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Abstract. From the position of conceptions inherent to semiconductor physics and 
semiconductor technology, the processes occurring in conductors of the second class, 
which take place due to the current flow in them, have been considered in this paper. It has 
been shown that using the several composite materials consisting of a porous matrix filled 
with an electrolyte enables to obtain multilayer structures, in which potential barriers 
appear in the electrolyte medium. These barriers are caused by the difference in properties 
inherent to layers of porous matrix. Considered here has been the prospect of creating the 
new devices based on the second-class conductors capable to control the direction and 
magnitude of the current flow in these conductors that are in a liquid state (in electrolytes). 
In other words, it was considered the possibility to obtain the ionic devices that are closest 
in their functional properties to basic electronic devices, such as diodes, transistors, etc. 
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1. Introduction 

It is well known that conductive materials can be 
separated into three groups: the conductors of the first 
and second class as well as the mixed class conductors 
[1]. The study of the features of the properties of 
materials in which charge carriers are electrons, i.e. 1st 
class conductors, as well as using these materials in the 
large quantities in a variety of instruments and devices 
capable to control current parameters in electrical 
circuits, has been used for several hundred years. During 
this time, the entire scientific areas were created, namely: 
vacuum electronics, solid-state electronics, semiconductor 
physics, micro- and nanoelectronics, and a number of 
other areas, and independent branches of production 
appeared in industry. This colossal interest to the 1st 
class conductors, their high demand and use in 
production to some extent diverted the attention of both 
researchers, engineers and designers from the problems 
that arise when using 2nd class conductors. This led to a 
strong backlog in the development of the devices capable 
to control the current flow in 2nd class conductors. It 
should be noted that a large number of terms have 
recently appeared in the literature, such as ion-selective 
field-effect transistors ISFET or the similar ones [2–4]. 
However, in essence, the ISFET are ordinary MIS field-
effect transistors, on the surface of which an ion-selective  

membrane is deposited [5, 6], i.e. they can be attributed 
to classical electronic devices. Some exceptions from this 
situation are the work which related to membranes and 
corresponding electrochemistry [7–11]. 

The interest in membrane electrochemistry began in 
1950, when the cation-exchange membranes that are 
selectively penetrable to cations and the anion-exchange 
membranes selectively penetrable to anions were first 
synthesized [12–16]. An additional impetus to the 
emergence of a new generation of membranes was the 
active development and research of nano-dispersed and 
porous materials. The unique properties of these 
materials are increasingly expanding the scope of their 
practical application. This is caused by high activity of 
their highly developed surface, which in turn enables to 
increase the efficiency of membranes created on their 
basis. Here, it should be also noted the results of a 
number of studies [17, 18] showing the changes in 
properties of dispersed materials, including the properties 
of their surface, which depend on the particle size (D) 
falling into the range D ≤ 2L, where L is the Debye 
screening length, which further expands their scope. 

The lag in the use of 2nd class conductors in various 
electrical, semiconductor and other similar devices is asso-
ciated with their specificity. Most of them are in a liquid 
or gaseous state, in addition, the passage of an electric 
current through  them causes  the movement of a substance 
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in the form of a stream of ions and is accompanied by 
chemical transformations at the points of current entry 
and exit (electrochemical reactions) [10, 11, 16, 19, 20], 
which, in turn, strongly complicates their use. This 
specificity of the 2nd class conductors, on the one hand, 
can be overcome, if you organize the cyclicity in the 
movement of ions, which, of course, will require the 
additional efforts, and on the other hand, it can play a 
positive role depending on the tasks that should be solved 
by this electrical circuit. At the same time, the presence 
of a greater variety of the charge carriers in the 2nd class 
conductors, both in their sign and in magnitude, suggests 
that with their help it will be possible to solve more 
complex problems as compared to the tasks solved using 
the devices created on the basis of materials with 
electronic conductivity. 

