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as a rectifier or a field effect transistor, for
exanple a Hi gh El ectron Mbility Transistor (HEMI) or

Met al %gﬂ@tg%ﬁr&ﬂwd XNPELEET8ONIC IDEVICE

rraterlals are materials contal ning at |east one oup
[1l elenment and nitrogen. BACKGROUND OF THE | NVENTI ON

Et chi nFIPLDE ITE INYENTRQNENt |y used in fabricating
eIectrornlc devi igure 1Cis a sch

s. Fi ti .
11 ust n8e; BrESst aRvenlah | GREEMTe e BIRORIG HsNiFe: pgged on
gh}reupl IH(N rroateciathe vsuoh by A cretﬂuf;eroomprfiesldseﬁéot?tnamsti&or, for
It g SUr t a
B8 ', g m18FFon, JpbS TR BYTHENT o hET insulator
s eenicordudton VES). 7Graup diM catenalacaree naterialdecd)taiming at
S@H%‘tbh E%%&h@ﬁiér&?ﬁuﬂ%g@ﬂd a passivation |ayer
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c agaptad tmgcapxblmahreieetrdn gasbehw@mwbhayensbmeyadee distinct, in

7 o8B Bl TR Mol P Mo B 5 BEFerany

orefgraetidoras ;hea‘rqha;nnef la@eoud. Howener, it is also possible for these
two layers to be combined, the buffer layer 2 being able, because of the
heterojunction formed at the interface with the barrier layer 4, to allow an
electron gas to flow. In this case the channel is defined in the upper part of
the buffer layer by the heterojunction formed with the barrier layer, without
belonging to a layer distinct from the buffer layer.

The buffer layer 2 presents good crystallographic quality and
appropriate properties for epitaxial growth of the other layers that will cover
it. It therefore ensures the crystallographic transition between the substrate
layer 1 and the layer formed on the buffer layer. The buffer layer 2 is
constituted from a binary, ternary or quaternary alloy of Group IlI/N
elements, such as GaN for example.
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that of the barrier layer in . order to allow the
forrratlon and flow of the electron gas therein.
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Finally, a passivation layer 9, composed for example of ZnO, SisN4
or MgO, is applied to encapsulate the device. Passivation generally
protects the surface of the semiconductor.

In the fabrication of such devices, use is frequently made of various
etching steps starting from an initial structure represented in Figure 1A.
The initial structure includes the substrate layer 1 on which the buffer layer
2, the channel layer 3, the barrier layer 4 and the superficial layer 7 have
been grown in succession.

Referring to Figure 1B, it is in particular known that, in order to
isolate devices fabricated within the same wafer, an isolation etching can
be carried out so as to form an isolation trench 10 between two devices.



2, the channel layer 3, the barrier layer 4 and the
superficial layer 7 have been grown in succession.
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that, in order to isolate devjces fabricated within
the same wafer, an isolation etching can be carried
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layer is defined by an entanglement of atomic steps, as well as
depressions linked to dislocations emerging from the crystal of the material.
The destruction of this morphology by etching may result in the formation of
surface defects and “surface states” which include electronic states
localized at the surface acting as electron traps, and the etching may take
place preferentially around the dislocations.
This results in particular in an increase in the density of crystal

defects and electron traps, creating leakage currents at the interface
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t hi s nor phol ogy by etchi ng gy result i n the formation
of surface defects and "surface states" which include
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surface | ayer neans etching of part of the thickness

of tEqgen

surface | ayer and/or part of the surface of
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C 4T Bl tAB ¥ndd18uRA & Iy8r'SheBns that the covering layer covers the
whole surface of the structure obtained on completion of the etching step,
in other words:

- if the surface layer is only etched through part of its thickness, the
covering layer covers the whole surface of the surface layer;

- if the surface layer is locally etched through its total thickness, such
that one or more trenches are formed through which an underlying layer is
exposed, the covering layer then covers not only the surface layer in the
regions where it remains but also the underlying layer exposed in the
trenches.

