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DEVELOPMENT OF THE BASIC CAPACITIVE ACCELEROMETERS MODELS BASED ON
THE VHDL-AMS LANGUAGE FOR THE CIRCUIT LEVEL OF COMPUTER-AIDED DESIGN

In the article, the basic VHDL-AMS models of MEMS-based capacitive accelerometers were developed. The models were
designed for two basic types of capacitive accelerometers, namely lamellar and counter-pivotal. The developed models allow us
to determine the source of electrical capacitive accelerometers depending on the incoming mechanical and structural parameters
and were constructed for MEMS CAD at the circuit level. The circuit level of MEMS development requires an analysis of the
total integrated device electric circuits. For this purpose, all the MEMS components should be written in the specific software
systems, which would be understandable for the software system. Taking into account that MEMS devices operate on different
physical principles, certain difficulties may arise during the electrical analysis, that is, the work of mechanical or other devices
need to be described with the help of electric parameters. In the general case, the method for building the VHDL-AMS model of
the MEMS-based capacitive accelerometer is needed construction of the simplified mechanical model, and then a simplified
electrical model. On the basis of the simplified models, the VHDL-AMS model of electromechanical MEMS devices has been
developed. In the article, the method of automated synthesis and mathematical models using the VHDL-AMS language, which is
based on the method of electrical analogies were described. They use systems of ordinary differential equations and partial
differential equations to determine the relationships between input and output parameters. The sequence and quantity of used
differential equations are determined by the physical principles of operation of the MEMS element and the number of energy
transformations, which allows increasing the level of automation of synthesis operations compared to existing methods. The
results of the basic lamellar and counter-pivotal capacitive accelerometers are also shown. This enables to conduct research and

analysis of its parameters and investigate the output electric parameters dependence on the input mechanical ones.
Keywords: VHDL-AMS, CAD, circuit level, capacitive accelerometers, modelling.

Introduction

The modern economy requirements for technical devi-
ces are strict, namely: low prices, small sizes, low power
consumption, high reliability, versatility, environmental sa-
fety and others. One of the ways to ensure such strict require-
ments is the large-scale application of the integrated techno-
logies that use achievements from different science areas.

Analysis of recent research and publications. Micro-
electromechanical systems (MEMS) are representatives of
the following heterogeneous interdisciplinary integrated
technologies [1]. MEMS are already widely used in techni-
cal devices for different functional purposes [5], [7], [9].
MEMS elements usage for acceleration measurement is of
particular practical interest [3], [5], [13], [16]. However,
due to MEMS heterogeneity, some difficulties arise in the
process of their computer-aided design, which involves use
of the block-hierarchical approach [5], [7], [17], [19] with
the peculiarities and specifics at the system, circuit and
component development levels.

Mathematical models of CAD circuit level have their
peculiarities and features. In particular, as a rule, they inclu-
de systems of ordinary or algebraic differential equations.
Such models typically do not require large amounts of reso-
urces, but, in this case, the accuracy of the output results is
also low, which is quite sufficient at this design level. This
mathematical apparatus can be successfully used for
constructing models at the circuit level of microelectromec-
hanic systems design.

Taking into account that MEMS are integrated devices
and there are software tools widely used for designing such

devices, accordingly, they should be used for microelectro-
mechanical systems development. Therefore, for MEMS
design and analysis at the circuit level the modification of
the VHDL language, namely: language VHDL-AMS [2] is
widely used. The VHDL-AMS language allows to build he-
terogeneous MEMS elements models and analyse their per-
formance [4], [6], [10]. This feature and the main difference
of VHDL-AMS from VHDL hardware description langua-
ge is that it gives the opportunity to describe the performan-
ce of the integrated devices, where incoming and output sig-
nals can be of any nature (not just electrical as it is in VHDL),
which is characteristic of microelectromechanical systems.

Modern scientific literature gives a number of VHDL-
AMS models of capacitive accelerometers [15], [20], [21],
[22], but their usage as a base for design automation is as-
sociated with a number of difficulties. This needs a model
and its code simplicity, code presence, ability to modify the
model, ability to increase its functionality etc.