The purpose of the work is to provide the research 
and the phenomenological analysis of the possibility to 
apply the concepts used in semiconductor physics and 
semiconductor technology to conductors of the 2nd kind 
in order to create new structures that can control the 
current flow in such conductors being in the liquid state, 
i.e. electrolytes. In addition, we shall consider possible 
ways to obtain devices based on these structures that are 
very similar in their functionality to the main electronic 
devices, such as diodes, transistors, etc., capable to 
control the current flow in electrolytes. We shall consider 
the possibility to create ionic devices similar to these 
electronic devices.  

2. The features of potential barrier formation 

As it is well known, on the basis of the 1st class 
conductors the huge number of electrical devices, which 
receive energy in the form of a stream of electrons and 
then convert it into another form of energy – most often 
into light, heat or motion, have been already created. 
Besides, there designed is also no less amount of 
electronic devices that are destined not only to transform 
the electric energy to its alternative forms or, on the 
contrary, other types of energy into the electrical one, but 
also to control the current in such a way that this flow of 
electrons already carries some information in addition to 
the transferred energy. The leading role in the control of 
electric current is played by the semiconductor devices, 
which are created on the basis of materials related to the 
1st class conductors.  

The functional ability of the semiconductor devices 
to control the current flow in electrical circuits is due to 
the non-uniform distribution of the magnitude of the 
electric potential within their structure. As a rule, it is 
achieved by creating a series of interfaces in these 
structures and by bringing into contact the materials that 
differ in their electronic properties. The contact of such 
materials leads to formation of a set of space charge 
regions in them and, as a consequence, the appearance of 
the potential barriers in the resulting structure. The 
presence of a potential barrier allows one to control the 
direction to move for charge carriers in an electrical 
 

circuit and to prevent their motion in the opposite 
direction. The control of the current flow in electrical 
circuits by using the transistors or more complex devices 
is implemented by changing the value of these barriers. 

The creation of the interfaces in the liquid 
electrolytes is also possible, for example, due to the 
temperature gradients, impurity concentrations in them, 
insolubility of one electrolyte in another, etc. However, 
the instability of the properties of these interfaces, and 
most importantly, the changes in their parameters under 
action of external influences, as a rule, is irreversible, 
which makes their usage practically one-time and 
inefficient. At the same time, the use of surface of a solid 
body as an adjacent medium enables to stabilize the 
properties of the electrolyte, at least in a certain area, 
which is affected by the surface of a solid body. The 
change in the external influences (temperature, etc.) will 
lead to changes in the properties of electrolyte, but these 
changes, in a number of cases, can be organized as 
reversible. Of course, the range of changes in external 
influences for devices that use liquid electrolytes will not 
be as large as when using semiconductor devices, but this 
limitation can be overcome due to the design features of 
such devices. Finely dispersed or porous materials can be 
used as an adjacent medium for the electrolyte. This is 
supported by the membranes actively used in electro-
chemistry, which are, as a rule, porous or dispersed 
materials. 

The electrolyte separation by using ion-exchange 
membranes is the result of interactions of electrolyte 
components (ions) with the membrane surface [21, 22]. 
Therefore, depending on the material properties of 
membranes used in electrochemical processes, a specific 
membrane allows only one type of ion to pass through, 
either cations or anions [12–16]. At the same time, 
almost all the problems solved within these areas concern 
separation of a composition (electrolyte) of components 
(cations and anions), and only partially consider a 
membrane or a porous structure with conical pores  
as a device that affects the current flow in a medium [11, 
23–28]. 