In a particular implementation, etching is also performed over part of
the thickness of the barrier layer.
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the surface layer is locally gtched through its total
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layer, AS‘ﬂJr?ﬁert QutSJ@étmoT ﬁﬁeolh%ﬁtl&f)%ﬁéérr@ 8R! EIREROAR device

t he rror with the thickness o
| Beadsrof Gros B melestais. COBPTBRG SurreRsal UG hasalp i
ebacﬂac@nl c device made of Goup Ill/N materials

conprisin ssively fromits base to its surface:
a sDbs% S&%ﬁr#gﬁ/% 8 ’a | ayer adapted to contain an

el eetradamrsadapted bacontain dmplaciroarghsa surface | ayer

over ab | LASt|aPaF ij the surface of the barrier
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res
Do G BERoL e Bl 1 e e, SUIEES B SPRei temcn or
| fregtlead aire tdoavred byn a covering layer of which the surface presents
atomic steps separated by plateaux of which the width is greater than 2 nm
and in that the material of the surface layer and the material of the covering
layer include at least one Group Ill element and nitrogen.

The electronic device advantageously includes an ohmic contact
electrode situated on the barrier layer or within the thickness of the latter.

It may also include a Schottky contact electrode situated on the
covering layer in a trench of which the depth is greater than or equal to the
thickness of the surface layer.

In a preferred embodiment, the surface layer is not doped and the
covering layer is doped.

BRIEF DESCRIPTION OF ILLUSTRATIONS
The invention will be better understood, and other advantages and
features will be made clearer from the description below of several
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advant ageously includes an oluric contact el ectrode
situated on the barrier layer or within the thickness
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are views 1 n cross section of an el ectronlc devi ce of
e¥i6Be, illustrating the different steps in the
fabrication of this device; - Figure 2 is a photograph

oh LheRrARER RS RON DR e NI, 0o
devi ce Leakagelcagents t he i nvention, illustrating the

CLt et BIgskEBRoh ddld BPINE RRRAClodidcp ARHAE-appear a
| theainterfaeg betweeridhe seperficialdaysn Grangr the passiwafion Iayer 9.

Ctl'hb@@t éur@é’rﬁ’c@a&orﬁlbhﬂse th Nh egh@RgtREIe e tfformance of the
erfici | ayer 7 and the passivation |ayer 9

OBt %‘H?% contribute to a dininution of the
per f or Maos foobntHEMA! #ahsistorcada\gate-solifes pdientianoHEVY for

o SRR "8 el BIBGROHL TH " 0 2B giaw ptehaboserves
béreferebse mayl ber miadeeinctbisTeggare toeitie publichtien myghr Hikkawa,
LGB CatoaR Bl yobRs o RIS, gages 2o

28P)- Figure 2 is a photograph of the surface of an

HEMT t Faqisgk s O éa@idtégﬁa%% by th| Rt cer oBeaMHENIT a¥nsistor
A?%?ﬁaﬁé.ff B boiediaf B8 Tolen MR Coriyisin ¢ SUnagicigblaver
of GaN on an AlGaN barrier layer and a GaN buffer layer. It may be
observed in this photograph that the surface of the superficial layer
presents an entanglement of atomic steps M and depressions D due to
dislocations. The height of the steps M is of the order of 0.25 nm.
Leakage currents can be due to several phenomena:

- interface states between the superficial layer and the
passivation layer. For transistors based on GaAs, for example, it is known
that the native oxide Ga,O3; formed from GaAs is unstable and causes the
formation of traps at the interface;

