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Abstract: The practical possibility of the atomic force microscopy method to evaluate uniformity of thin metal coatings on silicon wafers
after electronic processing has been shown in the paper. It is established that after processing of metallized surfaces of silicon plates Kp0 by
an electronic flow of continuous form, the microroughness decreases in 10-15 times and the Adhesive strength increases in 1.8-2 times. At
the same time, it is noted that the surface of metal coatings on silicon after electronic processing has a more homogeneous structure and
released from microdefects, unlike metallized coatings without electronic processing.
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1. Introduction

Structural features, thickness and microrelief of metallized
coatings on silicon elements of microelectromechanical systems
(MEMS) determine their performance characteristics, depending on
the method of production. A device for electron beam polishing of
wares has been described in the paper [1], which makes it possible
to realize a combined method: the application of metal coatings and
the subsequent processing of these coatings by a continuous
electronic flow.

In modern instrument making for the MEMS wares
production, thin (up to 1 mkm) metal coatings on silicon are widely
used. Such coatings, obtained, in particular, by evaporation in
vacuum, have properties (high adhesion strength, reflective power,
etc.), which allow them to be used as functional wear-resistant
coatings in precision instrument making [2].

The method for the production and the microrelief features of
thin coatings determine the performance characteristics of MEMS
elements linked with the instability of their properties over time. As
shown in works [3, 4], the reasons for such instability are the
dimensional effects (inequality of the coating thickness, surface
structure) and the operating conditions of these elements
(aggressiveness of the external environment, time and operating
temperature, mechanical interaction with other elements).

The possibility of metallized surfaces modification by an
electronic flow of the continuous form has been shown in the work
[5]. Besides, the technical and operational, chemical and tribometric
properties of coatings on silicon substrates have been improved.

At the same time, the method of atomic force microscopy
possesses essential advantages in the research of the microrelief of
metallized surfaces modified by an electronic flow, namely: high
accuracy of fixed microroughnesses of the surface (up to units of
angstroms) and sensitivity of the measuring console (=108 N), and
this method refers to non-destructive research methods that do not
require preliminary preparation of the material of the research and
pretend to the rapid research.

The aim of the work is the study using atomic force
microscopy of the microrelief of thin metal coatings on silicon
plates modified by an electronic flow, whose surfaces are used in
precision instruments industry for the production of MEMS
elements.
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2. Experimental method

The plane-parallel plates of circular form (20 mm in diameter
and 0.5 mm in thickness) made of silicon KpO were metallized by
aluminum.

Metallization and electronic modification was carried out on a
special laboratory machine (Educational and Scientific Center
"Micronanotechnologies and Equipment”, ChSTU, Cherkassy),
containing the evaporator and Pierce electronic gun.

The silicon plate, preheated to a temperature of 630 K, by
using of revolving traveling mechanism it was located in a vacuum
chamber above the evaporator unit, where for 5-8 sec the
metallization of its surface was carried out under the following
modes: the heating current of the evaporator is | = 115-125 A;
voltage on the evaporator is U = 20-22 V; distance from the
evaporator to the plate surface is h = 120 mm.

After the ending of metallization process, the plate moved
unceasing over the electronic gun. At the same time, a low-energy
electronic flow of continuous form (width 3.0 mm, length 60.0 mm)
affected the metallized surface. Electronic processing was carried

out at the following modes: accelerating voltage is
35 40 KkV; the current of the electronic flow is
175 200 mA; the current of cathode heating is

14.5 A; The electron flow rate is 4.5 ... 5.0 cm / s; the distance from
the anode of the electronic gun to the working surface is 40 mm;
single pass processing.

The microgeometry of the surface of the deposited coatings
and the "coating-plate" boundary was investigated by atomic force
microscopy method using the "NT-206V" instrument,
(manufacturer:

ALC "Microtestmashiny", Belarus) with silicon probes "Ultrasharp
CSC12", microposition system and built-in optical long-focus
Logitech microscope.

3. Results and discussion
As a result of the conducted researches it is established
that the gold coverings on silicon plates received by evaporation in
vacuum are non-uniform, have the increased porosity and contain
microdefects of a surface (cracks, points and etc.), Fig. 1.
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Fig.1. The topogram (a), the microrelief (b) of the surface of the
metal coating (Au) on the 13x13 mkm section on a silicon plate
Kp0 and a profile along the line 1-2 (c).

At the same time, the average roughness of a surface of such

coverings makes 50-75 nanometers.
The adhesive strength of the metal coating to the board was set by
the method described in [6] and was
20-25 MPa.

After metallized surfaces processing by a low-energy electron
stream of the ribbon shape, the metal coating melts, which
somewhat reduces the residual microroughness (up to 35-50 nm),
and its partial fusion into the surface layer of silicon increases the
adhesive strength of the coating to 34-45 MPa, Fig.1.
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Fig.2. The topogram (a), microrelief (b) of the surface of the metal
coating (Au) on the 13x13 micron section on a silicon plate KpO
and a profile along the line 1-2 (c) after modification by an
electronic stream.

4. Conclusion

The practical possibility of atomic force microscopy method to
estimate uniformity of thin metal coverings on silicon plates after
electronic processing which are used in precision instruments
industry is shown.

Using atomic force microscopy method, it was established that

after processing of the metalized surfaces of silicon plates KpO by a
low-energy electron stream of the ribbon form, microroughness
decreases from 50-75 nm (metalized surface) to 3.5-5 nm
(metalized surface after electron processing) and Adhesive strength
increases from 20-25 MPa to
34-45 MPa.
At the same time it is noticed that the surface of metal coverings on
silicon after electronic processing has more homogeneous structure
and it is saved from microdefects unlike the metalized coverings
without electronic processing.
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