An ion-exchange membrane, being placed into an 
electrolyte and being in the equilibrium state, is 
electrically neutral. Its current-voltage characteristic has 
a symmetrical form [28, 29]. In the case of a passing 
direct electric current, the ion-exchange membranes 
become the unipolar conductors of electricity of the 
second class, since the cation-exchange membranes let 
selectively pass cations, and the anion-exchange 
membranes let selectively pass anions. This is due to the 
fact that the fixed positive or negative charges are located 
on the surface of the membrane material. The high 
density of these charges inside the membrane creates a 
space charge that is compensated by an equivalent 
number of charges of the opposite sign – counterions. 
The latter, in the ambience of firmly localized (fixed) 
charges, creates an ionic atmosphere and provide the 
electrical neutrality of the entire structure. 
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At the same time, as mentioned above, the 
membrane filled with electrolyte is a unipolar conductor 
of the second class, which allows it to be considered as 
an analog of a semiconductor material. The membrane 
filled with electrolyte, or more correctly, a composite 
material, in which cations act as the main charge carriers, 
is an analog of a material with p-type conductivity. The 
material with the main charge carriers that are anions is 
analogous to the material with n-type conductivity. In 
this case, the combination of several layers obtained from 
these materials that have different concentrations, 
mobility, charge and different signs of mobile charge 
carriers will allow obtaining the different values of 
electric potential in a structure consisting of a set of such 
layers, which in turn will lead to formation of potential 
barriers in the volume of electrolyte filling this structure. 
Thus, the combination of several layers of these 
composite materials with different properties enables to 
design devices with more advanced functionality than the 
analogous semiconductor devices, such as diodes, 
transistors, thyristors, etc. 

Considering the membrane filled with electrolyte as 
a composite material allows one to apply to its 
description some of the basic concepts used in the solid 
state physics, such as pseudopotential, etc. It is due to the 
fact that in this composite material that is in the 
equilibrium state, i.e. in the absence of a voltage applied 
to it, the charges fixed on the surface of matrix form a 
space charge, which leads to ordering the localization of 
mobile ions in the filler (electrolyte in pores), which  
 

 

 
 

Fig. 1. a) Schematic representation of the contact in composite 
materials with different types of electrical conductivity; b) 
charge carrier concentration; c) contact potential difference. 
 

ensures the electrical neutrality of the entire bulk of 
material. Therefore, this material can be considered from 
the standpoint both of the short-range order and that 
including the elements of long-range order. However, 
these questions require separate consideration. 

The simplest option to obtain a device, in which the 
potential barrier takes place at the interface in conductors 
of the second class, is to use two layers brought into 
contact, each of which is a composite material (solid-
state matrix filled with electrolyte), with different 
parameters of the main charge carriers in each layer. 

Fig. 1a,b schematically shows the contact of these 
materials with different types of electrical conductivity. 
When they come into contact, due to the concentration 
gradient of charge carriers across the interface, ions 
diffuse from the region with the opposite type of 
electrical conductivity. Due to the diffusion of charge 
carriers, the electrical neutrality of the regions adjacent to 
the interface is disturbed. In a cation-permeable material, 
after diffusion of positive ions from it, uncompensated 
negative ions remain near the interface that is localized 
on the surface of a solid-state matrix. These negative ions 
are supplemented by mobile anions from the anionic 
region. In an anion-permeable material, uncompensated 
positive immobile ions are supplemented by mobile 
cations from cationic region. Thus, the space charge region 
consisting of two oppositely charged layers is formed. 
The diffusion electric field between uncompensated 
opposite charges of immobile ions, which is directed 
from the anionic region (analogous to the n-region) to the 
cationic region (analogous to the p-region) are arises. 
This emerging diffusion electric field prevents further 
diffusion of mobile carriers through the interface, and the 
equilibrium state is established. As a result, the contact 
potential difference arises between the anionic and 
cationic regions (see Fig. 1c). Thus, the contact of the 
materials that are the 2nd class conductors with different 
types of electrical conductivity is an analog of a p-n 
junction. However, taking into account a number of 
differences in the processes occurring in the former and 
latter cases, it is more correct to interpret the contact of 
the 2nd class conductors with different types of electrical 
conductivity as an anion-cation transition. 

