the , electrode that injects carriers into the structure,
whereas drain 6 is the electrode which recovers the carriers. In the
case of a rectifier, there is only one ohmic contact electrode 5.
Ohmic contact electrode 5 is formed by a superposition of metallic
layers deposited on superficial layer 7 or on the top surface of
barrier layer 4 which in this case ensures a better ohmic contact.
Barrier layer 4 can be covered by a superficial layer 7 which
prevents the structure from being damaged and contributes to ensuring
a good Schottky contact with Schottky contact electrode 8 that is
deposited there-above.      Lastly a passivation layer 9 encapsulates
the device. In a general manner, passivation protects the surface of
the semi-conductor.      To optimize the performances of electronic
devices of this type, it is generally sought to improve the access
resistance of the ohmic contact electrode. This resistance is
directly linked to the resistivity of the superposition of metallic
layers deposited to form the electrode and to the resistivity of the
junction between this superposition of metallic layers and the
semi-conducting material of the device.      It is therefore sought
to optimize the contact between the metallic ohmic contact electrode
and the semi-conducting material of the device, called ohmic contact,
to obtain a reduced contact resistance, preferably lower than 1 0.mm.
This contact resistance is the resistance of the material to the
electric current flow and is measured using the Transmission Line
Method (TLM). This method is described in detail in chapter III
("Contact resistance Schottky barrier and electromigration") in the
book "Semi-conductor material device characterization" by Dieter K:
Schroder published by Wiley Publications.      To optimize the ohmic
contacts, several methods are already known from the state of the
art.      In the case where the ohmic contact electrodes are
deposited on the superficial layer, the conductivity of the latter
can be increased by doping. For example, if the superficial layer is
made of GaN, doping is performed with n-type carriers such as Silicon
and Germanium. But this type of doping modifies the electrical
properties of the whole of the structure transforming its band energy
diagram.      Another method consists in etching the superficial
layer and the barrier layer until the channel layer is reached and
in' making a contact called "lateral contact" between the ohmic
contact electrode and channel layer. But etching is tricky to perform
as it may generate defects on the etching sides which will minimize
the performances of the component (surface leakage current, reduction
of breakdown voltage).      Implanting silicon in the barrier layer
increases its conductivity with a contact resistance of 0.4 amm when
the silicon content in the barrier layer reaches 1019 atoms:cm-3
(reference can in this respect be made to the publication by
S.Denbaars et al. in IEE vol. 26 N 5 May 2005). However, to activate
silicon by reorganization of the crystalline structure after
implantation, very high temperature annealing is required (1500C
under 100 bars of N2), and this type of method is difficult to apply



