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Abstract: Capacitive-semiconductor converters play a crucial role in converting physical quantities with complex 

parameters due to their positive properties, including measurement accuracy, reliability, manufacturability, 

and efficient measurement schemes. Experimental results and discussions reveal that at small and medium 

humidity values (2÷6%), the bridge measuring circuit may not provide the necessary gradation and sensitivity 

of the output signal. To address this, a measuring circuit is developed to increase sensitivity and linearize the 

output characteristics of the capacitive-semiconductor converter at low and medium humidity values. The 

proposed measuring circuit utilizes a bipolar voltage for input value modulation, introducing a new 

construction principle for capacitive-semiconductor humidity converters. The measuring scheme enhances 

the accuracy and linearity of static characteristics by utilizing bipolar pulses of varying durations. The study 

establishes the practical value of pulsed power supply, providing additional opportunities for linearization of 

conversion characteristics. The presented results contribute to the development of effective measuring circuits 

for capacitive-semiconductor converters, enhancing their metrological characteristics and widening their 

applications in monitoring and control systems.  

1 INTRODUCTION 

In information-measuring equipment capacitance - 
semiconductor converters of humidity, flow, 
concentration and temperature of various objects and 
media are widely used to convert physical quantities 
with complex parameters, which is explained by a 
number of their positive properties, such as the 
accuracy of measurement of the parameters of 
objects, reliability, manufacturability and efficiency 
of measurement schemes [1]. 

The basis of the principle of action of capacitive-
semiconductor converter of dispersed media 
humidity is the dependence between the humidity of 
the measured mediumW and its electro-physical 
properties, i.e. the change in the active and reactive 
resistance of the transducers depending on the 
dielectric constant of the wet medium. The essence of 
the method is to determine the permittivity of the 
medium by measuring the active and reactive 
resistance and energy losses of the electric capacitor, 
in which the role of the dielectric is played by the 
media [2]. 

The capacitive humidity converter was created 
taking into account the fact that at the same time the 
temperature, the total content of soluble salts and the 
humidity of the dispersed medium will be determined 
at the same point. Consider capacitive semiconductor 
transducer is a transducer in the form of a probe, 
allowing measurement in dispersive media without 
extracting the samples [3].  

The design of the capacitance-semiconductor 

converter is performed so that their longitudinal 

length is almost an order of magnitude greater than 

the transverse dimensions and therefore the flow 

distribution calculations should only take into 

account changes in the field in the longitudinal 

direction. The static and dynamic characteristics of 

the probe capacitance-semiconductor converter can 

be analyzed in detail on the basis of a sensible 

mathematical apparatus describing the law of change 

in the flow distribution along the path of the flow 

lines, flow distribution changes  xI i
, voltages  xU i

and the laws of change in the inverse reduction 

functions [4]. 
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Graph models of the distributed circuit of the 

capacitive-semiconductor converter are reduced to 

the transition from complex differential and integral 

equations to the discretization of algebraic relations, 

describing and displaying unknown values of the 

quantities that are the nodal element in the distributed 

circuit of the converter. When studying and 

displaying the transformation circuit of the probe 

capacitance-semiconductor converter based on the 

graph model, this circuit is conditionally divided into 

elementary sections х , consisting of input and 

output quantities and parameters, which, in turn, are 

exposed to external influences of quantities of 

different physical nature. In this case, the laws of 

change and distribution of external influencing 

quantities may be different, because the change in the 

laws of distribution depends on the physical nature of 

the chain, where the corresponding parameters are 

produced [5-8]. 

2 METHODS AND MATERIALS 

Statistical characteristics of a capacitance-

semiconductor Converter with distributed parameters 

can be determined directly from the structural 

schemes and on the basis of a graph model using 

descriptions of inter-chain and intra-chain effects, as 

well as rules for finding the output values of serial, 

parallel and mixed connections of several 

transducers. In cases where the use of physical effects 

or intra-chain conversion for the implementation of 

the respective devices is required to provide the 

distribution in space of the parameter [9]. 