The use of dispersed and porous materials, when 
preparing these solid-state matrices, significantly 
expands the possibilities for choosing the required 
concentration, mobility, and magnitude of charge carriers 
in an electrolyte localized in the pores or interparticle 
space. First of all, it can be applied to porous materials. 
To create the structure having a potential barrier at the 
interface of its layers, it is necessary to select porous 
materials filled with electrolyte in such a manner that the 
surface states of one layer in this structure, due to the 
certain localization of ions in them, contribute to the 
appearance in the electrolyte of only one type of mobile 
ions with different values of their concentration, mobility 
or the sign of the charge from ions located in another 
layer. 
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3. Influence of the size factor of corpuscular porous 
material on the concentration and mobility of ions in 
the electrolyte 

The influence of surface on the structure of the 
adsorption layer is a well-known fact for highly dispersed 
materials [30]. Let us consider what opportunities are 
provided by dispersed and porous materials filled with 
electrolyte, when they are used as a unipolar conductor of 
the second class. As a model material, we consider a 
corpuscular porous layer obtained from a dispersed 
material after its pressing, sintering, compacting, or in 
some other way. 

There are various ways to classify dispersed 
materials [31]. Note that the classification of dispersed 
materials in this work will be carried out from the 
position of comparability of their sizes with the value of 
the doubled Debye screening length (2L). The first group 
consists of the massive particles with a classical band 
structure, which dimensions are much larger than twice 
the Debye screening length (D >> 2L). The second group 
includes the particles with sizes comparable or smaller 
than twice the Debye screening length (D ≤ 2L). 

In the first group, changing the average size of 
particles, from which the porous layer is obtained, leads 
to changing the specific surface area of this layer, which 
in turn leads to the change in the total number of surface 
states in it. Changing the number of surface states in this 
layer already makes it possible to influence on the 
concentration of charge carriers in the electrolyte that 
fills the interparticle space or pores. 

Note that the curvature of the solid-electrolyte 
interface, i.e., the shape of the particles, will also affect 
the number and occupancy of the surface states of these 
particles, which, accordingly, will lead to a distortion of 
the structure of adsorption films on the surface of particles. 
And, as is well known, distortion of the structure of 
adsorption films extends into the bulk of electrolyte that 
fills the pores, thereby changing the structure of electro-
lyte and affecting on the behavior of ions in it [32–38]. 

Fig. 2a schematically shows a porous structure 
filled with electrolyte, in which a potential barrier 
appears. This structure consists of two layers of the same 
material with different particle sizes (D1 and D2 >> 2L) in 
 

each layer. The density of surface states for particles in 
both layers is the same, as it is defined by the type of 
surface states. The difference in the total surface area  
of the particles of each layer leads to different 
concentrations of mobile ions in the layers. Ions from a 
layer with a higher concentration diffuse into the adjacent 
layer, which causes appearance of the potential barrier 
inside the resulting structure. 

It should be taken into account that the configu-
ration and size of pores filled with electrolyte also 
significantly affect behavior of ions in them. First of all, 
it will affect ion’s mobility. As was shown in [39, 40], 
the movement of ions under conditions of “limited 
geometry” turns out to be difficult due to a decrease in 
the number of ions that can move in a given pore volume 
(see Fig. 2b). This, among other things, can lead to 
changing the mechanism of the ions movement in the 
electrolyte. For example, when the drift mechanism 
cannot be implemented, it can be replaced by a jump 
mechanism, etc. In addition, the mutual overlapping of 
the potentials from opposite surfaces of the pore will also 
lead to a change in behavior of ions, similar to the 
behavior of electrons in particles when their size is 
D ≤ 2L [17, 18]. We should also note one more factor 
that affects the structure of the electrolyte localized in the 
pores. This is the wetting of the surface of the pores with 
electrolyte. Depending on the degree of wetting with the 
liquid in the capillaries, it will be subject to either tension 
or compression, which in turn will also affect behavior of 
ions in the liquid electrolyte. 