It is also possible to deposit a Titanium/Aluminium contact on the
barrier layer and then perform annealing at 950C. At this
temperature, the metal diffuses in the barrier layer until it reaches
the channel layer in which the electron gas is circulating and
fosters a good ohmic contact. But this method comprises two drawbacks
which are at the origin of leakage currents reducing the efficiency
of the device: firstly the superficial layer has to be eliminated,
and secondly the annealing temperature corresponds to that of
formation of the material so that its surface is damaged during
annealing. Deposition of an encapsulation layer (for example of AIN
or Si3N4) to protect the surface during annealing is often necessary.
Finally, increasing the aluminium content from 20 to 30% in the AlGaN
barrier layer considerably improves the conductivity of the layer,
but the AlGaN alloy can thereby lcise its homogeneity and become
unstable. The strain stored in the AlGaN layer is in fact the greater
the higher the aluminium content, and relaxation of this strain is
moreover frequently observed by premature aging of the devices.
Moreover, too high an aluminium content in the barrier layer results
in an increase of gate leakage currents.  BRIEF DESCRIPTION OF THE
INVENTION      One of the objects of the invention is therefore to
propose a method that does not involve the drawbacks mentioned above
by improving the conductivity between the ohmic contact electrode(s)
and channel without degrading the structure of the electronic device,
this being achieved under conditions that are easy to implement on an
industrial scale. Another object of the invention is to form ohmic
contacts contributing to improving the reliability and lifetime of
the electronic device.      In general, the ohmic contact is created
by alloying of the superposed metallic layers which form the ohmic
contact electrodes with the semi-conducting material of the
electronic device, this material being formed by a binary, ternary or
quaternary alloy of group III/N elements, such as for example GaN,
AlGaN, AlInN, InGaN, InN, AIN or AlGaInN or any other composite in
addition containing boron.      Formation 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 alloying 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 surface 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
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 1019 and 1021 atoms.cm-3;  the
contact region presents a maximum metal content on its top surface; -
the barrier layer comprises at least one group Ill material and
nitrogen;  the channel layer comprises at least one group Ill
material and nitrogen;  the barrier layer is thinner under the ohmic
contact electrode than in the rest of the device.      Another object
of the invention concerns an electronic device successively
comprising from its base to its surface 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 ohmie contact electrode(s), comprising at least one metal
selected 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 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 metal content or a metal and
silicon content comprised between 1019 and 1021 atoms.cm-s; - the
barrier layer comprises at least one group Ill material and nitrogen;
the channel layer comprises at least one group Ill material
and.nitr6gen; - the barrier layer is thinner under the ohmic contact
electrode than in the rest of the device.       Another object of the
invention concerns an electronic device successively comprising from
its base to its surface a support layer, a channel layer to contain
an electron gas, a barrier layer, at least one ohmic contact
electrode formed by a metal alloy, 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 alloy, and total alloying binding the contact
region and the whole of the ohmic contact 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 Sohottky 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 metal content or a metal and
silicon content comprised between 1019 and 1 021 atoms.crri3; - the
barrier layer comprises at least one group Ill material and nitrogen;
- the channel layer comprises at least one group Ill 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 gas, and a barrier layer, 



b) formation of at least one ohmic contact 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 steps 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,  and in that after step b)
a step b') is performed of annealing the structure at a temperature
enabling at least local alloying between the material of the contact
region and the material of the first layer of the electrode.
According to other features of this method:  step a') comprises
implantation in the barrier layer of at least one metal selected from
the metals forming part of said superposition of metallic layers; -
the metal implanted in step a') is aluminium, titanium, molybdenum,
tungsten, ruthenium and /or tantalum; - in step a'), silicon is in
addition implanted; - the metal content or the metal and silicon
content implanted in step a') is comprised between 1019 and 1021
atoms.cm-3; - the annealing temperature of step b') is comprised
between 650 and 1050C;  between step a') and step b), annealing is
performed at a temperature comprised between 700 and 800C in a NH3
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 1050C between steps a') and b); 



the annealing temperature of step b') is lower than 750C. - 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 H EMT of known
type.  Figure 2 represents the structure of a HEMT according to the
invention.  Figures 3a to 3c represent the fabrication steps of a
HEMT according to the invention according to a first embodiment.
Figures 4a to 4c represent the fabrication steps of a HEMT according
to the invention according to a second embodiment. Figure 5
represents an alternative embodiment of a HEMT according to the
invention.  DETAILED DESCRIPTION OF THE INVENTION      The figures
represent a particular embodiment of the invention relating to a
field effect transistor of HEMT type, but the description that
follows applies in a more general manner to an electronic device
comprising at least one ohmic contact electrode, such as a rectifier
for example. For this purpose, the left-hand part of the figures will
be described in detail, the right-hand part with a second ohmic
contact electrode 6 being able to be described in similar manner. 