In capacitance-semiconductor converters, the 

input value is associated with the modulation of the 

electric flow ,elF which is a new principle of 

construction of capacitive-semiconductor humidity 

converters and is used to modulate humidity in the 

ranges 
maxmin www  . To implement the described 

principle, a bipolar voltage is used as a reference 

source. It should be noted that when the input 

parameters are modulated with a change in the circuit 

function  
.inpi w , the transformation parameter 

changes 
i . However, you can find a range where the 

conversion parameter change 
i is negligible, a 

schematic function (1) that can be represented as [4]: 

    .10.

0. 


 inpww

эinpэ ew .  (1) 

The static characteristic of the capacitance-

semiconductor Converter (2) based on the developed 

generalized graph model for converting the humidity 

of dispersed media has the form [10]: 

         .23...2111112 ,, inppinpрinpрinpp wUUКwwwKIIKUU  ,  (2) 

where, 1U the input voltage; 2U output voltage; 
i

- parameter conversion of the input value;

321 ,, KKK inter-chain coefficients;  .inpi w -circuit

function.

Depending on the type of capacitance-

semiconductor Converter and its geometric 

parameters, there may be different laws of 

distribution of specific reactive and active 

conductivity, which is described by the circuit 

function and further on the basis of simulation using 

a graph model, a feature of the distribution of specific 

reactive conductivity, which depends on the humidity 

of the dispersed medium, is revealed. 

3 RESULTS AND DISCUSSION 

It is established that at small and medium values 

(2÷6%) of the dispersed media humidity, the bridge 

measuring circuit does not provide the necessary 

gradation and sensitivity of the output signal. To 

increase the sensitivity of the output signal and 

linearization of the output characteristics of the 

capacitance-semiconductor converter at low and 

medium humidity values, a measuring circuit is 

developed (Figure 1a), allowing with high enough 

accuracy to convert small changes in the active and 

reactive resistance of the converters into a DC signal. 

In this case, the semiconductor converter
tR is a 

current sensor, which is formed after the conversion 

of the active and reactive resistance of the converters. 

It should be noted that humidity is one of the main 

quality indicators that affects the cost, physical and 

technological properties of substances and, first of all, 

such as grain and its processed products, wood and its 

derivatives, soil, mining products, food products, 

minerals fertilizers. In practice, it is necessary to 

measure humidity in the range from micro- and macro 

concentration (0,001÷0,1 %) to maximum 

saturation (80÷90 %) [11-15]. 

Let's consider some existing capacitive converters 

and their measuring circuits. 

In a semiconductor-resistive humidity converter, 

the current-voltage characteristic of a semiconductor 

transistor is used. In the meter, a transistor and 
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measuring electrodes 1 and 2 are connected in series 

to the power source (Figure 1). 

Figure 1: Semiconductor-resistive humidity converter. 

The electric current flowing through these 

electrodes depends on the resistance value of the 

sample connected between them; the emitter of the 

transistor is connected to electrode 2 [16-18]. 

Figure 2 shows a functional diagram of a device 

for measuring the moisture content of bulk material 

in a process flow. 

The flow of bulk material is divided into two parts, 

which fill capacitor sensors 2 and 3. Capacitor sensor 

2 is connected to an electrical meter [19-20]. 

Figure 2: Functional diagram for measuring the moisture 
content of bulk materials in a process flow. 

The flow of bulk material is divided into two parts, 

which fill capacitor sensors 2 and 3. Capacitor sensor 

2 is connected to the electrical capacitance meter 4, 

capacitor sensor 3 is connected to the electrical 

capacitance meter 5 through a separating capacitor 6. 

When a high DC voltage is applied (2-3 Kv) an 

electric field is excited on the plates of the capacitor 

3 sensor in its interelectrode space [21]. The 

compaction of bulk material in condenser 3 increases 

with increasing humidity. A capacitance ratio meter 

6 is connected to electric capacitance meters 4 and 5. 

The disadvantage of the above capacitive sensor is 

that to excite an electric field in the interelectrode 

space, a high voltage is applied to the plates of the 

capacitor sensor, and also a change in the density of 

the bulk material leads to a decrease in the accuracy 

characteristics of the sensor. 