In addition, in some cases, the pore size will affect 
the average charge state of ions ( Z ) localized in the 
pores. Thus, according to [41], in the distilled water, in 
addition to hydroxyl ions OH–, protons (H+) in different 
charge states are the charge carriers. Therefore, at the 
certain pore sizes, it can be realized the case when 
changes in the pore size (r1 ≠ r2) practically does not 
affect the mobility of ions (µ) in pores (µ1 = µ2), but at 
the same time affect the average charge state of ions in 
the adjacent layers of structure, i.e., 21 ZZ ≠  at r1 ≠ r2. In 
this case, even at the same concentration of ions (N1 = N2) 
in these layers, the potential barrier will appear in the 
interface of their contact. 

 

 

 
Fig. 2. The model of a two-layer structure with a potential barrier due to: a) different concentrations of mobile ions (N) (in this 
case, the donor type); b) different values of ion mobility (µ) and/or average charge state (Z) of the mobile ions in each layer. 
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Fig. 3. The energy diagrams for particles with dimensions 
D1 >> 2L and D2 < 2L. 

 
 
In the second group of dispersed materials, as the 

particle size decreases, starting from a value of the order 
of D = 2L, the space charge region (SCR) localized along 
one surface of the particle is superimposed on SCR 
localized along the opposite surface. Mutual overlapping 
of SCR leads to decreasing the surface barrier (U), as 
well as to decreasing the distance between the Fermi 
level (EF) and the top of the valence band (EV) [17] (see 
Fig. 3). As a result, the concentration of main charge 
carriers in a particle with a size of D ≤ 2L is less than the 
concentration of carriers in a particle with D ≤ 2L. This, 
in turn, affects the number of surface states [17, 18]. 
Thus, a change in the average particle size in the layer 
obtained from particles, which size falls into the range 
D ≤ 2L also makes it possible to influence on the 
concentration of charge carriers in the electrolyte that 
fills the interparticle space or pores in the compacted 
material. The modeling of the potential distribution in 
such structures is considered in [42]. 

Since the electrical properties of the matrix from the 
compressed dispersed material and the electrolyte placed 
in the pores are interrelated, this circumstance enables to 
change the properties of the material localized in the 
pores by changing the pore size (l) and the particle size 
(D), which make up the porous layer. As it was already 
noted, the subsequent combination of these several layers 
with different values of l and D will enable to form a 
potential barrier at the interface between them. The 
barrier parameters can be varied by changing the ratio of 
l and D values. 

Thus, the presented concept shows how the use of 
several composite materials, each of which consists of a 
porous matrix filled with an electrolyte, due to 
differences in the properties of the matrix, makes it 
possible to obtain structures, in which a potential barrier 
is formed in the electrolyte medium that determines the 
parameters of the movement of ions of a certain sign 
(anions or cations) through these structures. 

4. Ionic devices for current transfer control in 
electrolytes 

Any device, in the structure of which there is a potential 
barrier for some type of charge carriers, can be used as a 
diode, i.e., the device with different electrical conducti-
vity depending on the polarity of the voltage applied to it.  
 

Considering this type of devices based on the 2nd class 
conductors placed in an electrical circuit, it is necessary 
to take into account the features of these conductors. 
Because current flow in the 2nd class conductors is 
accompanied by mass transfer, the operation of a device 
consisting of two layers brought into contact, in one layer 
of which the main charge carriers are cations, and in 
another – anions, will be very short-term. This is due to 
the depletion of the electrolyte in the region of the 
interlayer boundary by charge carriers (ions), as a result 
of which the structure will go into the insulator mode.  

It should be noted that the devices, in the structure 
of which there is a potential barrier due to only dimen-
sional factors (size, shape, etc. of particles or pores), can 
be considered as the analogs of n-n and p-p structures 
realized. In other words, the multilayer structures, in 
which there is only one type of mobile ions with different 
values of their concentration, mobility, etc. in different 
layers of structures, can perform the functions of a diode 
only for one type of ions. Ions of the opposite sign cannot 
pass through this device. This indicates that for the 2nd 
class conductors the ionic diodes can be of various types: 
diodes for cations or anions.  