The aim of the work is to increase the efficiency of the
automated design of capacitive microelectromechanical ac-
celerometers of different designs at the circuit level by de-
veloping basic models based on the VHDL-AMS language.
The designed models of capacitive MEMS accelerometers
allow to establish the dependencies between the output vol-
tage of electric capacitive accelerometers or the output
electric current from the input mechanical and structural pa-
rameters.

Accordingly, the object of the study is the process of au-
tomated design of MEMS basic elements on the circuit le-
vel based on VHDL-AMS models.
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The subject of research is the method of automated
synthesis and mathematical models using the VHDL-AMS
language, which are based on the method of electrical ana-
logies. They use systems of ordinary differential equations
and partial differential equations to determine the relati-
onships between input and output parameters.

The scientific novelty of the obtained results lies in the
justification and creation of the method of synthesis of
MEMS basic elements VHDL-AMS models on the circuit
level of automated design and model of capacitive MEMS
accelerometers based on the VHDL-AMS language.

The practical significance of the obtained results is to
receive the relationships between the output electrical and
input mechanical parameters for typical capacitive micro-
electromechanical accelerometers and designed algorithms
for the synthesis of MEMS devices on the circuit level of
computer-aided design.

Research results and their discussion

Development of the basic capacitive accelerometers
models. Examples of the basic capacitive accelerometers
structures are shown in Fig. 1-2. The specification and
technology of their construction are described in detail in
[9], [11], [13], [16]. As the basic accelerometers capacitive
devices two constructions, namely: lamellar and counter-pi-
votal have been selected. For example, performance of the
capacitive accelerometer, whose lamellar construction is
shown in Fig. 1, can be described with the help of the simpli-
fied mechanical model that is depicted shown in Fig. 3.

Electrodes Seismic mass
Substrate}] NN T Base with
™ — integated
electrodes
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/2
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Figure 1. Capacitive accelerometer construction

Figure 2. Pectinated acceleration sensor construction (a),
lamellar capacitive accelerometer construction (b)
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Figure 3. Simplified model of the capacitive accelerometer

In the simplified physical accelerometer construction of
the model: m — is seismic mass; F'— applied power; k —
spring elasticity coefficient; b — damping coefficient; C—
electric capacity.

The work of the preceding simplified model is described
by a mathematical model, which includes the ordinary dif-
ferential equation of the second order

d’x  dx
m——+b—+hkx=F, F=F,+F,, (1)
dt dt
where x is displacement; F, — mechanical strength; F,, — the
force caused by the field. The equation (1) should be
completed by the initial conditions of the next type:
ax(l = 0)
ot
In microscale electrostatic force has significant impact
on the system functionality, which is shown in Fig. 3. Ac-
cordingly, in equation (1) the general force F depends on
both mechanical and electronic Fel forces. To determine the
electronic force magnitude the following equation is used:
C=¢e¢

U2
= 3

Fy=C—0,
2(d —x)

where S is square plates; U — applied voltage; d — the initial

distance between the capacitor plates; €, gy — dielectric pe-

netrability between the plates of the capacitor and the di-

electric penetrability in vacuum.

A similar functional model, which includes equations
(1-3), is for integrated capacitive accelerometer design that
is depicted in Fig. 3.

An example of the capacitive accelerometer counter-pi-
votal construction a model of includes the differential equa-
tion (1), and the capacity is determined by the following eq-
uations:

=0, x(1=0)=0 )

€ _EES e 68 @
(5 + x) (5 - x)
where C; and C, — the capacity between the top and fixed
electrodes, capacity between the bottom and fixed electro-
des, respectively (Fig. 4).

+V, 0 -V,
Figure 4. The electric simplified scheme of the counter-pivotal
accelerometer
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Development synthesis method of the VHDL-AMS mo-
dels. The circuit level of MEMS development requires
analysis of the total integrated device electric circuits. For
this purpose, all the MEMS components should be written
in the respective software systems [1], [8] , [12], which wo-
uld be understandable for the software system.