In [22-25], a device for measuring humidity with 

a sensor consisting of two parts: reference and 

parametric was proposed. However, due to the 

peculiarity of the design of its sensor, such a device 

does not allow determining the soil parameters 

characteristic of it in a single localized volume, since 

the sensor, consisting of two parts, in accordance with 

its design, when measuring, is alternately connected 

to two adjacent volumes in the places where it is 

located. In addition, this device, which determines 

soil salinity using its frequency corrections, allows 

for a significant measurement error. 

To determine the distribution of humidity in 

dispersed media, an electrical sensor consisting of a 

set of cylindrical electrodes is used. The disadvantage 

of this sensor is that the sensor is directly connected 

to the oscillatory circuit of the generator, i.e. The 

sensor is an integral element of the oscillatory circuit 

of the generator and changes in the capacitance of the 

sensor will lead to disruption of the entire oscillatory 

circuit, which results in measurement errors [26-27]. 

Figure 3 shows a block diagram of a device for 

measuring the humidity of dispersed media. 

The test voltage from the measuring electrodes 3 

and the comparative voltage from the reference 

capacitance are supplied to two identical amplitude 

detectors 5 and 6, and ensure the sensitivity of the 

device to the sign of the bridge mismatch. At the 

output of the amplitude amplifier, a difference signal 

is obtained, which is counted by the indicator. 

Figure 3: Block diagram of a device for measuring 

humidity dispersed media. 

However, existing designs of converters for 

monitoring and control systems do not yet meet the 

requirements, because improvement and creation of 

new models of capacitive converters require the use 

of modern scientific achievements in the field of 

circuit solutions, the effective use of measuring 

circuits, and appropriate analysis methods. 

Using the modified  transform of Laplace [28], 

the expressions of the instantaneous value of the 

output current
nI are obtained, according to which the

graph is plotted (Figure 1). 

The constant component of this current is

RRR  21
, when expressed by the (3): 
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and the static characteristic of the capacitive-

semiconductor humidity Converter of dispersed 

media is as follows (4): 

nRIU 11  ,  (4) 

where  0/1 Tf is the frequency of the power 

supply. 

In continuous feeding ( 1  ) (3) is defined 

by the (5): 

 

 

 

 

 

 


























































1

2222

21
111

2
CeCe

RR

fRRURR
I

fCRRR

RR

п

fCRRR

RR

n

nt n

n

nn

n

and, therefore, the static characteristic of the 

capacitive-semiconductor humidity Converter is 

determined by the (6): 
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Expressions (3) and (4) show that, in General, the 

characteristic of the circuit transformation is 

nonlinear both in continuous and in pulsed power. For 

Figure 1, presents a family of static characteristics of 

the circuit transformation 

 CFRIU n  11

and 

 RFRIU t  11
, 

constructed by the formula (4) for different values of 

the signal duration for the case of a differential 

converter, when 

СССп  0
, ССС  01

 

and 

RRRt  0
, .01 RRR 

A characteristic feature of the graphs is that at 

small values  with growth С and R they deviate 

from the line in the direction of decreasing sensitivity, 

and for large   in the direction of increasing 

sensitivity. As a result, for each family of static 

characteristics of the capacitive-semiconductor 

converter, there is a certain value of the pulse duration
 , at which the characteristic of the circuit

conversion is almost linear [29-35].

The Table 1 shows the main characteristics of the

conversion circuit at the values of its parameters:

ОmR 310.47 , 1210.5 С F , 
410.25f Hz , 

30U V , 610nR Оm . 

The nonlinearity of the characteristics of the 

conversion of the input value of the capacitive-

semiconductor humidity Converter of dispersed 

media is calculated as (7): 

,0

п

поп

п СS

СSU

CS

С









  (7) 

where 
пС and 

пU 0
-limit values С  and 

nU 0
 for the

range of moisture measurement of dispersed media;

S sensitivity corresponding to the approximating 

line. 

The sensitivity of the capacitive-semiconductor 

moisture Converter of dispersed media is calculated 

by the method of least squares according to the (8):

.

