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HAHOTEXHOJIOITI ¥V NPUJIAJOBYIYBAHHI
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PERSPECTIVES OF DEVELOPMENT OF MULTIINSTRUMENTAL
ATOMIC-FORCE MICROSCOPY UNDER NANOMETRIC RESEARCHES
OF COMPONENTS OF MICROSYSTEM EQUIPMENT

Abstract. The paper shows the prospects for the creation and development of multi-
instrument measuring instruments of atomic force microscopy, which can be used to conduct
complex nanometric studies of components of microsystem equipment. A computer simulation
of the design of a multi-probe chip based on electron-thermal separation of a massive
piezochip base material into separate domain-dissipative zones that are mechanically and
energetically independent from one another is proposed and carried out.

Keywords: multi-instrument measuring instruments, atomic-force microscopy,
microsystem equipment

Anomauin. B pobomi noxazamo nepcneKmugy  CMEOPEHHs mMd  PO3GUMKY
MYTbMUTHCMPYMEHMATLHUX SUMIDIOBATILHUX 3AC00i8 MemOo0y amoMHO-CUNO0B0I MIKPOCKONII,
Wo ModACyms Oymu GUKOPUCMAHI OJisL NPOBEOEHHS KOMNIEKCHUX HAHOMEMPUUHUX O0CTI0NCEHD
KOMNOHEHMI8 MIKPOCUCTMEMHOI MmexHIKU. 3anponoHO8aHO mda NpoeeoeHo KOMHN tomepHe
MOO€eN08aHHA KOHCMPYKYLT MYTbMU30HO08020 YUNY, 8 OCHOGI SIKOI Nedcums eneKmpoHHO-
mepmiyHe po30iNeHHs MACUBHO20 Mamepiany OCHOBU Nbe304Uny Ha OKpeMi OOMeHHO-
OUCUNAMUBHI 30HU, WO MEXAHIUHO MA eHePIeMUUHO He3ANIeHCHI 0OHA 8i0 OOHOI.

Knrouogi cnoea: mynemuincmpymeHmanvHi GUMIPIOGANbHI 3ACO0U, AMOMHO-CUNI08A
MIKPOCKORISl, MIKDOCUCIEMHA MEXHIKA

Recent trends in the development of various highly intelligent branches of technique
and technology (micro-, nanoelectronics, microelectromechanics, functional medicine,
aerospace technologies, robotics, etc.) are devoted to the active creation and application of
components of microsystem equipment (MSE) in products manufactured by them [1]. This is
due to a significant increase in the performance and functionality of such components. The
main advantages of these products also include their miniaturization (the dimensions of
individual components reach hundredths of a micrometer), the versatility of application, the
resistance to environmental conditions (sometimes chemically and biologically active and
aggressive), and their relatively low cost.

At the same time, the method of atomic-force microscopy (AFM) has proved itself to
carry out nanometric studies of the relief and physical properties of the surfaces of MSE
components [2]. The latest achievements of the developers of the hardware and
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methodological base of the AFM method make it possible to produce with it a number of
unique studies and tests, not limited to the mechanical characteristics and topology of the
surface of materials [3].

This suggests the possible use of AFM for complex nanometric studies of MSE
components in a single work cycle. On the other hand, the use of a series of removable probes
in such studies raises a number of difficulties and problems: rapid failure of both the
measuring instrument and the AFM instrument in the measuring module part; the
impossibility of unambiguous determination and positioning of the probe in the research area
after the replacement of the measuring instrument; dynamic changes in the measured surface
properties (especially for photo-, electron-, bioactive materials), which entail relaxation
changes in the surface layer of the material at the nanometric level (thermal drift of atoms,
mechanical and electrical microdeformation, etc.) [4].

Therefore, the authors of the article attempted to develop multi-instrumental tools as a
measuring instrument for nanometric measurements by the AFM method. The main problem
faced by developers of such tools is the complexity of their technological implementation, as
well as a little-studied mathematical apparatus for separating signals coming from different
probes simultaneously. This problem is aggravated if the probes measure different, mutually
independent variables in a dynamic measurement mode.

As a solution to this problem, the developers of the AFM nano-instrument are offered to
divide the piezochip base, which serves as the generator of the measuring signal for separate
domain-dissipative zones [5], with further formation of separate sensitive sensors (cantilevers
with measuring probes), Fig.1.

Fig. 1. Model of multi-probe chip AFM:
1 — base (piezochip); 2 — zone of domain separation of a piezochip; 3 — cantilevers with sensitive
elements (probes) at the free ends

A feature of this design is the possibility of flexible regulation of the length of the
cantilever, which will provide the necessary level of rigidity of the latter, as it will expand the
value range of the measured values.

So, the computer simulation of the multi-probe chip, shown in Fig. 1, in CAE system
COMSOL Multiphysics allowed to draw conclusions about the possibility of using such a
chip in nanometric studies of MCT components. Further study of the obtained models and the
implementation of such a piezochip will allow us to establish rational ranges of measured
values, as well as operating parameters of the measuring system itself in carrying out complex
studies.
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Conclusions. The prospects for the creation and development of multi-instrumental

measuring instruments for the realization of complex nanometric studies of MSE components
are shown.
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