Laser-induced metal deposition on semiconductors from liquid electrolytes
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Maskless deposition of gold and copper from electrolyte solutions onto s-doped
semiconductors (GaAs, Si) is investigated. The metal deposits are found to have lateral
dimensions of about 1 zm and are in barrier contact with the semiconductor. The proposed
deposition mechanism is governed by the electric fields resulting from the Dember effect, the p-

n junction, and the thermal emf.

Laser-induced microchemistry is one of the most impor-
tant alternative methods for the fabrication of different elec-
tronic devices.'” Maskless laser-induced deposition of met-
als onto semiconductor surfaces is a field of growing interest
because of the necessity to provide well-localized (1 pum)
deposits with good conductivity, and with a controllable
type of contact (ohmic or barrier). Deposition from both
gaseous™ and liquid®'° phases has advantages and disad-
vantages, depending on the application.

Until now, two mechanisms for laser-induced metal de-
position have been described for electrolytes containing met-
al salts: (1) photochemical mechanism'"'%; (2) thermal de-
composition mechanism. ">

In this letter we present experimental results concerning
metal deposition onto semiconductors from liquid electro-
lytic solutions. The advantage of the present method is that it
is a simple technique which produces quality, reproducible
results. It is also amenable to theoretical treatment, which
will be the subject of a subsequent paper.'*

The experimental setup is shown schematically in Fig.
1. We used a copper vapor laser in a projection microscopic
configuration, which also initiated the deposition.'® This set-
up permitted the real-time observation of the deposition pro-
cess on a screen, with linear magnification of about 1000-
fold. The laser pulses (4 =510.6 nm, f= 10 kHz, 7,
= 20 ns) had an average power 1-5 mW and were focused
on the semiconductor wafer surface. The spot size diameters
were in the range 1-10 gm. The samples (#-Si and n-GaAs
with n = 10"® cm®) were put into a dielectric cell filled with
the metal salt solution [CuSO, or KAu(CN), standard
electrolyte]. No external electric field was used in our ex-
periments. A computer-driven x-y stage allowed the appro-
priate scanning and positioning. The samples with deposits
were submitted for mechanical, microscopical, and electri-
cal investigations.

Single crystalline n-type GaAs wafers with parallel 100
surfaces and without any precoating were used. Among
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many possible electrolytes, KAu(CN), was found to yield
the best results for gold deposition.

The diameter of deposits at the initial stage of the pro-
cess was found to be much smaller than the laser beam diam-
eter. The main part of the deposit (nearly 80%) appears
within 10-50 ms, and with a 1 s exposure time the deposit
diameter reaches that of the laser beam. Thus the deposition
rate decreases very dramatically with time.

The morphology of the deposit depends on the laser
beam diameter. Deposits with lateral dimensions of about 1
pm appear as a succession of structureless hemispheres, as
shown in Fig. 2(a). When the laser beam diameter is on the
order of a few zm, a well-defined gap forms in the middle of
the deposited region [Fig. 2(b)]. For even larger focal
points, the middle part of the strip is filled with spherical
metal particles.

Energy dispersive analysis by x rays reveals no conta-
mination, indicating purity to within the 1% accuracy of the
instrument (K, L, and M lines). The deposits prepared by
this method represent rectifying contact with GaAs with a
typical barrier height of 0.9 V. The conductivity of the ob-
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FIG. 1. Schema of the experimental apparatus.
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