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Abstract: The article considers the peculiarities of the technology of creating a multiprobe system for nanometric measurements of 

geometric and mechanical properties of the surfaces of microsystem devices. This system is built on the sites of domain-dissipative structures 

formed by the method of combined electron-beam micromachining on piezoelectric ceramics of the grade "lead zirconate-titanate". The 

fundamental problem of creating such a nanoinstrument – measuring probes is the difficulty of determining the exact location of the contact 

regions of these probes. A fundamentally new method of high-precision formation of contact regions by the electroplating capillary method 

is considered. It is shown that the application of this method will speed up 3.5 – 5.5 times the process of measuring geometric and 

mechanical surface parameters, as well as the sensitivity of the measurement process by 10 – 18%, which, in general, increase the 

productivity and reliability of determining these parameters of surfaces of microsystem devices on average – by 15 – 25%. 
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1. Introduction

Piezoceramic elements and devices based on them have

recently been increasingly used in such fields of science and 

technology as precision instrumentation, medicine, hydroacoustics, 

aerospace and shipbuilding [1]. The high accuracy, reliability, 

sensitivity and control flexibility of such devices, the possibility of 

their implementation in miniature dimensions allow the use of 

piezoelectric elements as measuring elements for diagnosing the 

molecular composition of various gases and liquids, even under 

high pressure, temperature, vacuum and aggressive environments, 

and in some cases (for example, when measuring the pressure of the 

coolant at nuclear power plants) piezoelectric element is the only 

possible measuring instrument. 

Another region of metrological measurements that is 

impossible without the use of piezoceramic materials is scanning 

probe microscopy, where such materials are used as the main 

measuring elements in the measuring unit, as well as the main 

element of the precision supply unit of the measuring instrument to 

the sample [2, 3]. 

The main advantage of using piezoceramic elements in 

measuring devices is due to their special structure, which allows to 

implement in one such element fundamentally different schemes, 

for example, for simultaneous measurement of temperature, 

pressure and humidity. However, the specificity of the manufacture 

of such elements negates the possibility of their miniaturization. 

The way out of this situation is seen in the formation of domain-

dissipative structures in piezoelectric ceramics by creating ordered 

nanostructures on its surface. 

One possible variant of such a measuring element is a 

piezoceramic chip with thin consoles formed on its surface. The 

composition and shape of the tip of the consoles are selected based 

on the condition of deposition of molecules of the test gas (liquid). 

The intrinsic oscillations of the molecules cause the console to 

oscillate, which in turn causes an electric pulse to form on the 

piezoceramic chip. By the nature and duration of such a pulse, an 

idea of the molecular composition of the test substance is formed. 

However, the complexity of manufacture and the narrow range of 

measured values do not allow the widespread use of such measuring 

elements in practice. 

As shown in [4 – 6], ordered thermal nanostructures on the 

surfaces of piezoceramic elements can be obtained by thermal 

deposition in vacuum. Further action on such surfaces by the 

electron flow of the tape form [7, 8] leads to the formation in 

piezoelectric ceramics of zones (domain-dissipative structures) with 

different values of the piezomodule d31 and the coefficient of 

electromechanical coupling K, which, in turn, allows you to create a 

piezoelectric circuit, limited by the volume of such a single zone. 

However, the main difficulty in creating probes on such 

ordered structures is the need for high-precision formation of 

micrometric conductive sections of a given shape and location. 

In the course of previous experiments [9, 10] it was shown 

that a significant influence on the formation of ordered 

nanostructures has not only the thickness of the applied coatings, 

but also the geometric characteristics and chemical purity of the 

material to be deposited. 

Therefore, the electroplating capillary method is promising 

for obtaining such contact regions. 

Another important issue that needs to be addressed is the 

choice of method of control of the obtained structures and elements 

on them [11]. 

Among the existing non-destructive methods of control, 

which can be used to determine both the state of the surface of 

piezoelectric elements (its microgeometry and purity) and the size 

of the structures formed on it, the most promising is the method of 

atomic force microscopy, which has high accuracy (up to 1 nm); 

sensitivity (of the order of 10-12 N) and performance. Therefore, the 

development of technology for creating a multi-probe system for 

nanometric measurement of geometric and mechanical properties of 

surfaces of microsystem devices and the study of microgeometry 

and surface condition, as well as identifying the boundaries of 

individual regions in piezoceramic elements using atomic force 

microscopy is an important task. 

The aim of the work is to study the peculiarities of creating 

ordered domain-dissipative structures in piezoelectric ceramics with 

the subsequent formation of contact regions and measuring probes 

using a combined galvanic capillary method with subsequent 

electronic micromachining, which allows to create miniature 

elements of multiprobe measuring and measuring surface properties 

of microsystem devices. 