Taking into account that MEMS devices operate on dif-
ferent physical principles, certain difficulties may arise du-
ring the electrical analysis, that is, the work of mechanical,
hydraulic, acoustic and other devices need to be described
with the help of electric parameters.

For solving such problems, as it was already mentioned
above, the VHDL-AMS language [1], [8], [12] has been de-
signed. It allows to build VHDL-AMS models for analogo-
us and digital circuits analysis. Every model has its own
descripting language and allows to depict the work of the
non-electric MEMS devices in the description of the entire
electrical circuit.

In the general case, the method for building VHDL-
AMS model of capacitive accelerometer is in given Fig. 5
(the accelerometer construction is depicted in Fig. 1). It ne-
eds a construction of the simplified mechanical model, and
then a simplified electrical model. On the basis of the
simplified models the VHDL-AMS model of electromecha-
nical MEMS device has been developed.

While building VHDL-AMS sensors models with other
working principles this method should be followed, altho-
ugh it can include a greater number of transducers [18].
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Figure 5. Scheme of synthesis method of VHDL-AMS models
for electromechanical MEMS devices
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Figure 6. Basic algorithm of the VHDL-AMS accelerometer mo-
del () and the algorithm for constructing its model taking
into account the nonlinearity of electric power (b)

The peculiarity of the algorithms of constructing of all
VHDL-AMS models for sensors with any work principle is
that in the end a simplified electrical model of MEMS devi-
ce should be build, since the electrical circuit can register
only the electrical parameters or their modifications. In
many cases, electric parameters have changes of non-linear
nature. So, in case of increasing the model accuracy, this
should be considered and the algorithm in Fig. 6,a should be
enlarged by a block of study and formalization of nonline-
arity electric output parameter of MEMS device stages. The
example of the respective algorithm is shown in Fig. 6,b.

Construction of VHDL-AMS models of MEMS-basic
elements. An example of the developed VHDL-AMS capa-
citive accelerometer model of lamellar structure, which is
described by equations (1-3) is shown in Fig. 7.

01 library Disciplines;
02 use Tutorial. extra  functions.php. all;
03 use Disciplines. electrical _ system. all;
04 use Mechanical system. all Disciplines;
05 entity DAVACH_ACCEL_CAPAS Feis
06 generic (M: real: = 1.2 e-7; D: real: = 4.0 e-6;
K: real: = 2.6455; eps: real: = 1.0006;
epsVak: real: = 8.85419; Area: real: = 1.0 e-6;
d: real: = 5.0 e-5; The Volt: real: = 10.0);
07 port (terminal Fin: mechanical);
08 end entity DAVACH ACCEL CAPAS Fe;
09 architecture of archDAVACH ACCEL CAPAS
_Fe DAVACH ACCEL CAPAS Feis
10 constant Kon: real: = 0.5-¢;
11 quantity x: real: = 0.0;
12 quantity R: real: = 0.0;
13 quantity V: real: = 0.0;
14 quantity F across the Fin to GROUND;
15 quantity C: real: = 0.0;
16 quantity Q: real: = 0.0;
17 quantity: real: = 0.0;
18 quantity of Fe: real: = 0.0;
19 begin
20 V'dot = (F + Fe-R)/M;
21 Fe = Kon * Area * eps * epsVak * Volt * Volt/((d-x) * (d-x));
22R=D*V+K*x;
23 x'dot=V;
24 C = eps * Area * epsVak/(d-x);
25Q=C*Volt;
26 Q'dot=1;
27 end architecture archDAVACH ACCEL CAPAS Fe;
Figure 7. The example of the VHDL-AMS model for electrosta-
tic accelerometer with lamellar construction

The given VHDL-AMS model includes the following
elements: the line 01-04 — included in the pattern library;
05 — the description of the global model parameters; 06 —
ports description; 10-18-local options; 20-26 —description
of the model's functioning, which takes into account the
formula (1-3). In the 20th line accelerating is determined; in
the 21st line the magnitude of the electronic power is eval-
uated; in the 23th — offset; in the 24th — capacity change;
25th — charge change, and the 26th line has the equation for
the determination output current changes.

