WO 2008/ 031809 PCT/ EP2007/ 059500 1 Process for mnaking
a GaN substrate The invention relates to the nmaking of
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The general interest for this type of material is therefore very large.
Therefore, the invention in particular relates to making a thick GaN
20 layer with good crystal quality (i.e. free of dislocations) which may
optionally be used as a substrate for example for a subsequent epitaxy (by
substrate, is meant in this text an entity that is able to bear the conditions
of an epitaxy and that is flat enough to allow a good quality of the epitaxy,
i.e. to grow an epitaxied layer that is flat, without cracks and with a low
25 density of dislocations). Thick GaN films with low rates of dislocations,
allow high performance components to be made with longer life-times.
The high rate of dislocations is today one of the main technical
limitations for improving performances of nitride-based components.
It is notably very difficult to obtain on the market GaN substrates of

30 proper quality in a sufficient size for considering industrialization.



It is notably very difficult to obtain on the market
GaN substrates of 30 proper quality in a sufficient
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make functional components.
However certain electro-optical characteristics remain insufficient:
20 emitted light power, leak current, life-time, etc.

Further, the making of such composite structures is long and
expensive.

Moreover, with hetero-epitaxy, it is not always possible to totally get
rid of the problems related to mechanical interaction (thermal expansion)

25 Dbetween the substrate and the GaN layer.

Document EP 0 967 664 proposes another technique for making a
thick GaN layer by homo-epitaxy on a GaAs supporting substrate,
compatible with GaN epitaxy in terms of thermal expansion (the thermal
expansion coefficient of GaAs being relatively close to that of GaN). The

30 applied method comprises low temperature Epitaxial Lateral OverGrowth
(also called ELOG) of a first GaN layer on a bulk GaAs substrate covered



Docunent EP O 967 664 proposes anot her techni que for
meki ng a thick GaN | ayer by hono-epitaxy on a GaAs
WGE@postsdng substrate, conpatible with GaN epPCHER2007059500
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mask reliefs, confinement of a large number of defects, the latter thus
playing the role of a sacrificial layer, before being used as a nucleation

20 layer for the second GaN layer.

Now, making this last mask extends the manufacturing method in
time, by adding additional steps thereto for forming a layer and for SiO2
photolithography according to predetermined patterns favorable to lateral
growth of GaN.

25 These additional steps are further expensive to apply.

Finally, the first GaN layer which is then epitaxied, remains of such
poor crystal quality that it is necessary to epitaxy a strong layer of GaN in
order to attain good crystal quality and a rate of dislocations less than 10°
dislocations/cm?.

30 A goal of the invention is to make a thick GaN layer typically thicker
than 10 micrometers, with good crystal quality (i.e. a number of
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GaN. 25 These additional stepg are further expensive
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Other characteristics of this process are the following:

- the difference in thermal expansion coefficients between GaN and the
material(s) making up the supporting substrate is between about 0.1.10®
and about 2.10° K" for temperatures between about 20°C and about
500°C;
- the supporting substrate has at least one surface layer in germanium or
in an alloy made up of materials selected from the family of IlI-V materials;
the supporting substrate (40) may be in bulk GaAs;
- prior to step (a), the process may comprise forming a protective coating
on the supporting substrate; the protective coating may in particular be in a
dielectric material, such as SiOy;
- the protective coating is an encapsulation entirely surrounding the
supporting substrate, or a protective layer formed on the face of the
supporting substrate to be bonded to the first GaN layer; step (c) is a
selective chemical etching of the encapsulation;
- step (a) may comprise the formation of a bonding layer on one or both
bonding surfaces, before putting the supporting substrate and the first



and about 2.10-6 K-1 for tenperatures between about
20C and about 500C; 20 - the supporting substrate has

w@rooseasd9 one surface |ayer in germani um or i PCEEP2007/059500

10

15

20

25

30
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about 1 micrometer;

- the first GaN layer is initially comprised in an upper GaN layer of an initial
structure, step (a) then allows bonding not only of the first layer but also of
the whole initial structure to the supporting substrate, and the process
further comprises, after step (a), a step for removing the initial structure
located under the first GaN layer;

- the step for removing the structure located under the first GaN layer is
mainly applied by Smart Cut®, an implantation of atomic species having
been applied beforehand into said upper layer to a thickness close to the
thickness of said first GaN layer.