Thus, in the paper [29] presented are the results of 
studying the two-layer structure based on compacted 
nanodispersed zirconium dioxide with different sizes of 
nanoparticles in each layer (the average particle size in 
one layer is 10 nm, in another – 20 nm) the interparticle 
space of which is filled with electrolyte (water) (see 
Fig. 2). The current-voltage characteristics (CVC) of this 
structure has a rectifying character with a maximum 
rectification factor close to 3 [29]. In [29], the diode type 
of CVC in this structure was explained by the different 
specific surface area of zirconium dioxide in each layer, 
and, as a consequence, by appearance of a potential 
barrier in the interface between the layers due to the 
difference in the number of surface states in each layer. 
In other words, presented in [29] is the structure capable 
to perform the functions of the diode for cations, in 
which protons (H+) act as mobile carriers. 

In a number of semiconductor electronic devices, 
such as transistors, to control the magnitude of potential 
barrier, the intermediate layer called the base is 
introduced into their structure. Depending on the 
magnitude and sign of the charge applied to the base, the 
magnitude of potential barrier changes, which increases 
or decreases the current passing through the transistor. 
Similar introduction of an additional thin layer in the 
interface into the structure consisting of several 
corpuscular layers filled with an electrolyte and having a 
potential barrier will enable to obtain an ionic device (a 
device for the 2nd class conductors) capable to control 
the magnitude of current in an electrical circuit, similar to 
the transistor in semiconductor electronics. 

The practical application of the ionic devices 
designed to control the current flow in the electrical 
circuits consisting of the 2nd class conductors, of course, 
requires separate consideration. This is caused by the fact  
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that, as already mentioned, they can enable to solve more 
diverse and complex problems than electronic devices 
and appliances. However, at least, it can be unequi-
vocally stated that the development of these devices  
will make it possible to create a new generation of 
membranes and bring to a new level the capabilities of 
membrane technologies, which are currently widely used 
in industry. 

Note that separation of the electrolyte by using the 
ion-exchange membranes is due to the potential formed 
by ions of the same sign and localized on the surface, as 
a result of which this potential prevents the passage of 
ions of this sign through the pores of the membrane. At 
the same time, transformation of ion-exchange 
membranes into ionic devices, i.e., using the several 
layers of material enables to create a potential barrier in 
the structure of device, which sharply increases the 
efficiency of electrolyte separation by components. 
Introduction of another layer, capable to perform the role 
similar to the base in a transistor, makes the process of 
separation of substance into components by such a device 
not only more efficient, but also manageable. 

5. Ionic devices that generate electric current 

Given the relevance in the development of ecologically 
clean technologies, let us dwell in more detail on using 
the ionic devices that are close in their functionality to 
the electronic ones capable to generate electric current. 
The simplest way is to develop the ionic devices by 
analogy with electronic ones. Let us consider two types 
of ionic devices, one of which can operate in the 
electrostatic mode (analogous to an electrochemical 
capacitor), and the second – in the mode of an electric 
current generator. 

Recently, one is trying more and more to use 
atmospheric moisture to generate electric current [43–
47]. The porous materials adsorbing moisture are most 
actively studied. For example, one can obtain a potential 
difference between the dry and wet sides by placing a 
porous panel on the wall of a building that becomes  
 
 

 
 
wet from the outside (see Fig. 4a). The authors [29] 
considered the effectiveness of such a panel based on the 
compacted zirconia. This effect can be enhanced, if the 
panel will consist of a set of layers with different specific 
surface, which will lead to the migration of ions to the 
layers with their lower concentration, thereby increasing 
the efficiency of the panel (see Fig. 4b). Its efficiency can 
be increased, if its structure is organized in such a way 
that water condenses on the opposite side, for example, 
due to the capillary effect, with its subsequent exit from 
the panel, as shown in Fig. 4b. 

