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Abstract. Probabilistic characteristics of reliability of transient states of 
semiconductor converter when working together with integrated circuits are 
considered. The probability of effective transition of the integrated circuit, 
functioning with semiconductor converter, from the state of logical zero to 
the state of logical one is established and the corresponding probabilistic 
equations at sufficient signal and pause duration are obtained. During the 
period of operation of information and measurement devices and systems, 
failures occur, which can be sudden and gradual. Sudden failures are 
categorised as random events. The physical nature of sudden failures is due 
to the concentration of loads causing corresponding internal damage in the 
form of winding breakage or short circuit, parts breakage and others. Failure 
of any element and information device, in particular, measuring transducer 
of physical quantities, can be determined by the action of the following 
factors: structural imperfections of the initial materials of the product due to 
the presence of impurities, dislocations and concentration gradients; external 
influences - thermal mechanical and electrical loads. 

1 Introduction 
Failure of any element and information device, in particular, measuring transducer of 
physical quantities, can be determined by the action of the following factors: structural 
imperfections of the initial materials of the product due to the presence of impurities, 
dislocations and concentration gradients; external influences - thermal mechanical and 
electrical loads. 

Failures of information devices and systems are random events. However, the causes that 
lead to the occurrence of failure are associated with certain physical and physicochemical 
processes occurring in materials and structures during operation. The choice of the approach 
to reliability determination by failure physics methods is conditioned by the assumption that 
chemical reactions and physical processes occurring on the surface and inside the measuring 
device cause deterioration of its electrophysical characteristics and, as a consequence, 
catastrophic and parametric failures [1-5]. 
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2 Research results and discussion 
Let's consider probabilistic characteristics of reliability of transient states of semiconductor 
transducer of humidity of dispersed media at joint functioning by integrated circuits.   

Reliability of integrated measurement circuits of semiconductor transducers of physical 
quantities with respect to the absence of parametric failures is determined from the value of 
functional (static and dynamic) stability margin. Static stability is understood as the 
transmission of signals by logic circuits, in which there is no transition of single signals to 
zero signals and zero signals to single signals not provided for by logic functions. 

Dynamic stability of signal transmission by logic elements should be understood as 
preservation of sufficient signal duration and sufficient pause duration to ensure the transition 
from the state of logical zero to the state of logical one and back [6-10]. Functionally stable 
logic elements are characterized by two stable sections (Figure 1). 

 

 
Fig. 1. Stable transition zones of the logic element semiconductor converter. 

 If through the points A, B, C and D to draw straight lines parallel to the ordinate axis, we 
obtain the boundary lines characterising the zones of stable operation of the logic element, 
which is associated with the effective transition of electrons from the valence band to the 
conduction band in the semiconductor functioning as a converter. The input signal in zone I 
is characterised by a stable initial value, and for zone III by a stable operating state [11-15]. 

For zone I 
�𝑈𝑈 � 𝑈𝑈� � 𝑈𝑈�,      (1) 

where - possible fluctuations of input signal value; - input signal mixing due to noise; - input 
signal mixing of semiconductor converter due to temperature influence. 

For zone II [16-23] 
�𝑈𝑈� � 𝑈𝑈�� � ��𝜎𝜎а,        (2)  

where - mixing of the characteristic caused by temperature change; - mean square deviation 
of values corresponding to the given characteristic section. It can be determined from the 
relationship 𝜎𝜎� � �.𝑈𝑈� .  

 The result of the measurement is equal to: � � 0,08 � 0,15, 𝐾𝐾� � 3,0. 
 For the zone III  

.UU                (3) 
 As the most important static parameters we give four values of voltages. The four voltage 

values set the limits of the variable mapping (0 and 1) at the output and input of the element. 
Normal operation of the element requires that the voltage representing a logic one be high 
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enough and the voltage representing a 0 be low enough. These requirements are given by the 
parameters. The input voltages of a logic element are the output voltages of the previous 
(signal source). The levels guaranteed at the output of the logic element under acceptable 
load conditions are given by the parameters. Output levels are somewhat better than input 
levels, which provides a certain noise immunity of the element. For the level, negative 
interference reducing it is dangerous, and the permissible static interference [24-25]                      

𝑈𝑈���� � 𝑈𝑈���.. 1𝑚𝑚𝑚𝑚𝑚𝑚���.����. 
For the level 𝑈𝑈� positive interference is dangerous, and the permissible static interference 

is
         𝑈𝑈���� � 𝑈𝑈𝑚𝑚𝑚𝑚�. 0𝑚𝑚𝑚𝑚𝑚𝑚����.���. 