- defects emerging from the crystal of the semiconductor material
of the superficial layer. GaN, for example, typically presents 10" to 10°
through thickness dislocations per cm?. This produces surface depressions
around which the stress varies locally. The combined effect of the surface
morphology and the stress may have repercussions on the interface states
with the passivation layer: the modification of potentials at the interface
results in a change in the flow or the presence of trapped electrons;
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hei ght of the steps Mis of_the order of 0.25 nm
Leakage currents can be due to several phenonena:
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The surface layer 7a is also formed from a material including nitrogen
and at least one element from column Ill of the Periodic Table. It is
preferably made of GaN, AlGaN or InGaN, and must be chosen such that
its band gap is smaller than that of the barrier layer material. The barrier
layer 4 may for example be composed of AlGaN with an aluminum content
of 50 to 70% of the elements in column Il - the surface layer 7a may then
be composed of AIGaN with an aluminum content of 20%. If the barrier
layer 4 of AlGaN has an aluminum content of the order of 20%, the
aluminum content of the surface layer 7a will preferably be less than or
equal to 5%. The surface layer 7a has a thickness ranging from 1 to 10 nm.
The layers are grown by an epitaxy process (for example MBE

(molecular beam epitaxy)). It should be recalled that epitaxy is a technique
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fromthat of the buffer layer it is also necessary for

WO t@9lessdi gap to be smaller than that of the bedT/EP2008/066258

10

15

20

25

30

35

| ayer material. The channel_layer is preferably forned
from@N or InGN. The barrier layer 4 is formed from
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regrowt h i s understood to nmean that a second epitaxial
st epPreferably, in order to improve the quality of the surface of the device,

the material of the covering layer 7b has a lattice parameter near enough to
that of the material of the surface layer 7a, for example the lattice
parameter mismatch is less than 1%.

This is because in case of a large difference between the lattice
parameters of layers 7a and 7b, there is a risk of forming defects and/or
cracks in the layer 7b if the latter exceeds a certain thickness.

Furthermore, the temperatures of epitaxy of the materials of layers 7a
and 7b are preferably not too different, in order to avoid stress due to the
difference in thermal expansion coefficients, for example the difference is
less than 400°C.
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this second epitaxy step the same material can be
grown as in the first epitaxy step or a different
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epupentical |ﬁ§é@ﬂ’ dwish fommewfgomaha@edh@mm layer 7a and the
covering layer 7b; this configuration typically occurs in the regions situated
between the ohmic contact electrode 5 and the Schottky contact electrode
8;

- in regions where the surface layer 7a has been etched through
part of its thickness, the superficial layer 7 is constituted from the residual
surface layer and the covering layer 7b; and

- finally, in regions where the surface layer 7a has been etched
through its whole thickness, or even more deeply into the barrier layer 4,
the channel layer 3 or the buffer layer 2, the superficial layer 7 is
constituted solely from the covering layer 7b. This situation typically arises
in the trench for the Schottky contact (of which the etching depth is limited
to part of the thickness of the barrier at most), or in the isolation trenches
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size of the plateaux is diregfly linked to the
presence of | eakage currents at the interface between
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To this effect, after the formation of the covering layer 7b and the
passivation layer 9, etching is performed at the planned position of the
ohmic contact 5, of at least the passivation layer 9, the covering layer 7b
and the surface layer 7a, until the barrier layer 4 is reached.

Referring to Figure 3D, the ohmic contact electrode 5 is then deposited
on the barrier layer 4 or within the thickness of the latter and the Schottky
contact electrode 8 on the passivation layer 9 in the case of an MIS
transistor. In the case of an HEMT transistor, the Schottky contact
electrode 8 is deposited directly in contact with the covering layer 7b, the
passivation layer being deposited subsequently.

The electronic device described above therefore presents improved
performance relative to devices of the current technology, since leakage
currents linked to the etching process are limited.



5 1017 atons/cm 3, which advantageously reduces the
el ectron traps. An exanpl e of enbodi nent may conpri se
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pl anned position of the ohm c contact 5, of at |east
the passivation layer 9, the covering layer 7b and the
surface layer 7a, until the barrier layer 4 is
reached. Referring to Figure 3D, the ohm c contact
electrode 5 is then deposited on the barrier |ayer 4
or wwthin the thickness of the |atter and the Schottky
contact electrode 8 on the passivation layer 9 in the
case of an M S transistor. In the case of an HEMI
transi stor, the Schottky contact electrode 8 is
deposited directly in contact wwth the covering |ayer
7b, the passivation |ayer being deposited
subsequently. The el ectronic device descri bed above
therefore presents inproved performance relative to
devi ces of the current technol ogy, since |eakage
currents linked to the etching process are limted.- |
i It wll be noted however that surface defects |inked
to the etching process are not the only cause of

| eakage currents. Part of the | eakage currents is
intrinsic, in other words dependent on the nature of
the materials. Leakage currents with causes other than
etching may continue 5 to exist within the device. The
i nvention applies advantageously to a rectifier which
i ncl udes a



