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gism of TiO2 bound with WG-QAC. Taking into
account preliminary results, TiO2 materials coated
with WG-QAC seem to be very perspective to be
applied as photocatalysts and photobiocatalysts.
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(ii) Titanium implantation
<AlN> + (Ti) → <AlN> + <Ti>

∆Go
298K=-425.57 kJ/mol

In addition, it is likely that the presence of titan-
ium in AlN substrate can lead to creation of TiN.
The value of ∆Go

298K computed for such reaction
seems to confirm this possibility:

<AlN> + (Ti) → <TiN> + <Al>
∆Go

298K=-445.91 kJ/mol
(iii) O+Ti implantation
Assuming that oxygen implantation may lead to
Al2O3 as in (i), one can expect the formation of
TiO, which is well wettable by copper. Then, the
calculation of Gibbs free energy gives:

<Al2O3> + 3 <Ti> → 3 <TiO> + 2 <Al>
∆Go

298K=-1232.66 kJ/mol
From these calculations, it appears that the prob-
ability of formation of titanium lean oxides, which
are not wettable, is 2 to 3 times smaller. Obviously,
the formation of TiN is also possible as it was shown
in (ii).
(iv) Ti+O implantation
In the fourth approach we intended to check
whether the sequence of implantation of titanium
and oxygen influences the quality of the joints. The
reasoning behind this approach stems from con-
sidering case (ii), where titanium implantation
leads to the formation of TiN and hence oxygen
implantation as the second step will promote the
formation of TiO according to the reactions:

<TiN> + (O) → <TiO> + (N)
∆Go

298K=18.26 kJ/mol
<TiN> + (O) → <TiO> + (N2)

∆Go
298K=-195.39 kJ/mol

The metallic ions were implanted using an
MEVVA type TITAN implanter with unseparated
beam, described in detail elsewhere. Oxygen ions
were implanted using a semi-industrial ion implanter
without mass separation equipped with a gaseous
ion source. The substrate temperature did not ex-
ceed 200oC. Ions were implanted at two accelera-

Direct bonding (DB) process is recently getting an
increasing interest as a method for producing high
quality joints between aluminum nitride (AlN)
ceramics and copper. Beneficial features of AlN
as a substrate material for AlN-Cu joints in high
power semiconductor devices are: high thermal
conductivity (about 10 times higher than that for
Al2O3 and only about 17% lower than for toxic BeO
ceramic), good electrical insulation, thermal ex-
pansion similar to silicon and non-toxicity. To form
AlN-Cu joint, two prerequisites must be satisfied.
Firstly, oxygen must be present in the system to
allow the formation of Cu/Cu2O eutectic liquid
(about 0.4 wt% oxygen in copper) with melting
point 1065oC, i.e. slightly below the melting point
of copper. Secondly, since the surface of pure AlN
is not wettable by this eutectic, this surface must
be suitably modified to ensure sufficiently strong
bond. Conventionally, AlN is oxidized in a furnace
to convert its surface into Al2O3 type, e.g. [1,2],
which is wettable by Cu/Cu2O eutectic. Recently,
we undertook a new approach to AlN pretreatment
prior to DBC using ion implantation technique to
form an intermediate layer between the joined el-
ements. In the present work, we summarize the
results of systematic experiments in which with
such ion elements as: O, Ti, Fe, Cr and Cu were
implanted in four versions into the commercial
AlN substrates. For each of them, the calculations
of the Gibbs free energy ∆Go was performed to
facilitate the prediction of the formation of a given
compound. The results are as follows:
(i) Oxygen implantation

<AlN> + 3/2 (O) → 1/2 <Al2O3> + (N)
∆Go

298K=-396.89 kJ/mol
<AlN> + 3/2 (O) → 1/2 Al2O3 + 1/2 (N2)

∆Go
298K=-852.56 kJ/mol

<AlN> + (O) → <AlN> + (O)
∆Go

298K=0 kJ/mol
<AlN> + (O) → <AlN> + 1/2 (O2)

∆Go
298K=-262.45 kJ/mol
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tion voltages, i.e. 15 and 70 kV. The fluence range
was between 1E16 and 1E18 cm–2. The base press-
ure in the vacuum chamber was about (2-5)E-4 Pa.

After implantation, some of the samples were
characterized by the Rutherford backscattering
(RBS) method (SIMNRA 5.0 30 days trial version
computer code was used).The metallic component
of the joint, i.e. oxygen-free copper in the form of
strips of 30x3x0.3 mm3 was first annealed at 600oC
for about 40 min in flowing nitrogen containing
1.5 ppm of oxygen. Subsequently the copper com-
ponent was oxidized in air at 380oC for 3 min. A
controlled-atmosphere tube furnace was used for
oxidation procedure.

Direct bonding process was carried at 1075±5oC
in a conveyor type furnace with a nitrogen flow of
60 l/min, for about 10 min. This procedure was pre-
viously adopted for the Cu-Al2O3 system. After
completing the joining procedure, the samples
were subjected to shear strength measurements
using a Hackert test apparatus. Both components
(Cu and AlN sides) were then examined with the
use of a stereoscopic optical microscope (OM).

The following regularity is observed, as regards
the shear strength, the sequence of ions implanted
into AlN in the direction of diminishing values is:
Ti, O+Ti, O, Ti+O (i.e. 73, 54, 40 and 34 kG/cm2,
respectively). As seen, in all cases listed above, the
values of shear strength are greater than the aver-

A/cm2 range. Recently we have undertaken an at-
tempt to synthesize superconducting phase of
MgB2 from the liquid state using a transient melt-
ing process without necessity of annealing in mag-
nesium vapor.

The ion implantation technique is combined
with the use of high intensity pulsed plasma beam
(HIPPB) irradiation. In our preliminary experi-
ments, we obtained encouraging results using bo-
ron implanted magnesium substrates (B→Mg) [2].
In the present work the magnesium implanted
boron substrates are adopted (Mg→B).

The substrates were cut out from a commer-
cial (Goodfellow) cast boron ingot of 99.6 wt%
purity in the form of mirror-like polished discs of
3.8 mm in diameter and 2 mm thick. In the first

age value obtained after conventional (oxidation)
pretreatment processes, which amounts to 14
kG/cm2. In view of the RBS results, it may be con-
cluded that the optimum treatment of AlN ceram-
ics is to form a thin TiN surface layer and that the
presence of oxygen is detrimental to the joint qual-
ity.

In conclusion: The investigations performed in
the present work confirm our assumption that ion
implantation is a very promising technique as a pre-
treatment of AlN ceramics for the formation of
the joints with copper in direct bonding process.

It has been shown that titanium implantation
gives the best results in comparison to other me-
tals examined (Fe, Cr, Cu) but also in comparison
to double Ti+O and O+Ti implantations. How-
ever, as regards the potential improvement in the
joint quality, oxygen implantation deserves further
study.

The sequence of titanium and oxygen implan-
tation has a marked effect on the joint quality,
O+Ti giving significantly better results than Ti+O.
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Since the discovery [1] of superconductivity in the
intermetallic compound MgB2 with transition tem-
perature as high as 39 K, several successful at-
tempts have been made to fabricate superconduct-
ing thin films of this material. The main reasons
for this interest are: low price of the component
elements, simplicity of the synthesis, relatively high
values of transition temperature Tc and critical
current density Jc, broad perspectives of applica-
tions in various industries including the power
industry and microelectronic application.
In papers published thus far, the synthesis of films
occurs in a conventional process of annealing of
the Mg-B system in the presence of magnesium
vapor. The values of Tc reported in the literature
are in the 22-35 K range, and Jc in the 3x104-2x106
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