 To perform stable signal transmission through the logic element of the measuring 
transducer it is necessary to fulfil the condition of non-overlapping of zone I and III with a 
spread �𝑈𝑈and �𝑈𝑈� on the band II, i.e. the stability of the logic circuit operation is 
characterized by the value of stability margin for the input level voltage “0”: 

                                       𝑆𝑆� � �𝑈𝑈���.0���.�����,                                                  (4) 
and for the input level voltage “1”: 

𝑆𝑆� � �𝑈𝑈���.� � 𝑈𝑈���.�����, 
where 𝑈𝑈����, 𝑈𝑈���� - input level voltages “0” and “1” respectively; 

𝑈𝑈���.���� the maximum allowed input travelling signal level at which the circuit is still 
in the state of logical one. 

Thus, the values of the stability margin of integrated circuits, taking into account the 
variation of parameters, are determined for the level of “0” [10-11]: 

𝑆𝑆� � ��𝑈𝑈���. 0𝑚𝑚𝑚𝑚𝑚𝑚���.���� � ��𝑈𝑈���.� � 𝑈𝑈���.����                      (5) 
and for the input level voltage “1” 

𝑆𝑆� � ��𝑈𝑈inp� � �𝑈𝑈����� � �𝑈𝑈���1𝑚𝑚𝑚𝑚𝑚𝑚�������� � 0�.            (6) 
 Values 𝑈𝑈����, 𝑈𝑈����, 𝑈𝑈���1𝑚𝑚𝑚𝑚𝑚𝑚���.���� are independent random events and their 

distribution density functions can be represented on the common abscissa axis as four 
normalized curves or, using the rules of composition, two normalized curves can be obtained 
(Figure 2). 

 
 

Fig. 2. Stable zones of transition from the state of logic zero to the state of logic one of functional 
logic elements logical one of functional logic elements. 

 Probability of effective transition of the integrated circuit of the semiconductor converter 
from the state of logic zero to the state of logic one at the input of the signal 𝑈𝑈���.� and 
fulfilment of the condition 𝑆𝑆� � 0 is defined by the expression: 

𝑃𝑃���0 � 𝑆𝑆 � ∞� � 1 � �
√�����

⋅ � �𝑚𝑚� �� ��вх�����
�����

��
�∞ 𝑑𝑑𝑑𝑑���,   (7)  
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where 𝜎𝜎�� � �𝜎𝜎�� � 𝜎𝜎�� � root mean square deviation; 𝜎𝜎�– root mean square deviation of the 
value 𝑈𝑈����.����; 𝑈𝑈����.�- mathematical expectation of the quantity 𝑈𝑈���.�. 

 Expressing the integral through the Laplace function and passing to other limits of 
integration, we obtain 

𝑃𝑃��0,5 � � � ������ � 0,5 � � ��� ���.������ ���.�
���

�                                  (8) 

Similarly, the probability of correct operation of the circuit when a voltage is applied to 
the input 𝑈𝑈вх.�, characterising the transition of the element from the state of logical one to the 
state of logical zero and fulfilment of the condition 𝑆𝑆� � 0, is defined by the expression 

𝑃𝑃���0 � 𝑆𝑆� � ∞� � 1 � �
√�����

. � ехр�
�∞ �� �����������

����
� � �𝑈𝑈����          (9) 

or, 
 𝑃𝑃��0,5 � � � ������ � � ��� ���.������� ���.�

���
�,                            (10) 

where 𝜎𝜎�� � �𝜎𝜎�� � 𝜎𝜎��- mean square deviation, and 𝜎𝜎�- root mean square deviation of the 
value 𝑈𝑈��������; 𝑈𝑈�����- mathematical expectation of the quantity 𝑈𝑈����. 

 Let us evaluate the parametric reliability at dynamic stability of the logic integrated 
circuit of the measuring transducer. The duration of the operating signal is selected on the 
basis of its minimum duration required for reliable operation of the circuit [20-32]: 

𝜏𝜏� � �𝜏𝜏����,                       (11) 
where k – response factor �� � 1,5 � 4,0�. 

