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AUTOMATION OF NANOPARTICLE SYNTHESIS
PROCESSES IN A PLASMA ENVIRONMENT USING LABVIEW

Abstract

This work presents an automated control system for the synthesis of nanomaterials by plasma-enhanced chemical
vapor deposition (PECVD), implemented using the LabVIEW software environment. The main objective of the
study is to develop an integrated hardware-software platform that enables sequential control of the key stages of the
PECVD process, including vacuum chamber preparation, pressure monitoring, working gas supply, plasma ignition,
power matching, cyclic nanomaterial growth, and optical monitoring of nanoparticles in the plasma environment.
The use of LabVIEW made it possible to integrate actuator control, experimental parameter acquisition, and real-
time process visualization within a single automated system. The automated cycle begins with evacuation of the
reaction chamber to a predefined base pressure. Transition to the next stage is permitted only after the specified
pressure threshold has been reached, ensuring reproducible initial conditions for each experiment. The program
then controls the supply of the working gas through mass flow controllers (MFCs). In this work, two gas-flow
control modes were considered: analog control using a 0+5 V voltage signal and digital communication via RS-232
interface. It was shown that the analog approach requires accurate scaling of the control voltage, since applying
5 V corresponds to full-scale opening of the controller and results in the maximum gas flow. In contrast, the RS-
232 interface enables the gas flow rate to be specified directly in sccm, improving the accuracy, flexibility, and
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convenience of gas-environment control. After pressure stabilization, LabVIEW initiates RF plasma ignition and
executes the RF matching algorithm aimed at minimizing reflected power and improving the stability of the plasma
process. A separate software module implements the cyclic nanomaterial growth mode, in which the plasma-on
time, plasma duration, and total number of synthesis cycles are predefined. This approach makes it possible to
control material accumulation on the substrate and to correlate the process parameters with the morphological
characteristics of the resulting nanostructures. The final module of the system is designed for optical monitoring
of the nanoparticle cloud density in dusty plasma. For this purpose, the change in the intensity of laser radiation
passing through the plasma region is recorded using a photodetector and a Keithley 2401 measuring unit connected
to LabVIEW via RS-232 interface. The difference between the initial and modified optical signal intensity is used as
a diagnostic parameter characterizing the formation and temporal evolution of nanoparticles. The developed system
demonstrates that LabVIEW can be effectively applied not only for the automation of individual instruments, but
also for the implementation of a complete digital control cycle for PECVD-based nanomaterial synthesis.

Keywords: PECVD, automated plasma synthesis, nanoparticle growth control, dusty plasma diagnostics,
plasma nanotechnology.
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Introduction

Plasma-enhanced chemical vapor deposition (PECVD) is one of the most versatile methods for
the formation of thin films, nanostructures, and functional coatings. This is because low-temperature
plasma significantly expands the range of possible chemical reactions and enables controlled
material growth near the substrate surface [1-6]. One of the key advantages of PECVD over thermal
deposition methods is its ability to operate at reduced temperatures, which is particularly important
for temperature-sensitive substrates and for preventing defect formation, diffusion processes, and
degradation of the substrate material [7, 8]. Additional advantages of PECVD include high deposition
rates, the possibility of forming graded and multilayer structures, and the ability to control interfacial
regions and film microstructure. These features make PECVD a highly attractive technique for
micro- and nanotechnology applications [9].

The efficiency of the PECVD process is determined by a combination of technological parameters,
including pressure, RF discharge power, gas flow rate and gas ratio, substrate temperature, and the
condition of the plasma reactor [7, 10]. For this reason, modern PECVD studies increasingly employ
in situ diagnostic techniques, such as optical emission spectroscopy (OES), mass spectrometry, and
analysis of the electronic parameters of the plasma, in order to correlate the plasma composition with
the morphology, structure, and electrical properties of the deposited coatings [10—13]. For instance,
several studies have shown that pulsed precursor injection and controlled dilution regimes, such as
hydrogen dilution, can be used to finely tune the growth, densification, and transition stages from an
amorphous to a nanocrystalline structure [14, 15].

In such experimental systems, LabVIEW provides a convenient software environment for
measurement automation, actuator control, and real-time feedback implementation [ 16—18]. Published
studies have demonstrated its use for automatic acquisition of plasma probe characteristics, rapid
calculation of electron parameters, continuous processing of diagnostic signals, and process control
according to predefined quality criteria. These capabilities are particularly useful for investigating
plasma-chemical processes and synthesizing nanostructures [19]. Thus, the use of LabVIEW in
PECVD experiments can improve process reproducibility, reduce operator influence, and provide
a more accurate correlation between plasma parameters and the properties of the synthesized
material [20].