With reference to figure 2, a device according to the invention
successively comprises from its base to its surface a support layer
1, an optional buffer layer 2, a channel layer 3 where an electron
gas is able to circulate, a barrier layer 4, an optional superficial
layer 7, at least one ohmic contact electrode 5 and a Schottky
contact electrode 8.      Support layer 1 is made from a material
which may be semiconducting or not, such as for example Si, SIC, GaN,
Al203, AIN.      Buffer layer 2 is formed by a binary, ternary or
quaternary alloy of group III/N elements, such as for example GaN.
Channel layer 3 is made from a gallium-based group III/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 111/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 barrier layer material.
Superficial layer 7 is made of GaN.      Ohmic contact electrode 5 is
formed by a superposition of metallic layers, for example of Ti / Al
/ Ti / Au or Ti / Al / Ni / Au type, but molybdenum (Mo), tungsten
(W), ruthenium (Ru), and tantalum (Ta) can also be used. According to
an alternative embodiment, the ohmic contact electrode is formed by
alloying of said metals.      To ensure a good ohmic contact, the
first layer of ohmic contact electrode 5 is in contact with barrier
layer 4, whereas Schottky contact electrode is in contact with
superficial layer 7.      According to a first embodiment, barrier
layer 4 comprises a region called contact region 10, under ohmic
contact electrode 5. This contact region 10 extends throughout the
whole thickness of barrier layer 4 and also in the channel layer.
Contact region 10 is situated exclusively under the ohmic contact
electrode, i.e. it is  WO 2008/120094PCT/1B2008/000788 bounded in a
horizontal plane by the projection in a vertical direction of the
perimeter of the first layer of ohmic contact electrode 5 (said
horizontal plane-being, according to the figures, the plane parallel
to the surface of the device, said vertical direction being
perpendicular to the surface of the device). Said contact region 10
comprises the material of the layer in which it extends and a metal
forming part of the superposed metallic layers constituting the ohmic
contact electrode. The content of said metal is advantageously
comprised between 1019 and 1021 atoms.cm-3. 



Moreover, at the interface with ohmic contact electrode 5, alloying
called local alloying 12 exists binding contact region 10 and the
first layer .of ohmic contact electrode 5 in contact with the barrier
layer. Alloying 12 is situated at the interface between the barrier
layer and ohmic ' contact electrode 5 and is formed by the material
of the first layer of the electrode, of the barrier layer material
and of the metal.      The ohmic contact formed by this local
alloying is qualified as "non alloyed" as the metallic layers
constituting ohmic contact electrode 5 are not alloyed with One
another. Local alloying at the interface between the first layer of
the electrode and the barrier layer presents the advantage of
providing contact adhesion, which contributes to reducing the access
resistances. Moreover, it has been observed that a non-alloyed ohmic
contact of this type increases the reliability and lifetime of the
device, resulting in a very high mean time between failure (MTBF) of
some several million hours of operation. .      According to an
alternative embodiment represented in figure 5, ohmic contact
-electrode 5-is- formed-by-a-sing le-a lloying-which_comprises_s
Il_of_the_meta I lic_ I ay_ers 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 the metallic layers of
the electrode are alloyed. It should be noted that total alloying
only comprises the top part of contact region 10, the bottom part of
contact region 10 being formed by the material of the layer in which
it extends and by a metal forming part of the alloying forming the
ohmic contact electrode.      An interrnediate 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  contain an
electron gas, a barrier layer 4, at least one ohmic contact electrode
5 in contact with said barrier layer 4, a superficial layer 7 and a
gate electrode 8 in contact with superficial layer 7.      Barrier
layer 4 comprises a region called contact region 10 extending
throughout the thickness of barrier layer 4 and in channel layer 3,
under ohmic contact electrode 5.      Contact region 10 comprises the
material of the layer in which it extends and a metal from which
ohmic contact electrode 5 is made. Preferably said metal is aluminium
or titanium. The density of metal in the contact region is not
uniform: it is distributed over the thickness of the barrier layer
with a Gaussian profile with a higher metal content at the top
surface of barrier layer 4.      According to an alternative
embodiment, with reference to figure 4c, barrier layer 4 is thinner
under ohmic contact electrode 5 than in the rest of the device.
According to a particular embodiment, contact region 10 further
comprises' silicon.      A fabrication method of an electronic device
according to the invention will now be described. 