The invention also proposes a GaN substrate on GaAs, characterized
in that the GaN substrate has a density of dislocations less than about 10°
dislocations/cm? and has a thickness larger than about 10 micrometers.

The invention further proposes a GaN substrate having a density of
dislocations less than about 10° dislocations/cm? and a thickness

comprised between 10 and 100 micrometers.



grom h on the GaN substrate; 15 - the first GaN | ayer

has a thickness between about 500 angstronms and about
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supporting substrate 40 is applied in order to only retain said GaN
substrate 60. It is possible to remove either the whole supporting substrate
40 or a portion of it, provided that the remaining portion is so thin that it
20 does not have any influence on the subsequent epitaxy (i.e. the presence
of said portion of the supporting substrate does not induce strains in the
layer epitaxied on the GaN substrate 60 due to different thermal expansion
coefficients). Typically, the thickness of the remaining portion of the
supporting substrate is less than the thickness of the GaN substrate 60.
25 Furthermore, such a thin portion of the supporting substrate 40 does not
have influence on the mechanical strength of the GaN substrate 60 and
does not contribute to reinforce the GaN substrate in order to bear the
epitaxy. However, it can be interesting not to remove completely the
supporting substrate 40 because the duration of the removal of the

30 supporting substrate can thus be shortened.
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| ayer 50 or a portion of the Latter; - epitaxially
growm ng a second GaN | ayer on the GaN surface | ayer 50
so as to formtogether a GaN |l ayer 60 with sufficient
thickness in order to 15 make said GaN substrate 60
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supporting substrate 40 and the GaN of structure 10 is between 0.1.10°
and 2.10° K" between room temperature and about 500°C.

Thus, by means of this selection of materials forming the supporting
substrate 40, it will be possible to apply relatively high heat treatments
such as those which might be used in the bonding, epitaxy, or chemical
etching step, without causing substantial deteriorations at the surface of
the GaN structure 10.

Thus, a supporting substrate 40 in an alloy consisting of materials
selected from the family of llI-V materials from the Periodic Table but also
in germanium may be selected.

In particular, the growth substrate 40 is entirely made in bulk GaAs.

In the case when the supporting substrate 40 is in GaAs, a protective

coating of the supporting substrate 40 is preferentially formed, prior to the
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woreoosnsmde on of the crystal lattice cells of tPer/EP2007/059500

10

15

20

25

30

material. This orientation isgexpressed at both
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ot her opposite face will be said to be an N face. It
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With reference to Fig. 4, a step for reducing the initial structure 10 is
applied so as to only retain a GaN surface layer 50, with a low rate of
defects and/or dislocations, typically less than 10° dislocations/cm?.

For example, a surface layer may thereby be obtained with a
thickness between about 500 angstroms and about 1 micrometer.

This reduction step may be applied according to at least one
technique from the following, either taken alone or in a combination
together: chemical etching, optionally selective etching, Smart Cut™,
polishing, BESOI.

These different techniques, very well-known to one skilled in the art,
may notably be found again in the textbook « Silicon-on-insulator
Technology: Materials to WLSI, Second Edition » of Jean-Pierre Colinge at
« Kluwer Academics Publishers, pages 50 and 51 ».



3A. Another alternative consists of only formng this
protective coating on the surface to be bonded of the
WGE @postsdng substrate 40: the protective 5 coRPCT/EB200%059500
thus a protective |ayer 42 shgmn in Fig. 3B. This
coating may be selected fromdielectric material s,
such as Si02, in order to forma capping. Referring
to Fig. 3C, prior to bonding, a bonding |ayer 43 may
be forned on one or both of the bonding surfaces,
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°1 >). AXQh%?OS’ %%&1%%9 rrﬁ)g/r/ ggr?scl)sotwo 5gﬁgrcr)ncal etching, optionally
selective etching, by etching the rear face of the structure 10, optionally

20 keeping one portion.

With reference to Fig. 5, a crystal growth step for a second GaN layer
on the first GaN layer 50 is applied so as to obtain a GaN layer with
sufficient thickness so as to achieve by itself a substrate 60.

This thickness may typically be larger than 10 um.