2. Experimental research
The experimental part of the work was carried out in

specialized laboratories: "Laboratories of vacuum technology and 

electron beam processing methods", "Laboratory of Applied Optics 

and Atomic Force Microscopy" of the Training and Research 

Center "Micronanotechnology and Equipment", established at 

Cherkasy State Technological University. 

The method of combined technology to create a multi-probe 

system was as follows. Initially, electronic microprocessing of 

piezoelectric surfaces consisted of two stages and consisted in the 

formation of a thin homogeneous metal (Ni) coating up to 1000 nm 

thick on the surface of piezoceramic elements of the ZTP grade by 

thermal deposition in vacuum (2...3).10-3 Pa. The formation of 

ordered structures (respectively, domain-dissipative structures) on 

the thus obtained coatings was carried out electronically, when the 

flow of low-energy electrons affected the surface of such coatings 

through a removable mask and led to partial melting and 

evaporation of the coating material. In this case, the control of the 

electron flow power in the process of such combined 

microprocessing allowed to simultaneously separate zones with 
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different values of the piezomodule d31 and the coefficient of 

electromechanical coupling K and, at the same time, to polarize 

these zones in a given direction.  

The next step after the creation and polarization of metallized 

nickel-plated domain-dissipative structures in piezoceramics is the 

formation of measuring probes on the surfaces of these structures. 

This formation is carried out by electroplating capillary method, the 

essence of which was the electrochemical deposition of Ni and W 

ions from a liquid solution of the following composition: 

NiSO4
.7H2O: Na2WO4

.2H2O : Na3C6H5O7
.H2O : NH4OH = 2 : 5 : 6

: 3.  

In the first stage, a thin film (buffer layer) of Ni powder, 

which is used for the manufacture of piezoelectric electrodes 

(Powder Nanotechnologies LLC, Cherkasy), was applied by 

resistive deposition. Modes of the coating process: film thickness h 

= 60… 80 nm; evaporator current I = 20 A; deposition time t = 

2.6… 4.8 s; the average size of the precipitated particles is 0.6… 1.1 

μm. The deposition of the buffer layer was associated with the need 

to increase the cohesive strength formed on the coating of the probe 

and create a more uniform coating. 

In the second stage, under the same deposition modes and 

deposition time t = 5.6… 8.4 s, ordered structures were applied 

through a removable molybdenum mask. Subsequent low-energy 

electron microprocessing of the obtained coatings (accelerating 

voltage Ua = 0.8… 1.1 kV; electron current Ie = 250 mA; duration 

of electronic action t = 0.8… 3.3 s) led to evaporation of the buffer 

layer and, at the same time with this, to the formation of a 

homogeneous ordered coating on the piezoelectric surface [12]. 

The deposition was carried out at a solution temperature of 

65…75 C, current density of 1…5 A/dm2, pH = 6…9; used anodes 

– platinum, deposition time 4.5… 5.5 hours (under conditions of

constant temperature and pH of the solution).

Probes were grown by electrochemical deposition of probe 

materials made of platinum titanium or nickel, which had the shape 

of a thin wire, which was placed in the liquid medium of the 

working electrolyte in a thin glass capillary (ratio of wire diameter 

to capillary diameter, as 1:10…1:15). Control of operating modes 

and geometrical parameters of deposition was carried out by means 

of the automatic control system (ACS) specially developed with 

participation of authors, Fig.1. 

Fig. 1. Block diagram of the ACS operating modes and geometric 

parameters of the technology of electrochemical deposition of the probe: 1 – 

block supply capillary to the deposition surface; 2 – block precision feed 
cathode wire;  

3 – control unit of electric current of galvanic deposition;  

4 – microprocessor automatic control system; 5 – wire cathode for 
deposition of metals on the surface; 6 – capillary with working fluid for 

deposition of metals on the surface;7 – liquid conduction channel of ions of 

the precipitated material; 8 – deposited surface. 

As the material is deposited on a given area of the ACS 

automatically increases the distance from the deposited surface 

(pos.8) to the capillary with the working fluid (pos.6). This leads to 

a reduction of the meniscus of the liquid channel (pos.7), thereby – 

thinning the perimeter of each subsequent deposited layer of the 

substance. Another advantage of the developed ACS is the ability to 

accurately determine the boundaries of metallized areas on the 

surface of the piezoceramic element, which were obtained in the 

first stage (by the method of resistive deposition). The deposition 

process continues until there is a break in the electrical circuit due 

to rupture of the meniscus (pos.7) when the capillary (pos.6) from 

the deposited surface (pos.8) to a sufficient distance. 