The VHDL-AMS capacitive accelerometer model of the
counter-pivotal basic construction is shown in Fig. 8. The
developed model includes a number of such basic blocks:
description of the used libraries and units (lines 01-04); ini-
tialization of the global parameters (line 06); description of
the incoming and output ports (line 7); local model parame-
ters initialization (lines 10-19); the block describing models
functioning (21-29). The line 23th defines displacement; 24th,
27th — capacity changes; 25th, 27th — charges change in
C, and G, capacitors; 26th and 29th — output currents changes.
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01 library Disciplines;

02 use the Tutorial. extra functions all;

03 use Disciplines. electrical system all;

04 use Disciplines. mechanical system all;

05 ACCEL COMB entity is

06 generic (M: real: = 1.2 e-7; D: real: = 4.0 e-6;
K: real: = 2.6455; eps: real: = 1.0006;
epsVak: real: = 8.85419; Area: real: = 1.0 e-6;
d: real: = 5.0 e-5; Volt: real: = 10.0);

07 port (terminal Fin: mechanical);

08 end entity ACCEL. COMB;

09 archACCEL_COMB ACCEL_COMB architecture of is

10 quantity x: real: = 0.0;

11 quantity R: real: = 0.0;

12 quantity V: real: = 0.0;

13 quantity F across the Fin to GROUND;

14 quantity C1: real: = 0.0; quantity

15 Q1: real: = 0.0;

16 quantity I1: real: = 0.0;

17 quantity C2: real: = 0.0;

18 quantity Q2: real: = 0.0; quantity

19 12: real: = 0.0;

20 begin

21 V'dot = (F-R)/M;

22R=D*V+K *x;

23 x'dot=V;

24 C1 = eps * Area * epsVak/(d-x);

25 Q1 =Cl1 * Volt;

26 Q1 'dot=11;

27 C2 = eps * Area * epsVak/(d + x);

28 Q2 =C2 * Volt;

29 Q2 'dot =12;

30 end architecture archACCEL COMB;

Figure 8. An example of a part of the VHDL-AMS for electros-
tatic accelerometer models based on counter-pivotal
construction
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The results of capacitive accelerometers basic models
investigation. Thus, the developed VHDL AMS models are
used at the circuit level of the automated MEMS design. In
particular, the results of lamellar capacitive accelerometer
analysis are shown in the Fig. 9. The input model parameter
is the acceleration that changes its value from 100 to
100 m/c* (Fig. 9,b) and in accordance with the developed
VHDL-AMS model, the generated power forces of the iner-
tial power perform vibrational displacements (Fig. 9,c). The
examples of the output capacity, charge and current chan-
ges are shown in the Fig. 9,e-f, respectively.

The obtained data allows to argue that due to the fact
that capacity changes for such devices are within pF (pico-
farad), and current — tens and hundreds of nA, thus imple-
mentation of the output signal processing by the capacitive
microphone requires applying the scheme with high sensiti-
vity to current [14].

On the other hand the output parameters of the basic ca-
pacitive microsensor can be controlled with the help of
constructive and technological parameters. Thus the incre-
ase in capacity is directly associated with the integral capa-
citor plates area, which, on the other hand, leads to the dec-
rease in the number of items on a single semiconductor
MEMS plate. Therefore, during the development of such
devices with specified parameters multicriterion optimizati-
on problem should be solved.

The results of the counter-pivotal accelerometer analysis
are shown in Fig. 10, Fig. 11 and Fig. 12. In particular, Fig.
10,a shows the example of the rectangular impact forces on
the accelerometer signal and Fig. 10,b shows the generated
acceleration change and shifting (Fig. 10,c).
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Figure 9. An example of the force magnitude changes (V) in time (@), of the acceleration changes in time under the applied force (b),
of the shift changes (um) (c), capacity (pF) (d), charge (e) and of the current changes (A4) (f) in time due to acceleration

The Applied force generates changes in volume (Fig.
11,a and Fig. 11,b) and currents (Fig. 12,a and Fig. 12,b).