25 Thus, the first GaN layer 50 is used as an initiator for growing the
second GaN layer, imposing to the latter, its crystal parameter and its
intrinsic crystallographic quality. Moreover, the face of the substrate 10
used for taking up the layer 50 has a polarity with which, after the transfer
process, a polarity may be obtained which is compatible with resuming

30 epitaxy, i.e. a Ga polarity.
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portion of the supporting substrate 40 so thin that it does not influence the
subsequent epitaxy).

This step for removing the supporting substrate 40 may be achieved
by chemical or gas etching of the latter on the rear face, by selective
chemical etching of the bonding layer or of the protective layer optionally
formed between the GaN substrate 60 and the supporting substrate 40, or
by any other technique capable of removing this supporting substrate 40.

If the supporting substrate is completely encapsulated by a protective
coating, a selective chemical etching of this coating can be achieved. For
example, if the encapsulation 41 is in SiO., hydrofluoric acid (HF) is
preferably used.

If there is a bonding layer 43 or a protective layer 42 at the bonding
interface between the supporting substrate 40 and the GaN substrate 60,
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by nmeans of the nethod for foyqing and transferring

the first layer 50 onto the supporting |ayer 40, as
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etching step of the supporting substrate 40 is applied at a high

20 temperature (typically from 500 to 1100°C) directly subsequently to and/or

during the epitaxy step for the second GaN layer in order to form said GaN
substrate 60.

This step for removing the supporting substrate 40 may thereby be
achieved in the same epitaxy enclosure than for growing the GaN

25 substrate 60, without any need for handling the whole of the

layers/substrates. For that purpose, it is only necessary to have both of
these steps follow each other by changing the nature of the gases
introduced into the enclosure. During epitaxy of GaN, the gases used may
for example be: a mixture of NHs, Hz, and TMGa for low growth rates
30 obtained in MOCVD or else a mixture of NHs, Hy, and GaCl, for high

growth rates in HVPE. After epitaxy, gaseous hydrochloric acid is



If the supporting substrate is conpletely encapsul at ed

by a protective coating, a selective chem cal etching
wobooslssozoat i ng can be achi eved. For exanpl epCT/EP100B059500

encapsul ation 41 is in Si02, drofluoric acid (HF) is

preferably used. 30 If there i's a bonding |ayer 43 or

a protective layer 42 at the bonding interface

bet ween the supporting substrate 40 and the GaN

substrate 60, WD 2008/031809 PCT/ EP2007/ 059500 11 it
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the i nvention e selective etching

15 Supporf\ftﬂ@lnsﬁﬂysqtpgmg Qf@hq; §ugwtlng§u§>§tratqfﬁbﬁhe ﬁjaN substrate
S M RIS b (A0 13RI, Bgele s e
sefrondm@hlal sty@sesnhas degoddocryetatiogedpthiccgiiblity and is ready for
a subsequent epitaxy in the same epitaxy enclosure. Furthermore,
stresses due to different thermal expansion coefficients are avoided
20 thanks to the absence of the supporting substrate. Besides, this GaN
substrate can be fabricated faster than by other techniques, because it is
thinner than substrates having the same crystallographic quality but made

by other techniques.

This application is notably appreciable in an industrial context, as it

25 provides a gain in time and in costs.

One skilled in the art will understand that this particular description of
the invention is not limiting, and is only an illustrative example of a more
general method for applying the invention. In particular, he/she may
generalize a method according to the invention to types of materials other

30 than those forming the supporting 40 and structure 10 substrates here,

and to types of structures other than the initial structure 10.



substrate 60. This step for renpbving the supporting
substrate 40 may thereby be achieved in the sane
wepiosaxygoencl osure than for growi ng the GaN 2BCT/EP2007/059500

substrate 60, w thout any neegh for handling the whole

of the layers/substrates. For that purpose, it is only
necessary to have both of these steps foll ow each

ot her by changi ng the nature of the gases introduced
into the enclosure. During epitaxy of GaN, the gases

used nhyrtherrthexdiffsirentoéayess nand \ubstratagHg eseliveditere may
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in H/PE. After epitaxy, gaseous hydrochloric acid is
WO 2008/ 031809 PCT/ EP2007/ 059500 12 introduced in the
epi taxy enclosure wth gaseous H2 and etches the
supporting substrate 40 - provided that the supporting
substrate 40 is not conpletely encapsul ated by a
protective coating. The tenperature may also be
varied. 5 The renoval of the supporting substrate 40
in the epitaxy enclosure (so-called "in situ