 Signal duration reduction value �𝛥𝛥𝛥𝛥�� as it passes through 𝑛𝑛 � 1 circuit is defined as 
𝛥𝛥𝛥𝛥н � 𝜏𝜏н�𝑛𝑛 � 1�����, 

where 𝜏𝜏�� and 𝜏𝜏������ - pulse width on 𝑛𝑛 and (𝑛𝑛 � 1) elements respectively. 
 The magnitude of the decrease in the pause duration when the signal passes through the 

element is defined as 
𝛥𝛥𝛥𝛥�� � 𝜏𝜏��𝑛𝑛 � 1�, 

where 𝜏𝜏������ and 𝜏𝜏��- pause time (𝑛𝑛 � 1) and 𝑛𝑛 circuits respectively. 
The scheme will be dynamically stable if the following condition is fulfilled

                       𝑆𝑆ди � |𝜏𝜏и � 𝜏𝜏и���|
 𝑆𝑆ди � �𝜏̄𝜏�� � 𝜏𝜏����� 

where 𝜏𝜏�� - mathematical expectation of the pause duration; 𝜏𝜏�- mathematical expectation 
of the quantity 𝜏𝜏��. 

 Taking into account (12) the probability of correct actuation 𝑛𝑛– of the circuit at sufficient 
signal and pause duration are defined respectively by the expressions:  

𝑃𝑃���0 � 𝑆𝑆д� � ∞� � 1 � �
√���� � ехр� �������̄��������������

����
����

�∞     (13) 
Or 

 𝑃𝑃�� � 0,5 � � ���д��� � � 0,5 � � ��̄������
�� ���    (14) 

  𝑃𝑃���0 � 𝑆𝑆д� � ∞� � 1 � �
√���� � ехр�

�∞ �� ������̄�������������
���� ����      (15) 

Or 
 𝑃𝑃�� � 0,5 � � ���д��� � � 0,5 � � ��̄�р������

�� ���.          (16)  
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3 Conclusion 
Thus, from equation (14) and (16) it can be seen that the probability of triggering the 
integrated circuit, which operates in conjunction with the semiconductor converter depends 
on the value of the function F(x), as with the increase in its value increases the probability of 
triggering the integrated circuit, because this process is accompanied by a sufficient duration 
of the signal and pause with the same RMS transition error. Consequently, as the RMS 
transition error increases, the probability of triggering of the integrated circuit that operates 
with the semiconductor converter, which is characterised by the transition of electrons with 
minimum probability from the valence band to the conduction band, decreases significantly. 

References 
1. A.V. Lapko, V.A. Lapko, A.V. Bakhtina, Izmeritel`naya Tekhnika 10, 17-24 (2023)  
2. A.E. Kononyuk, Generalised theory of modelling. Magnitudes - quantitative 

characteristics of models. K.3. Ch. 2 Physical quantities (Beginning) (Kiev, "Osvita 
Ukrainy", 2012), p. 476  

3. M.S. Zhavoronkova, E.I. Papantseva, Metrology, standardisation and certification. 
Methodological instructions and tasks for laboratory works (Stavropol, Servisshkola, 
2013), p. 144  

4. A. Balalaev, V.A. Slaev, A.I. Sinyakov, Theory of systems of reproduction of units and 
transfer of their sizes: Scientific edition - Tutorial (SPb., ANO NPO "Professional", 
2004), p. 160  

5. D.G. Gryazin, Fundamentals of metrology and metrological support (SPb., University 
of ITMO, 2019), p. 72  

6. A.P. Lepyavko, Uncertainty of thermotechnical measurements: Lecture notes (Moscow, 
ASMS, 2008), p. 42  

7. N.I. Zayats, O. V. Stasevich, Estimation of measurement uncertainty: textbook for 
students of speciality 1-54 01 03 "Physicochemical methods and devices for product 
quality control" (Minsk, BSTU, 2012), p. 91  

8. A.N. Shalamov, B.A. Kudryashov, T.M. Rakovskik, Processing of results and 
estimation of accuracy of measurements at repeated observations: textbook (Moscow, 
MADI, 2016), p. 164  

9. A.S. Spiridonova, N.M. Natalinova, Practicum on metrology, standardisation and 
certification: textbook (Tomsk, Publishing house of Tomsk Polytechnic University, 
2014), p. 131  

10. O.I. Nedavniy, A.A. Metel, M.M. Bogatyreva, Fundamentals of metrology [Text]: 
textbook (Tomsk, Tomsk State University of Architecture and Civil Engineering, 2013), 
96  

11. J.L. Bucher, The Metrology Handbook (Milwakee, ASQ Quality Press, 2012), p. 540 
12. L.I. Fedorina, E.G. Khomutova, V.V. Borisova, Metrology, Standardisation and 