The analysis of the received data for counter-pivotal
design capacitive accelerometer allows to argue that the
generated currents depend on the C; and C, capacitors

squares. Therefore, in the process of integrated capacitive
accelerometers computer-aided design the surface area and
the number of stubs should be increased. In addition, small
values and output currents changes stipulate development
and usage of the special electrical schemes [1].
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Figure 10. An example of the force applied to the accelerometer
changes in time (a), of the acceleration changes in time due
to applied forces (b) and of the shift changes in time due to
acceleration (c)
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Figure 11. An example of the C; (@) and C, (b) capacity changes
in time due to acceleration

Conclusions

1. The method of automated design of MEMS base
elements of VHDL-AMS models for circuit design level,
based on the electrical analogies method, ordinary
differential equations systems and equations in partial
derivatives has been developed. The sequence and number
of the used differential equations is determined by the
physical principles of MEMS element and the number of
power transformations and allows to increase the level of
the automation of VHDL-AMS models synthesis operations
in comparison with the existing ones.

2. The basic VHDL-AMS model for the integrated ca-
pacitive lamellar sensor at the circuit level of development
has been built. This enables to conduct research and
analysis of the MEMS element output settings.

3. The basic VHDL-AMS model for the integrated
capacitive counter-pivotal sensor at the circuit level of
development has been built. This enables to conduct
research and analysis of its parameters and investigate the
output electric parameters dependence on the input
mechanical ones.
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Figure 12. An example of the /; (@) and I, (b) current changes in
time due to acceleration

References

[1] Ashenden, Peter J., & Peterson, Gregory D. (2003). The
System Designer's Guide to VHDL-AMS: Analog, Mixed-signal,
and Mixed-technology Modeling. Morgan Kaufmann, 880 p.

[2] Ashenden, Peter J., Peterson, Gregory D., & Teegarden,
Darrell A. (2011). The System Designer's Guide to VHDL-
AMS: Analog, Mixed-Signal, and Mixed-Technology Mo-
deling. Morgan Kaufmann, 880 p.

[3] Bochobza-Degani, O., Seter, D. J., Socher, E., et al. (1999).
Comparative study of novel micromachined accelerometers
employing MIDOS. Micro Electro Mechanical Systems:
Proceedings of the 12-th Annual Intern. Conf. Orlando,
Florida, USA, pp. 66-71.

[4] Holovatyy, A., & Teslyuk, V. (2015). Verilog-AMS model of
mechanical component of integrated angular velocity micro-
sensor for schematic design level. 16th International Confe-
rence on Computational Problems of Electrical Engineering,
(CPEE2015), Lviv, 2-5 Sept. 2015, pp. 43—-46.

[5] Hwang, Jeongki, et al. (2017). Design and fabrication of a sili-
con-based MEMS acceleration switch working lower than 10 g.
Journal of Micromechanics and Microengineering, 27(6), 73-79.

[6] Ivailo, M. (2016). Pandiev Behavioral modeling of CMOS
digital potentiometers using VHDL-AMS. Power Electronics
and Motion Control Conference, (PEMC2016), IEEE
International 25-28 Sept. 2016, 940-945.

[7] James, J. (2005). Allen Micro Electro Mechanical System
Design. Ist edition: CRC Press, 496 p.

[8] Kazmierski, T. (1998). A formal description of VHDL-AMS
analogue systems. Design, Automation, and Test in Europe:
Proceedings of the conf., (IEEE'1998) Computer Society
Washington, DC, USA, 916-920.

[9] Kruglick, J. J., Cohen, A., & Bang, C. (2006). EFAB
Technology and Applications. MEMS: Design and Fabri-
cation [Mohamed Gad — el — Hak, ed.]. Edition second (2nd).
Boca Raton: CRC Press, 664 p.

YKpaiHCbKuii }ypHan iHpopmauinHux TexHoorin, 2020, 1. 2, Ne 1 19



[10] Li, Muhua, et al. (2017). Design and fabrication of a low
insertion loss capacitive RF MEMS switch with novel micro-
structures for actuation. Solid-State Electronics, 127, 32-37.

