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The conditions and modes of preparing high-quality electric contacts on lead tin telluride wire crystals by
chemical deposition of metals (in particular, nickel) are described. By an experimental approach, we found a
technique for the preliminary preparation of sample surface, which includes etching, degreasing, activation, and
deposition of a nickel underlayer. The conditions of heat treatment of samples for improving the adhesion strength

and decreasing the contact resistance are given.
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I ntr oduction

Semiconductor solid solutions of lead telluride and
lead tin telluride have been and ill are promising
materials as regards their use in photoeectric,
thermoelectric, and laser technology. Therefore, PbTe
and PbSnTe, as well as multicomponent systems based
on them, particularly films and wire crystals, have been
intensively studied in recent years [1-4]. Various types of
sensors and photodetectors have been designed on the
basis of single crystals and epitaxial layers of PbTe and
PbSnTe. However, the problem of preparing sensors
based on lead tin telluride with reproducible and reliable
parameters cannot be considered solved. The advance in
modern microelectronics is determined by the successful
solution of the problem of forming high-quality metal-
semiconductor contacts.

There are many techniques and methods for
preparing electric contacts: fusing, eectrochemical and
chemical deposition, vacuum evaporation, ultrasound,
overlay laser welding, etc.; each of them has its range of
application, advantages, and disadvantages [5-7].

PbTe and PbSnTe and some other semiconductors
have a hard-to-remove and easily reducible oxide film on
the surface and a deeply negative eectrode potential;
therefore, eectric contacts on them are made in vacuum,
in inert or hydrogen atmosphere; however, in this case,
energy consumption increases significantly and the
process becomes more involved. The method of chemical
deposition of metals enjoys wide application in
engineering for preparing metal-semiconductor electric
contacts; it isrelatively simple and reproducible and does
not require sophisticated expensive equipment [8].

The aim of this work is to develop a technique for
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preparing high-quality electrical contacts on lead tin
telluride, chiefly on wire crystals on its basis, by
chemical deposition of metals (in particular, nickel).

Chemical plating with nickel, as compared to other
metals and alloys (Ag, Cu, Au, In, Pd-Ag, Ag-Au, €tc.),
provides a durable, uniform, nonporous layer with a
desired thickness and high resistance to corrosion. In
addition, electrodeless nickel plating allows obtaining
smooth layers on samples of any geometrical shape;
other metals and alloys may be deposited on these layers
immediately, thereby simplifying the subsequent
processes [5, 6].

|. Experimental Results and Discussion

In this work, we describe the technique of chemical
deposition of nickel for preparing dectric contacts on
PbSnTe and wire crystals (WCs) grown by filling dead-
end evacuated quartz capillaries with liquid met of
PbSnTe under pressure of an inert gas with subsequent
directional crystalization. The diameters of WCs under
study ranged within 10-60 mm; they were single crystals
with the [100] preferential direction of growth [4].

It is known that, using standard techniques of surface
preparation, it is impossible to obtain tightly adherent
chemically deposited layers on PbTe and other alloys
containing more than 1-2% lead or cadmium even by
contacting with other metals being more el ectronegative
than nicke or activated in a solution of palladium
chloride.

Based on experimental studies, we have found
conditions and modes of preparing high-qualitative
contacts; they consist of two stages:

(a) the sample surface pretreatment that includes
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etching, degreasing, activation, and deposition of an
underlayer of nickd;

(b) chemical deposition of nickel.

The chemical deposition of nickel was carried out
both on wafers of bulk PbSnTe single crystals and on the
face planes of WCs. For this purpose, ssmples of WCsin
aglassinsulation were glued vertically in matrices by 50-
100 wires. Note that, in the process of work, we have
developed a specia technique for mechanical treatment
of the end surfaces of WCs. It is based on chemical-
mechanical polishing of WCs in a solution based on
glycerol, ammonium chloride, and potassium dichromate
not involving the process of mechanical polishing; this
technique reduces the damaged layer depth to a minimal
value of 2 nm, whereas after mechanical polishing this
valueis upto 20 mm.

Before proceeding to the deposition of an underlayer
of nickel, after the chemical-mechanica polishing, we
subjected the sample surface to degreasing in an alkali
solution of the following composition: 10 g/l
Na,CO5-10H,0 and 20 ¢/l NagPO,-12H,0, a T = 30-
40°C during 2-3 min.

After that, the samples were washed thoroughly with
deionized water, immersed in boiling isopropyl alcohol,
and treated in alcoholic fumes.