Schottky contact el ectrode and an ohm c cont act
el ectrode or an HEMI or MS field effect transistor
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drain and source) and a Schottky contact el ectrode
(known as a i o gate). CLAIMS 1. A process for
fabricating an electronic device nmade of group Il1/N
materials, including the growh by epitaxy, on a
support layer ( 1) , of t&EAMB owi ng successive

| ayers: - a |ayer (2 3) adapted to contain an
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and 'natd’aﬁ‘ﬁeﬂlﬁyeﬁﬁlgeéh@' of the surface layer (7a) and

the materia covering layer (7b) include at
| east @rwiri@cglayar(vakl enent and nitrogen. 2 . The
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tﬂag/ e&z% ng process I ncludes the formati on of at | east
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sbay@rt(?e Irethat mrrmtef@ﬁ the surfacerayer |ﬁ7a3)r@d3¥he material

ChhitA® éo@ﬁi@ﬁgzbay%F‘EWB?tlﬁéIUé@det' lea'sh%nee@BUBQIII' glethé® and
perforrred over part of the thickness of the barrier

| Qf€9€M4) . 4 . The process as clained in one of clains
lto 3 characterized in that during epitaxial

"SI PrichSs G YaBr B FRinh b idtalleriiRa T 186 REE etching
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PEOFEES |ARr ¢7 B aRFsHig tdnehm 5, characterized in that
after the formation of the covering layer (7b), it

i ncludes the follow ng steps: - formation of a
Sehdthekyrocess astclaiheet inoolee O8Yldims slaadd 2, ehahadterdZyd in that

a'egching is also performed over part of the thickness of the barrier layer (4).

4. The process as claimed in one of claims 1 to 3, characterized in that
during epitaxial regrowth the covering layer (7b) is grown and doped.

5. The process as claimed in one of claims 1 to 4, characterized in that the
etching of the surface layer (7a) is performed at the intended position for a
Schottky contact electrode (8), so as to form a trench (12) under the
Schottky contact electrode.

6. The process as claimed in claim 5, characterized in that after the
formation of the covering layer (7b), it includes the following steps:

- formation of a Schottky contact electrode (8) in said trench (12);
and

- formation of a passivation layer (9).



- formation of a passivation layer (9).7 . The process
as clained in one of clains 1 to 6, characterized in
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there is etched, at the plan gd position of at |east
one ohm c contact el ectrode ? a trench of which the
depth is at |least equal to the thi ckness of the

covering layer (7b) and of the surface layer (7a),
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| ayer (7a) including at |east one trench ( 10, 12),

characterized.in that the surface | ayer and said
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The & ECEFoN ce as clained in claim8
characBesuriasg layet Kéa) over aicleagepadofdhai surfaset aicthe barrier
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thin the th f th
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1 87t SRl o B eI RLCTERA of B GinglefiTere] idclude
n@f lepspeae &rraupdll elpnentranctregefg | ayer (7b) is
doped.

9. The electronic device as claimed in claim 8, characterized in that it

includes an ohmic contact electrode (5) situated on the barrier layer (4) or

within the thickness of the latter.

10. The electronic device as claimed in one of claims 8 and 9,
characterized in that it includes a Schottky contact electrode (8) situated on
the covering layer (7b) in a trench (12) of which the depth is greater than or
equal to the thickness of the surface layer (7a).

11. The electronic device as claimed in one of claims 8 to 10, characterized
in that the surface layer (7a) is not doped and in that the covering layer (7b)
is doped.