The combined electronic microprocessing was performed on a 

modified technological electronic equipment UVN-71 in one 

technological cycle in two stages. The processing tool was a tape-

shaped electron flow with a length and width of the electron flow on 

the surface of the material, respectively, 60 mm and 1.5 mm. The 

objects of the study were samples of piezoelectric ceramics ZTP-19 

(parallelepiped bars 321 mm), made in 2018 and taken from one 

batch of samples in the amount of 10 samples. 

Studies of the surface of piezoelectric ceramic elements, as 

well as the study of the boundaries of the formed structures after 

combined electron microprocessing were performed using a 

scanning electron microscope JEOL JSM-6700F (Japan) in the 

center of collective use of the Ukrainian representative office 

"Tokyo-boeki" (Kyiv), and also with the help of the atomic force 

microscope "NT-206" in the International Training and Research 

Center "Micronanotechnology and Equipment". Silicon probes 

"Ultrasharp CSC12" were used. The atomic force microscope 

included a micropositioning system and a built-in Logitech long-

focusing optical microscope, which were used to position the 

measuring system of the device in certain areas of the sample 

surface. Measurement of the microrelief of the surface of the 

samples was performed in a statistical mode on the surface areas, 

with a maximum size of 13×13 μm, in accordance with the 

developed methods and recommendations. 

3. Discussion of research results
The conducted researches of the received ordered

nanostructures on the created sites of elements of piezoelectric 

ceramics of the ZTP grade allowed to establish the following. 

By applying the galvanic capillary method on the prepared 

metallized surfaces of individual sections on the piezoelectric 

ceramic elements, a conical W-Ni structure is formed, which can be 

used as a measuring probe for nanometric means (for example, 

scanning probe microscopy devices), Fig.2. 

a 

b 

Fig. 2. Topogram (a) and profile (b) of the ordered nanostructure (probe) 
created on the site of piezoelectric ceramics formed by the combined 

technology 
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As can be seen from Fig. 2, the use of a combined method to 

create a multiprobe system of nanometric measurements allows to 

obtain measuring elements (nanoprobes) on such surfaces of high 

precision shape and size, which can be easily adjusted by modes 

developed by ACS (see Fig. 1). 

In this case, the action of low-energy electron flow of the tape 

form directly on the surface of the piezoelectric ceramics leads to 

the formation in the volume of the piezoceramic material of zones 

of high density with a reduced value of free dipoles. This 

determines the boundaries of domains with a certain direction of the 

polarization vector (the size of such domains is usually determined 

by the size of the ordered nanostructure on the ceramic surface). 

It is likely that this decrease is due to the intense evaporation 

(sublimation) of the piezoceramic matrix material under the action 

of a concentrated energy source – the electronic flow. This is 

indicated by the decrease in the porosity of the piezoceramic surface 

after electronic exposure to it. As a result of the conducted 

researches the sizes of the formed structures (that is, zones with 

various values of d31 and K) which make 2,2…8,0 mkm were 

established, Fig.3. 

a b 

c 

Fig. 3. Fragment of the surface of the sample of piezoceramics ZTP-19 with the domain-dissipative structures formed in it: a) micrograph of the surface 
section. JEOL JSM-6700F; b) a map of the distribution of domain-dissipative structures in the surface of the sample; c) the shape of the boundary of the 

domain-dissipative  structure at the surface of the sample. NT-206 (lateral force mode)

5. Conclusion

It is shown that the use of the combined galvanic capillary 

method with subsequent electronic microprocessing will speed up 

3.5 – 5.5 times the process of measuring geometric and mechanical 

parameters of the surface, as well as the sensitivity of the 

measurement process by 10 – 18%, which, in general, increase 

productivity and the reliability of determining these parameters of 

the surfaces of microsystem devices on average – by 15 – 25%. 

The study of ordered domain-dissipative structures allowed to 

establish the conditions for the formation of the boundaries of these 

structures by the combined action of the electron flow on 

piezoelectric ceramics. The coefficient of electromechanical 

coupling in these zones was 0.44…0.48, and the piezomodule d31 

increased insignificantly (by 4.10-7 cm/Ct.V), which is characteristic 

of piezoceramics of the ZTP system. However, the action of the 

electron flow leads to a decrease in surface porosity by 3…5%, as 

well as an increase in its microhardness by 0.5...0.8 MPa. 

Based on the obtained results, it is planned to further study the 

electrodynamic and electromechanical characteristics of blast-

dissipative structures and probes formed on these structures from 

piezoelectric ceramics 

ZTP-19 by combined galvanic capillary method with subsequent 

electronic microprocessing. 
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