The samples were etched in a solution of 10 parts of
(95% HBr + 5% Br) and one part of toluene. Toluene
contributes to the intensity of dissolution and eiminates
formation of oxide film on the sample surface [9]. The
polishing process was completed by thorough washing of
enchant with acetone and then with deionized water.
After that, the samples were immersed into a 10% HBr
solution at a temperature of 18-20°C during 10-30 s.
With a view to avoiding the formation of an oxide film,
the samples were immediatel y subjected to contact nickel
plating in a solution containing hydrobromic acid and
nicke chloride.

Upon immerson of the samples in this solution,
there take place dissolution of oxides from the surface
and precipitation of an underlayer of nickel with grayish-
blue tint on the clean surface. It is pertinent to note that
the nickel underlayer not only significantly decreases the
value of contact resistance at the average values of
resistance of lead tin telluride but also leads to
approximately the same contact resistance. Presumably,
thisindicates that a potentia barrier in the formation of a
contact isthe (Br-Ni-Cl)/PbSnTe interface [10].

On the nickd underlayer on the sample surface
treated by the technique specified, we deposited nickel
from the phosphate solution of the following composition
(g/): 24 NiCl-6H,0, 35 NaH,PO,-H,0, 25 NH,CI, and
30 5% solution NH,4; pH = 8.9; the solution temperature

was 25-30°C.

As a result of microscopic studies, the optimum
conditions for obtaining uniform and nonporous high-
quality surfaces were found. To improve the quality of
deposition and to hasten the process of nickel plating, it
is necessary to ir the solution continuously with a
magnetic dtirrer. The nickel layer thickness may be
varied within 0.05-100 mm. The layer thickness depends
on the rate of rotation of the magnetic dirrer. The
temperature of the working solution must be constant
(25-30°C) throughout the entire process of deposition,
because an increase in the solution temperature leads to
deterioration in the adhesion strength; a low temperature
resultsin a brittle coating. The solution pH must be kept
constant within 8.9-9, because at pH = 5-6 the coating is
loose; at pH > 9 the coating is dark-colored and poorly
adheresto the materid.

To improve the adhesion strength and to decrease the
contact resistance, the heat treatment in vacuum of 530
©.10° mm Hg was carried out at 120-200°C for 20-30
min. To avoid high mechanical sresses, the cooling rate
did not exceed 10 deg/min. The resultant layer is
mechanically strong and uniform; it is suited for
connecting electrical leads. After the heat treatment, it is
possible to deposit other metals or alloys (gold, platinum,
copper, silver, etc.) by chemical or other methods that
allow connecting e ectric contacts to WCs.

The adhesion strength of the nicke layer, which is
determined by tearing the copper microwires with a
diameter of 50 mm soldered to microcontacts, was 6-8
kg/mm?. Micrographic investigation of the microcontacts
showed that it is appropriate to deposit nicke with a
thickness of 8-20 nm, because in the case of thickness of
3-5 mm, the nickel layer in the course of soldering was
dissolved by the solder in some places.

The use of the described technique of surface
preparation makes it possible to obtain high-quality
contacts both on bulk samples of lead tin telluride and on
films and WCs in a glass insulation obtained of these
aloys.

This technique is of particular practical importance
for preparing microcontacts on thin wires, because it is
simple, low-cost, and environmentally friendly; it allows
automating the process of obtaining of high-quality and
durable microcontacts of desired sizes on a large number
of wires simultaneoudly.
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TexHoJ10risi BUTOTOBJICHHS AIKICHUX KOHTAKTIB HA TeJIypH/Ii CBUHIIO TA 0JI0BA

Incmumym enexmponnoi indicenepii | npomucnogux mexnonoeit Axademii nayx Monoosu,
eyi. Akademiuna 313, Kuwunie, M/ 2028, Pecny6aixa Mondosa
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HaBeneno ymoBH i peKMMH BHTOTOBIICHHS SIKICHHX €JIEKTPHYHHMX KOHTAKTIB Ha HHUTKOIOMIOHMX KpHCTalax
TEJIypHIy CBHHIIFO-0JI0Ba XIMiYHHUM OCQ/DKCHHSIM MeTalliB (30KpeMa, Hikelo). EKxcepuMeHTalbHUM LUIIXOM OYJI0
3HAl{JIleHa METO/MKa MOePEHBOI iIr0TOBKU IOBEPXHI 3pa3KiB, IO BKIIIOYAE TPABJICHHS, 3HS)KUPESHHSI, aKTHBALIIO i
OCaJDKEHHS MiAmapy Hikeno. HaBeneHo yMoBH TepMOOOpPOOKHM 3pa3kiB JUlsl ITiABUIIEHHS MIIHOCTI 34YEINICHHS Ta
3MEHIICHHS ONOpY KOHTAaKTiB.
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