A first step comprises formation of an intermediate structure of the
type as represented in figure 3c or 4c described above.
Different methods of formation of the intermediate structure will
first be described in detail.      With reference to figure 3a, a
structure comprising layers 1, 2, 3, 4 and 7 is produced by a
technique known to the person skilled in the trade, such as MBE or
MOCVD for example. This structure can optionally be covered by an
encapsulation layer 14.      According to a first embodiment, a mask
is deposited on the surface of this structure so as to only leave the
location of the ohmic contact electrode free, then implantation of a
metal is performed in the barrier layer, through superficial layer 7,
this metal forming part of the superposition of metallic layers
constituting ohmic contact electrode 5.      The person skilled in
the trade adjusts the implantation dose and energy parameters
according to the nature of the materials and of the mask used so that
the implanted metal content is highest on the top surface of the
barrier layer. However,  the thicknesses of the layers of the
structure are so thin that a small quantity of metal will also be
implanted in channel layer 3.      As can be seen in figure 3b, a
contact region 10 has thus been formed under ohmic contact electrode
5, which region extends throughout the whole thickness of barrier
layer 4 and on at least a part of the thickness of channel layer 3.
It should be noted that implantation disorganizes the crystal lattice
of the material in which the metal was implanted. The implantation
step must therefore be followed by annealing enabling reorganization
of the material and diffusion of the implanted metal in the barrier
layer. Said annealing will be described in detail further on.      In
a second embodiment, with reference to figures 4a and 4b, superficial
layer 7 and a part of barrier layer 4 are etched at the scheduled
location of the ohmic contact electrode. Implantation of a metal can
thereby be performed as described above, but with a smaller dose and
weaker energy. The smaller thickness of the barrier layer does in
fact enable a lower energy to be used and a good ohmic contact to be
obtained with a smaller implanted metal dose.      This lower-dosed
implantation presents the advantage of involving a less costly
process as it is less lengthy. The implanted zone is in fact less
damaged and thinner than in the first embodiment and is therefore
easier to reorganize. Moreover, diffusion of the implanted metal in
the barrier layer takes place more easily and requires annealing at a
less high temperature.      According to a particular embodiment, it
is also possible to perform co-implantation of a metal comprised in
the stack of layers forming the ohmic contact electrode and of
silicon, with a silicon dose of about 1017 to 5.1019 at.cm-3. A dose
of 1017 at.cm-3 is in fact the minimum silicon dose to be implanted
to obtain n-type conductivity in the barrier, and implantation beyond
5.1019 at.cm-3 leads to the material being damaged. Silicon has a
doping effect enabling the height of the barrier to be lowered
thereby reducing the access resistances of the device even further.
In a particular embodiment, the silicon is not implanted but can also
be deposited during growth of the material forming barrier layer 4. 



In similar manner, co-implantation of two of the metals forming part
of the superposition of metallic layers of ohmic contact electrode 5
can enable a particular profile of the different metals to be
obtained in the semi-conductor and can participate in optimizing the
access resistances.      The second main fabrication step of the
electronic device, comprising annealing of the intermediate
structure, can be performed according to several alternative
embodiments which will be described hereafter.      According to a
first alternative embodiment, annealing is performed in a single step
taking place after formation of the ohmic contact electrode by
deposition of the superposed metallic layers on the barrier layer
after the superficial layer has been etched at this location. The
conditions of this annealing are: a temperature comprised between 750
and 1050C, an annealing time of 20 seconds to 30 minutes, in a
neutral gas atmosphere. Such an annealing results in reorganization
of the material, diffusion of the implanted metal in the thickness of
barrier layer 4 up to channel layer 3, and total alloying of the
metallic layers constituting ohmic contact electrode 5 with the top
part of contact region 10. The device obtained is represented in
figure 5.      It should be noted that the higher the annealing
temperature, the more the alloy that forms at the level of the
metallic layers. of the ohmic contact electrode seems to be
inhomogeneous with phase separation zones and therefore does not
present a good mechanical strength over a long duration, which
contributes to reducing the efficiency of the device over time.
According to a preferred second alternative embodiment, annealing is
performed in two steps.      A first annealing is performed on the
structure after implantation. This annealing at a temperature
comprised between 700 and 800C is performed for 20 seconds to 30
minutes in a NI-13 atmosphere to reorganize the material of the
barrier layer that was damaged during implantation. NH3 does in fact
present the advantage of stabilizing the surface better than N2 as it
dissociates at low temperature (as from 500C) and generates active
species which prevent evaporation of nitrogen from the GaN
superficial layer during heating to 800C and therefore damage of the
superficial layer. Using a NH3 atmophere therefore enables formation
of an encapsulating protective layer to be prevented.      If an
encapsulating protective layer 14, for example of Si02, was formed on
the structure, this annealing can be performed at a higher
temperature, preferably less than 1050C, until the stability
threshold of the material forming encapsulating layer 14 is reached
without damaging the surface of the material forming the superficial
layer. Use of a Si02 encapsulating layer is particularly suitable for
co-implantation of  metal and silicon. A temperature of 1050C can in
fact be reached in a NH3 or neutral gas atmosphere, enabling the
silicon to be activated in the crystalline structure before
deposition of the electrodes. These activation conditions are
advantageously easier to implement than those described by Denbaars
where a pressure of 100 bars under N2 at 1500C is required.
Encapsulation layer 14 is then etched but the superficial layer does
not have to be etched to achieve ohmic contacts by direct deposition
of the electrodes.     After this first annealing, encapsulating
protective layer 14 if present, is removed and etching of superficial
layer 7 is performed at the location of ohmic contact electrode 5 so
as to be able to deposit the first metallic layer of this electrode