The general principle of operation of the electronic 
devices that are involved in generation of electric current 
is as follows. The device has three functional regions. In 
the first region, due to the external influences, generation 
of electron-hole pairs occurs, which forms the 
concentration gradient of carriers and leads to their drift 
deep into the structure of the device. In the second 
region, the carriers are separated by sign; this is the 
region of the potential barrier (p-n junction). In the third 
region, recombination of charge carriers takes place. The 
combination of these three processes leads to the 
appearance of current in the circuit. The ionic device can 
be created in accord to the same principle (see Fig. 5b).  

 
 

 
 
Fig. 5. Schematic diagram of the ionic device that generates the 
electric current. Region 1 is the region of high ion concen-
tration, region 2 is the region of separation of carriers according 
to the charge sign, region 3 is the region of recombination of 
charge carriers. 1 – contacts, 2 – ion-exchange membrane. 
 

 

Fig. 4. Appearance of the potential difference between the dry and wet sides: a) in a two-layer structure; b) in a multilayer 
structure. 



SPQEO, 2022. V. 25, No 2. P. 137-145. 

Bacherikov Yu.Yu., Okhrimenko O.B. Principles of creating the devices that are able to control the current flow… 
143 

In the first region, it is necessary to form the carrier 
concentration gradient. It can be realized due to the flow 
(inflow) of an electrolyte with a high concentration of 
ions from one side of this device. For example, due to the 
flowing waste water. When ions pass through the 
structure of this device, they are separated in the second 
functional area. Ions of the same sign pass through the 
potential barrier into the second layer of the structure, 
then entering the next zone of the device (region 2 in 
Fig. 5b). The additional membrane (3 in Fig. 5b) does not 
let ions to pass into the third zone, which leads to an 
increase in their concentration in this region (Fig. 5b, 
region 2). When the concentration of ions reaches a value 
corresponding to the solubility limit of a substance in a 
given medium (solvent), the neutral molecules are 
formed in it, which falling out in the form of a precipitate 
(analogous to the recombination of charge carriers in the 
electronic devices). Ions of the other sign remain in the 
first zone. When their concentration reaches the value of 
the solubility limit, they are also restored and 
precipitated, and the potential difference appears on the 
contacts of the device. 

6. Conclusions 

Thus, in the paper it was shown the possibility of 
applying the concepts on which physics of 
semiconductors is based and the development of 
semiconductor technology are implemented to the 
materials that are the 2nd class conductors. It has been 
shown how using the several composite materials 
consisting of a porous matrix filled with an electrolyte, 
due to differences in the properties of individual 
structural elements, enables to obtain the structures in 
which potential barriers are formed in the electrolyte. 
These structures are able to control the direction and 
magnitude of the current that flow in the 2nd class 
conductors, i.e., these are structures on the basis of which 
the ionic devices with the functionality of classical 
diodes, transistors, etc., but for the 2nd class conductors 
can be obtained. 
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Принципи створення пристроїв, які здатні керувати протіканням струму у провідниках другого роду 

Ю.Ю. Бачеріков, О.Б. Охріменко 

Анотація. У роботі з позиції уявлень, що використовуються у фізиці напівпровідників та напівпровідникової 
техніки, розглядаються процеси, які протікають у провідниках 2-го роду та зумовлені струмопроходженням у 
них. Показано, що використання кількох композитних матеріалів, що складаються з пористої матриці, яку 
заповнено електролітом, дозволяє отримувати багатошарові структури, в яких у середовищі електроліту 
з’являються потенціальні бар’єри, поява яких зумовлена відмінностями у властивостях пористої матриці 
кожного шару. Показано перспективу створення нових пристроїв на базі провідників 2-го роду, які здатні 
керувати напрямком і величиною струмопроходження у таких провідниках, що знаходяться в рідкому стані 
(електролітах), тобто перспективу отримання іонних пристроїв, які максимально наближуються за своїми 
функціональними властивостями до основних електронних пристроїв, таких як діоди, транзистори і т.ін. 

Ключові слова: провідники 2-го роду, контроль струмопроходження, іонні пристрої, потенціальні бар’єри в 
електролітах, багатошарові пористі композитні матеріали. 
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