Electroless M etallization of Dielectrics,
Semiconductors and Powder-Like Particles
KhoperiaT., ZedginidzeT. and KhoperiaN.
Ingtitute of Physics, Georgian Academy of Sciences
6 Tamarashvili St., Thilis GE-380077 Georgia
E-mail: temo@iph.hepi.edu.ge Fax: 995 32536937

A new competitive nanotechnology is presented
and the mechanism of sensitizetion and adivation is
described. The developed technologies of eledrolless
metalli zation of various materials are widely used in
piezengineaing, for mass production of ICs and
semiconducting devices, ceramic microplates, predse
microwire and film resistors and ather devices [1-5]. The
results of the investigation of Sn and Pd ions adsorption
and desorption were obtained using the methods of
radioadive isotopes and XPS [1-6].

The proposed methods alow to oltain
nanometer-scde layers (having the properties very
different from those of bulk materials) with unusual
eledricd, opticd, magnetic and mechanicd properties.

It is clealy observed that with the increase in
substrate roughnessthe surface @ncentrations of Pd and
Snincrease.

The part of palladium ions, not reduced by
sengiti zation-activation:

Sn (1) +Pd (1) =Sn (1V)+Pd, (1)
can be partially reduced at the subsequent interaction with
hypophosphite in the solution of eledroless deposition
acordingto the readion:

PACl,Z+H,PO, +H,0=Pd+H,PO; +2H"+4CI".  (2)

The ductility of the dedrolesdy deposited Ni-P
coating was studied by bending using a new ductility
tester designed by T. Khoperia. The operation principle of
the developed tester is based on the detedion of cradks
appeaing in the coating due to the bending. The bending
angle can be converted mathematicdly to the percent of
elongation.

Besides the wedge-shaped suppart, the ductili ty tester
has easily changeable suppats of different diameters
allowing to change the testing conditi ons.

The developed ductility tester has the following
advantages as compared with the existing ones:

1) It makes possble to olserve the aack development
during bending with the help of the microscope, to
ohserve (to photograph) the shape of crads and the
cracks density, their geometry, to measure the aack
length and width, and to deted the moment of
formation of a cntinuous cradk grid (merging of
cracks).

2) It aso alows us the in-situ observation of cradks
initiation, their growth and the speed o cradks
propagation at different (but constant) speels
spedmen deformation (bending).

3) Thedeveloped ductility tester enables usto determine
in-situ the ductility at different temperatures.

The a&ovementioned advantages of the ductility
tester (by bending) can help to overcome the severa crack
problems and particularly some problems of micro-
medhanics and flip-chip technology. This ductility tester
can establish the optima conditions for obtaining the
metalli ¢ coatings and varnish-and-paint films with desired
ductility and internal stresses. The maximum ductili ty of
the 30-micronthick NiP coating is readed at the
anneding temperature of 60C°C for 1 hour.

The developed methods of fabricating the thin void-
free aad paefree éedroless coatings on micro- and
nanosized particles (carbides, borides, nitrides, oxides,
zeolites, etc.) alow to oktain nanostructured composite
materials and coatings with the spedfied caalytic

adivity. The method alows us to vary the dedricd
resistance and melting points of the @atings in the wide
range. The incorporation of metallized powder-like
particles into metals, alloys, ceramics or plastics can
significantly increase their strength, microhardness
tribdlogicd properties, wea resistance, temperature and
radiation stability, and provide dry lubricaion. This point
is very important for powder metallurgy; for increasing
the toughness of metals (having high or low eledricd
resistance and melting points), ceramics and aher
dieledrics, emlogy (in the case of obtaining high-quality
adsorbents); civil nuclea techniques (at obtaining cgtters
for ultra-high vaaum); eledric-vacuum devices;
compasites fabrication; power eledronics;
microeledronics; photonics; machine buil ding; etc.

The grea importance of deposition of void-free ad
pore-free films on powder-like particles by the proposed
eledrolessmethod is emphasized also by the fad that the
theoreticd strength of metals and alloys exceals the
strength obtained in pradice 100 a even 1000times.

The powder of aluminium oxide (Al,Os) with the
grain diameter of 1 um was metallized with the Ni-P aloy
from the add solution by a chemicd method. From the
metalli zed powder, a cahode for hydrogen release was
made. The spedfic surface area Sy, Of this metallized
powder was measured with the help of the airves,
showing the change in the eledrode potential depending
on the amount of fed current (charge curves). The spedfic
surface @eaSq,c0f the metallized povder was equal to 30
m?/g. Then the number of particles (N) in a gram of the
powder was determined by the foll owing equations:

Syec mD? N=xt 1? N=30m?/g= 30 10"° um%g
Hence, N=9.5. 10"

The metalized micro- and nanosized powder-like
particles having the spedfied caalytic adivity and very
large spedfic surface @aea @n be dso successfully used
for capturing toxic gases and cleaning the environment.
The @ovementioned predetermined properties of
metalli zed micro- and nanosized perticles provide grea
possbiliti es of their applicaion in a biomedicd field, in
medicd pradice, etc.

The proposed method d metalli zation o powder-
like particles can be gplied for safe transportation and
destruction of gunpowder without explosion.
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