[11] Marc, J. (2002). Madou Fundamentals of Microfabrication:
The Science of Miniaturization. Edition second (2nd). CRC
Press, 752 p.

[12] Papanuskas, J. (1997). IEEE VHDL 1076.1: mixed-signal beha-
vioral modeling and verificationin view of automotive appli-
cations. VHDL International Usersapos: Proc. Forum, 252-257.

[13] Partridge, A., Reynolds, J. K., & Chui, B. W., et al. (2000). A
High — performance planar piezoresistive accelerometer.
Journal of microelectromechanical systems, 9(1), 58—66.

[14] Patent 88405 Ukraina, MPK (2009) GO1P 15/125. Prystrii
dlia vymiriuvannia pryskorennia. Zahariuka R.V., Ivantsiva
R.-A. D., Lobura M.V., ziavnyk i vlasnyk Lsvivsekyi nauko-
vo-doslidnyi radiotekhnichnyi instytut, Natsionalenyi Univer-
sytet "Lbvivspka politekhnika". Ne a 2008 03858; zaiavka
27.03.08; opubl. 12.10.09, Biul. Ne 19. [In Ukrainian].

[15] Pécheux, F., Lallement, C., & Vachoux, A. (2005). VHDL-
AMS and Verilog-AMS as alternative hardware description
languages for efficient modeling of multidiscipline systems.
In: IEEE Trans. on Computer-Aided Design of Integrated
Circuits and Systems, 24(2), 204-225.

[16] Saha, L, Islam, R., & Kanakaraju, K., et al. (1999). Silicon micro-
machined accelerometers for space inertial systems. SPIE:
Proceedings of the Intern. Conf. Bellingham, 3903, 162—170.

[17] Teslyuk, V., Pereyma, M., Denysyuk, P., & Chimich, L
(2006). Computer-aided system for MEMS design "ProMIP".

B. M. Tecmok, I1. I0. Jlenucwok, T. B. Tecaok

In: International Conf. Perspective Technologies and
Methods in MEMS Design, Lviv-Polyana, Ukraine, pp. 49-52.

[18] Teslyuk, V., Tariq (Moh'o Taisir) Ali AlOmari, Denysyuk, P.,
& Kernytskyy, A. (2008). The Method For Automated
Design Of Vhdl-Ams Models Of Mems Elements On Circuit
Level. Young Scientists (MEMSTECH2008): Proceedings of
the IV-th Intern. Conf., Lviv-Polyana, pp. 141-142.

[19] Wang Xiaoyu, Yu Linghui, Xie Song. (2011). Research on
micro-electro-mechanical system computer aided design.
Electronic and Mechanical Engineering and Information
Technology (EMEIT2011). International Conference on 12-
14 Aug. 2011, pp. 31-37.

[20] Xiaochuan Tang, Yufeng Zhang, Weiping Chen, Xiaowei
Liu. (2008). A system-level simulation of force-balance
MEMS accelerometers by VHDL AMS. Proceedings SPIE
7130, Fourth International Symposium on Precision
Mechanical Measurements, 71300R, December 31, 2008.
https://doi.org/10.1117/12.819564

[21] Zhao, C., & Kazmierski, T. (2007). An efficient and accurate
MEMS Accelerometer Model with sense finger dynamics for
mixed-texnology control loops. In: [EEE Behavioral
Modeling and Simulation Conference (BMAS 2007), Sep.
2007, San Jose, California, USA, pp. 143-147.

[22] Zhao, C., & Kazmierski, T. (2009). Analysis of Sense Finger
Dynamics for Accurate Sigma-Delta MEMS Accelerometer
Modelling in VHDL-AMS. In: 2009 Forum on Specification
& Design Languages Conference (FDL 2009), Sep. 2009,
Sophia Antipolis, France. Retrieved from: https://ieeexplore.-
ieee.org/document/5404039

Hayionanvnuii ynisepcumem "Jlvgiecoka nonimexuixa", m. Jlvsis, Yxpaina

PO3POBJIEHHA BA30BUX MO/JIEJIE EMHICHUX AKCEJIEPOMETPIB MOBOIO VHDL-AMS
AJ1A CXEMOTEXHIYHOI'O PIBHA ABTOMATH30BAHOI'O IPOEKTYBAHHA