Certification, Part 1 "Fundamentals of Metrology" Textbook (Moscow, Lomonosov 
MITHT, 2005), p. 69  

13. M.A. Burakova, N.A. Repeshko, Measuring instruments and their metrological 
characteristics: textbook (Rostov, Rostov State University of Railway Transport, 2011), 
p. 63  

14. D.S. Ershov, A.V. Malakhov, A.V. Talalai et al., Measurement Techniques 66(4) (2023) 

5

E3S Web of Conferences 548, 08001 (2024)	 https://doi.org/10.1051/e3sconf/202454808001
AGRITECH-X 2024



15. V.P. Khodunkov, Measurement Techniques 66(7) (2023) 
16. A.N. Pervyshin, A.N. Druzhin, Measurements of physical quantities and processing of 

their results: textbook (Samara, Izd-vo Samara State Aerospace University, 2010), p. 64 
17. V.M. Grechishnikov, Metrological support of development and testing of information 

converters [Electronic resource]: electronic textbook. Ministry of Education and Science 
of Russia, Samara State Aerospace University named after S.S. Gubkin. С. P. Korolev 
State Aerospace University (National Research Un.) (Samara, 2012) 

18. A.D. Abramov, Izmeritel`naya Tekhnika 9, 31-37 (2023)  
19. A.Yu. Kuzin, A.N. Kroshkin, L.K. Isaev, F.V. Bulygin, V.D. Voytko, Izmeritel`naya 

Tekhnika 9, 66-72 (2023)  
20. Y.V. Borodakiy, N.A. Krytsina, Probabilistic-statistical methods of data processing in 

information systems (Moscow, Radio and Communication, 2003), p. 272    
21. B.S. Sotskov, Fundamentals of the theory and calculation of reliability of elements and 

devices of automatics and computer engineering. Computer Engineering (Moscow, 
Higher School, 2004), p. 186   

22. A.K. Miraliyeva, A.S. Rashidov, Z.X. Ernazarova, Sh.M. Masharipov, G.M. Mirpayziy
eva, Journal of Physics: Conference Seriesthis link is disabled 2094(5), 052031 (2021).  
https://iopscience.iop.org/article/10.1088/1742-6596/2094/5/052031/pdf 

23. S.M. Masharipov, R.K. Azimov, Measurement Techniquesthis link is disabled 60(6), 
643-646 (2017). https://www.springerprofessional.de/en/multifunctional-information-
and-measuring-complex-for-controllin/15100128 

24. SH.M. Masharipov, J. Phys.: Conf. Ser. 2373, 052001 (2022) 
https://www.doi.org/10.1088/1742-6596/2373/5/052001 

25. A.A. Sizova, S.A. Becher. A.A. Sizova, S.A. Becher, Verification and calibration of 
measuring instruments. Practicum for laboratory works in the discipline "Metrology, 
standardisation and certification": Practicum (Novosibirsk, Izd-vo SGUPS, 2009), p.  
48 

26. S.V. Mishchenko, A.G. Divin, V.M. Zhilkin, S.V. Ponomarev, A.D. Sviridenko, 
Automation of measurements, control and testing: textbook (Tambov: Izd-voor Tambov 
State Technical University, 2007), p. 116  

27. B.S. Zhargalov, Physical bases of measurements. Course of lectures "Universal physical 
constants". Part I. (Ulan-Ude: Izd-vo VSGTU, 2002), p. 14  

28. Horst Czichos, Tetsuya Saito, Leslie Smith, Springer Handbook of Metrology and 
Testing 2nd ed. 2011 Edition (Springer New York, 2011) 

29. G.K. Vijayaraghavan, R. Rajappan, Engineering Metrology and Measurements, For 5th 
Semester Mechanical and Automobile Engineering (As per the Latest Anna University 
Syllabus – Reg., 2008)  

30. Y. Aboul-Enein Hassan, Ali Imran, Chiral Pollutants: Distribution, Toxicity and 
Analysis by Chromatography and Capillary Electrophoresis (John Wiley & Sons Ltd, 
2004), p. 352  

31. M.M. Barbooti, Environmental Applications of Instrumental Chemical Analysis (Apple 
Academic Press, 2015), p. 594  

32. B. Buszewski, E. Dziubakiewicz, M. Szumski, Electromigration Techniques: Theory 
and Practice (Springer, Series in Chemical Physics, 2013), p. 367 

6

E3S Web of Conferences 548, 08001 (2024)	 https://doi.org/10.1051/e3sconf/202454808001
AGRITECH-X 2024