et chi ng") advantageously allows the fabrication of a
less thick GaN substrate 60 than a free standi ng GaN
substrate. Indeed, as the GN substrate 60 does not
need to be noved before the subsequent epitaxy, it is
not necessary for it to be free standing: a | owner

thi ckness 10 typically, about 10 m croneters that
forms a thick layer -, is sufficient to bear the
epitaxy. On the contrary, a thin GaN film (Il ess than
10 mcroneters, typically about 1 or 2 mcroneters)
does not have a sufficient mechanical strength and is
too fragile to bear an epitaxy w thout being

supported by a supporting substrate. 15 After in situ
etching of the supporting substrate 40, the GaN
substrate 60, due to its thickness and its growh
node, remains flat because it is free frominterna
stresses, has a good crystallographic quality and is
ready for
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absence of the supporting subgfrate. Besides, this GaN
substrate can be fabricated faster than by other
techni ques, because it is thinner than substrates
having the same crystallographic quality but made by
ot her techniques. This application is notably
appreciable in an industri @LAMS ext, as it 25
provides a gain in tinme and in costs. One skilled in

the art will understand that this particul ar
description of the invention is not Iimting, and is
only an_illustrative exanple of a nore general nethod
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together said GaN substrate (60),

2. Process according to the preceding claim, characterized in that the
difference in thermal expansion coefficients between GaN and the
material(s) making up the supporting substrate (40) is between about
0.1.10® and about 2.10° K for temperatures between about 20°C and
about 500°C.

3. Process according to any of the two preceding claims,
characterized in that said supporting substrate (40) has at least one
surface layer in germanium or in an alloy made up of materials selected

from the family of 11l-V materials.

4. Process according to claim 3, characterized in that said supporting
substrate (40) is in bulk GaAs.

5. Process according to any of the preceding claims, characterized in
that, prior to step (a), it comprises forming a protective coating on the
supporting substrate (40).
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10 mcroneters, (c) renoving at | east one portion of
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to the preceding claim charagjerized in that the
difference in thermal expansion coefficients between
&GN and the material (s) nmaking up the supporting
substrate (40) is between about 0.1.10-6 and about
2.10-6 K-1 for tenperatures between about 20C and
about 500C. 20 3. Process according to any of the two
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PCT/ EP2007/ 059500 15 6. Process according to claimb5,
characterized in that the protective coating is in a
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10.Process according to any of the preceding claims, characterized in
that step (a) comprises the formation of a bonding layer (43) on one or
both bonding surfaces, before putting the supporting substrate (40) and
the first layer (50) into contact.

11.Process according to the preceding claim, characterized in that the
bonding layer (43) is in SiO or SizNa.

12.Process according to any of claims 9 to 11, characterized in that
step (c) comprises a selective chemical etching of the layer (42, 43)
located at the interface between the supporting substrate (40) and the first
GaN layer (50).

13.Process according to one any of claims 9 to 11, characterized in
that step (c) comprises selective chemical etching of at least one portion of
the supporting substrate (40).
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conprises the formation of a ﬁynding | ayer (43) on one
or both bonding surfaces, before putting the
supporting substrate (40) and the first |ayer (50)
into contact. 20 11. Process according to the
preceding claim characterized in that the bonding
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18.Process according to any of the preceding claims, characterized in
that the first layer (50) has a thickness between about 500 angstroms and

about 1 micrometer.

19.Process according to any of the preceding claims, characterized in
that the first layer (50) is initially comprised in an upper GaN layer of an
initial structure (10), in that step (a) then allows bonding not only of the first
layer (50) but also of the whole initial structure (10) to the supporting
substrate (40), and in that the method further comprises, after step (a), a
step for removing the initial structure (10) located under the first layer (50).

20.Process according to the preceding claim, characterized in that the
step for removing the structure located under the first layer (50) is mainly
applied by Smart Cut®, an implantation of atomic species having been
applied beforehand into said upper layer to a thickness close to the
thickness of said first layer (50).
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