0










i

i

ii

C

CU

S
(8) 

Table 1: Key performance indicators of the transformation. 


nU 0

S ,

pFV /
пU , 

mV

, %

0,25 1,00 0,21 -29,4 2,88 

0,35 1,84 0,35 -29,8 2,71 

0,4 2,16 0,32 -30,4 2,75 

0,45 2,19 0,38 -32,6 2,82 

0,5 2,25 0,46 -34,4 1,72 

0,55 2,48 0,55 -32,6 1,61 

0,6 3,15 0,64 -30,5 1,25 

0,75 3,59 0,72 -5,41 0,15 

0,8 3,83 0,76 6,7 0,17 

0,85 4,04 0,81 19,0 0,48 

0,9 4,22 0,84 31,1 0,74 

0,95 4,33 0,86 40,4 0,94 

1,0 4,38 0,88 44,1 1,02 

Thus, tabular data indicate that for small pulse 

durations 75,0 , the absolute error of nonlinearity

nU is negative and if 75,0 -positive. At this

boundary value , the nonlinearity   has a

minimum value of only 0,15%. Comparison of data 

for continuous ( 1 ) and pulsed power ( 75,0 ) 

showed that the transition from continuous to pulsed 

power nonlinear characteristics of the conversion is 

reduced by more than six times. This fact gives 

practical value to the impulse power supply of the 

circuit, providing additional opportunities for 

linearization of its transformation characteristics. 

(3)

.    (5)

. (6)
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4 CONCLUSIONS 

Based on the above studies on the development of 

effective measuring circuits for capacitive-

semiconductor measuring converters for measuring 

the humidity of dispersed media, the following 

conclusions were made: 

1) Analysis of existing literature sources on the

development of measuring circuits for

capacitive-semiconductor measuring converters

indicates that until now there are no effective

measuring circuits for capacitive-semiconductor

measuring converters that have high

metrological characteristics. They mainly use

alternating current with sinusoidal and

quadrangular voltage as the source of the

measuring circuit.

2) Mathematical modeling of the conversion of

initial humidity based on inter-circuit graph

transitions shows that depending on the type of

capacitive-semiconductor measuring converter

and the geometric parameters of the measured

medium, there may be different distribution

laws for the specific reactive and active

conductivity of the converter and is described by

the circuit function in the form of inter-circuit

coefficients. They reveal the features of the

distribution of specific reactive conductivity,

which depends on the humidity of the dispersed

medium.

3) Based on the above experimental studies, it has

been established that at low and medium values

(2÷6%) of the humidity of dispersed media, the

bridge measuring circuit does not provide the

required sensitivity value of the output signal of

the capacitive-semiconductor measuring

transducer. In this case, the output voltage,

depending on the humidity of the measured

environment, is reduced to 2÷4 mV with a

simultaneous decrease in the sensitivity of the

converter, therefore, additional measurement

errors arise.

4) Pulse power supply of the measuring circuit of

the capacitive-semiconductor measuring

transducer with a semiconductor current sensor

Rt ensures the linearity of the static

characteristic. At the same time, measurement

errors are significantly reduced as a result of

linearization of the static characteristics of the

converter. It has been established that the

humidity conversion error is significantly

related to the periodic charge and discharge of

the capacitive-semiconductor measuring

converter Cn, since when the charge and

discharge of the converter are the same in time, 

the characteristic becomes linear, therefore, the 

measurement error decreases many times. 

5) Thus, the results obtained indicate that at short

pulse ʋ≤0.75 durations the absolute nonlinearity

ΔUn error is negative, ʋ≥0.75 and at - positive.

At this boundary value, ʋ the nonlinearity of the

static characteristic β has a minimum value, only

0.15. A comparison of data for continuous (ʋ=1)

and pulsed power (ʋ=0.75) showed that when

switching from continuous to pulsed power, the

nonlinearity of the conversion characteristic

decreases by more than six times. This

circumstance gives practical value to pulsed

power supply of the circuit, which provides

additional opportunities for linearization of its

conversion characteristics.
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