Po3pobieno 6a3zoBi mozeni emaicanx MEMC akcenepometpiB 3 BukopuctaHasM Mo VHDL-AMS 1 cxeMOTeXHI9HOTO
piBHS aBTOMAaTH30BAHOrO MpOeKTyBaHHS. ba3oBi Mmopmeni po3pobieHi s JBOX Oa30BHX THIIB €MHICHHX aKCEIEpPOMETPIB:
IUTACTUHYACTOI Ta TPeOiHYacTOl IHTErpaIbHUX KOHCTPYKLiKA. Po3pobieni Momeni AaloTh 3MOry BU3HA4aTU MapaMeTpH BHUXiTHOL
HAIPYT'H eJISKTPUIHNAX EMHICHUX aKCEIEePOMETPIB 3aIeKHO BiJ] BXIJHUX MEXaHIYHUX Ta KOHCTPYKTHUBHUX ITapaMeTPiB Ta MOXKYTh
OyTH BUKOpHCTaHI Uil aBTOMarn3oBaHoro npoekryBaHHs MEMC nHa cxemorexHiuHOMY piBHI. OKpiM IIbOr0O, HaBEICHO pe3y-
JIBTATH JOCIIIKESHHSI 6a30BUX KOHCTPYKIIiH INIACTUHYACTHX Ta TPEOIHIACTHX EMHICHHX akcelepoMeTpis. OnmcaHo po3pobiaeHui
METOJI aBTOMATH30BAaHOTO MpoekTyBaHHs OazoBux eneMeHTiB MEMC VHDL-AMS wmopeneil Ui CXEMOTEXHIYHOTO PiBHA
MIPOEKTYBAHHS, SIKMH I'PYHTYETHCS Ha METOIl €IEKTPUYHHUX aHAJIOTIH Ta BUKOPHCTOBYE CHCTEMH 3BHYANHUX AU(EpEHIlanbHIX
PIBHSHB i PIBHSHD y YaCTKOBHX ITOXiJHMX. [10C/IIOBHICTE Ta KUIBKICTh BUKOPUCTAHHUX TH()EPCHIIIaIbHUX PIBHAHb BU3HAYA€THCS
¢iznaarME npuHOMNAMu QyHKIiOHYBaHHS eneMeHTa MEMC Ta KiNBKICTIO IEpeTBOPEHb €Heprii, o Aa€ 3MOry IiABHIIUTH
piBeHBb aBTOMATH3AIli Onepaliii CHHTe3y MOPIBHAHO 3 HasBHUMHU MeTomamu. CuHTe3oBaHO 6azoBa VHDL-AMS monens mis
IHTETPaJBHOTO €MHICHOTO aKCeJIEpOMETpa IUIACTUHYACTOI KOHCTPYKINI, sSKa Ja€ 3MOTy HMPOBECTH MOCITIDKEHHS 3aJIeKHOCTI
BHXIJJHUX TapaMeTpiB BiJ BXiJHUX Ta MPOBECTH aHAJi3 HalAMTyBaHb BUXiMHHX mapaMerpiB MEMC enemeHTIB JaHOTO THILY.
Taxox nmodynosano 6azoBy VHDL-AMS Moznens 1uist iHTErpaabHOrO €MHICHOTO aKCEeIepOMETpa IpebiHIacTol KOHCTPYKIIIi, 10
Jla€ 3MOTY MPOBOAMTH IOCTI/UKEHHS B IIPOIECI aBTOMATH30BAHOTO MPOCKTYBAHHS Ta IPOBECTH aHAII3 HOro BUXITHHX
@JIEKTPHYHMX MapaMeTpiB BiJ] BXiJHUX MEXaHIYHUX.

Kniouosi cnosa: VHDL-AMS, CAIIP, cxeMOTeXHIYHUH PiBEHb MPOSKTYBAHHS, EMHICHI aKCEIePOMETPH, MOIETIOBAHHS.
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