After formation of ohmic contact electrode 5, a second annealing is
performed at a temperature called low temperature, i.e. lower than
750C and preferably lower than 650C, in a neutral gas such as N2,
F12, Ar2 or any mixture of these gases, for 30 seconds to 30 minutes.
The temperature of this annealing is too low to enable alloying of
the metallic layers forming the electrodes. It is however sufficient
to form local alloying 12 at the interface between the first layer of
ohmic contact electrode 5 with contact region 10. This local alloying
guarantees adhesion of the contact and contributes to reducing the
access resistances.     This second annealing embodiment therefore
enables the behavior of the device to be stabilized by stabilizing
the contact properties of the electrode, even if the temperature is
not high enough to perform alloying of the metals of the superposed
layers constituting the ohmic contact electrode. The ohmic contact
thus formed is said to be "non alloyed". Furthermore, it has been
observed that a non alloyed ohmic contact of this type increases the
reliability and lifetime of the device, which results in a very high
mean time before failure (MTBF) of some several million hours of
operation.     A third alternative embodiment of annealing consists
in only performing the second low-temperature annealing of the second
alternative embodiment described above, which also leads to formation
of a non alloyed ohmic contact. The technique of metal implantation
before forming electrodes has the advantage that the subsequent
thermal treatment will be sufficiently low to avoid damaging III/N
materials of the structure and to not lead to inhomogeneous ohmic
contacts. Indeed,  WO 2008/120094PCT/M2008/000788 the metals
constituting the electrodes have very weak diffusion coefficients in
III/N materials, thus the thermal budget (temperature/duration)
necessary for diffusion, that is known in the prior art methods for
forming the contacts, is so high that it does not allow the formation
of non alloyed electrodes or local alloyed electrodes. Moreover, this
high thermal budget leads to the degradation materials and to the
reduced reliability and lifetime of the electronic devices due to
inhomogeneous contacts.      In a general manner, annealing according
to the invention gives the opportunity of stabilizing the subsequent
performances of the structure as its temperature is higher than that
which will be produced in the material during use. The structure will
evolve rapidly to reach its final performances at the annealing
temperature (for example by desorption of contaminants) and will
subsequently present operation with a very great stability of
performance as is desired.      Three embodiments of the invention
will now be described applied to fabrication of a HEMT presenting
improved ohmic contacts. Example 1:  



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%.      Implantation of aluminium at high dose is then performed in
barrier layer 4 so as to achieve an aluminium content of more than
1019 atoms.crris at the level of the surface of barrier layer 4 in
the lattice of the material. The implanted metal content can be up to
1021 atoms.cre.      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 700C for 30
minutes in a NH3:N2 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  contact with
barrier layer 4. A second annealing is then performed at a
temperature of 650C for 30 seconds to 60 minutes. The passivation
layer and gate 8 are then formed. The ohmic contact obtained in this
example is about 0.15 to 0.5 amm. Example 2:      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%. 



Etching of the thickness of superficial layer 7 and of one third of
barrier layer 4 is then performed at the location of source 5 and
drain 6. For this, techniques known 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 implantation profile with a maximum at the surface of barrier
layer 4. The implanted aluminium content varies from 10" to 1021
atoms.cm-3. 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 1050C 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 Si02 or Si3N4 for example is then
formed on this structure.        Co-implantation of aluminium and
silicon is then performed so as to reach an aluminium content of more
than 1019 atoms.cm-3 at the level of the surface of barrier layer 4
in the material lattice. The implanted aluminium + silicon content
can be up to 1021 atoms.cm-3. 



Annealing of this structure is then performed at a temperature of
1050C for 30 minutes in a N2 atmosphere, the surface being protected
by the encapsulating layer used for implantation.      Encapsulating
protective layer 14 is then removed by any suitable means available
to the person skilled in the trade. A passivation layer of Si3N4 is
deposited.      The drain and source electrodes are deposited in the
form of a superposition of Ti / Al / Ti / Au or Ti / AL! Ni / Au
layers.      Finally, a second annealing is performed at a
temperature of 650C for 30 seconds to 30 minutes to form the non
alloyed ohmic contacts. In this example, the ohmic contact obtained
is about 0.15 to 0.5 D.mm.  CLAIMS 1 - An electronic device
successively comprising from its base to its surface: - a support
layer (1),  a channel layer (3) to contain an electron gas, - a
barrier layer (4)  at least one ohmic contact electrode (5) formed by
a superposition of non alloyed metallic layers a first layer of which
is in contact with the barrier layer (4), characterized in that the
barrier layer presents a region called contact region (10), under the
ohmic contact electrode(s) (5), a region comprising at least one
metal selected from the metals forming part of said superposition of
metallic layers. 



2 - The device according to claim 1 characterized in that local
alloying (12) binds the contact region (10) and the first layer of
the electrode (5). 3 - The device according to claim 1 or 2,
characterized in that it further comprises at least one Schottky
contact electrode (8), a superficial layer (7) on the barrier layer
(4), and in that the channel layer (3) is on a buffer layer (2). 4 -
The device according to one of claims 1 to 3, characterized in that
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 Ill and nitrogen, the contact region (10) comprises
aluminium, titanium, molybdenum, tungsten, ruthenium and/or tantalum
of which content is comprised between 1019 and 1021 atoms.cm-3. 6 -
The device according to claim 5, characterized in that the contact
region (10) further comprises silicon, the metal and silicon content
comprising between 1019 and 1021 atoms.cm-3.  7 - The device
according to one of claims 1 to 6, characterized in that the contact
region (10) presents a maximum metal content at its top surface. 8 -
The device according to one of claims 1 to 7, characterized in that
the barrier layer (4) is thinner under the ohmic contact electrode
(5) than in the rest of the device. 9 - A fabrication 'method of an
electronic device, comprising the steps of:      a) formation of a
structure comprising a support layer (1), a channel layer (3) to
contain an electron gas, and a barrier layer (4),      b) formation
of at least one ohmic contact electrode (5) by deposition of a
superposition of non 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 to 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 1019 and 1021 atoms.cm-3. 11 - The
method according to one of claims 9 to 10, characterized in that in
step a') silicon 's in addition implanted, the metal and silicon
content implanted being comprised between 1019 and 1021 atoms.cre. 12
- The method according to one of claims 9 to 11, characterized in
that between step a') and step b) annealing is performed at a
temperature comprised between 700 and 800C in a NH3 atmosphere.  13 -
The method according to one 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 1050C. 14 - The method
according to one of claims 9 to 13 characterized in that the
annealing temperature of step b') is less than 750C. 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 Ill and nitrogen. 