When moving from conventional PECVD processes to the synthesis of nanoparticles directly in
plasma, it is important to emphasize that the plasma environment acts not only as an energy source,
but also as a tool for controlling nanoparticle nucleation, evolution, and subsequent assembly into the
desired structure [2, 21-23]. In such processes, control over individual stages of material formation
is especially important, since the final size, morphology, uniformity, and functional properties of
nanoparticles are largely determined during nucleation, growth, charging, and coagulation.
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The practical importance of continuous process monitoring is related to the fact that variations
in plasma parameters, such as current, pressure, gas composition, and temperature, can significantly
affect particle size and the competing mechanisms of particle formation and enlargement [24]. In
studies on oxide nanoparticle synthesis in thermal plasma, in situ spectroscopy has been shown
to directly correlate particle size with plasma parameters, while the spectral characteristics of the
plasma column provide insight into the growth mechanism. Therefore, monitoring each stage of
synthesis is necessary not only to obtain a target average particle size, but also to narrow the size
distribution, improve reproducibility, and prevent undesirable agglomeration.

This is where LabVIEW becomes particularly useful, as it enables diagnostics, visualization,
data logging, and feedback control to be integrated into a single experimental control system [16, 17].
This makes it possible to move from passive observation to active control of the synthesis process,
where plasma parameters can be adjusted in real time based on diagnostic data, making the process
more stable and predictable [10, 25].

For the vacuum subsystem of a PECVD setup, LabVIEW is especially valuable as a platform that
combines control and recording of key process parameters. This is because the quality of deposition
is determined not only by the plasma itself, but also by the stability of pressure, gas flow, chamber
temperature, and the previous operating history of the reactor [7,10]. In automated systems, LabVIEW
has already been used for computerized hardware control and process logging, demonstrating its
suitability for building flexible control systems for vacuum—plasma equipment [26].

In practice, LabVIEW makes it possible to implement a step-by-step operating algorithm for
the experimental setup, including chamber evacuation, pressure stabilization, working gas supply,
discharge ignition, mode switching, and emergency shutdown when process parameters exceed
the allowable limits [27, 28]. In addition, LabVIEW is convenient for in situ data acquisition from
pressure, flow, voltage, and current sensors, as well as for integrating plasma diagnostics and real-
time feedback. This improves reproducibility and simplifies control over the individual stages of
synthesis.

Materials and methods

Full Automation of Experimental Process

To implement automated control of nanomaterial synthesis by PECVD, a control system
based on the LabVIEW software environment was developed. In this work, LabVIEW was used
as the central platform for coordinating all major stages of the experiment, from vacuum chamber
preparation and pressure monitoring to gas supply control, RF discharge ignition, execution of the
predefined synthesis scenario, and storage of technological parameters. The choice of LabVIEW was
motivated by its wide use in automated measurement and control systems, its ability to interface with
different instruments, and its capabilities for user-interface development and real-time experimental
data acquisition.

The automated PECVD synthesis cycle begins with preparation of the reaction chamber. At
the first stage, the system evacuates the chamber to a predefined base pressure while continuously
monitoring the vacuum gauge readings. Transition to the next stage is allowed only after the required
pressure value has been reached, ensuring identical initial conditions for each experimental series. This
approach is particularly important for plasma-chemical processes, since pressure, gas composition,
and the condition of the chamber directly affect discharge stability and the properties of the resulting
material. PECVD studies also indicate that process parameters, including pressure, gas environment,
and RF power, are key factors controlling thin-film deposition and the plasma process as a whole.

After the base pressure is reached, LabVIEW automatically initiates the supply of the working
gas or gas mixture into the reactor. At this stage, the system monitors the pressure variation inside the
chamber and ensures that the required working pressure for subsequent plasma ignition is achieved.
After pressure stabilization, the gas supply can either be stopped or switched to a predefined flow
mode, depending on the selected synthesis scenario. Thus, preparation of the gas environment is
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performed not manually, but according to a predefined algorithm, which reduces operator influence
and improves the reproducibility of experimental conditions. A similar automation principle, based
on sequential control of temperature, pressure, and gas flows, is widely used in CVD/PECVD systems
to improve process stability and repeatability [29, 30].

After the required vacuum-gas conditions have been established, the system proceeds to the
plasma ignition stage. LabVIEW turns on the RF generator according to the predefined scenario and
then controls the sequence of technological operations required for the synthesis process. At this
stage, the program functions not only as an operator interface, but also as a logical controller that
determines the order of transitions between the process stages. This approach makes it possible to
represent PECVD synthesis as a set of interconnected technological states, where each subsequent
stage starts only after the predefined conditions of the previous stage have been fulfilled.

The main advantage of the developed system is that the entire synthesis process is carried out
automatically according to a predefined algorithm. This minimizes manual intervention, reduces the
probability of operator errors, and ensures repeatable experimental conditions. In automated PECVD
systems, such an approach is used to implement both semi-automatic and fully automatic operating
modes, contributing to improved film uniformity and reproducibility of the properties of the obtained
materials [31]. In addition, automatic logging of process parameters enables the creation of a digital
record for each experiment, including evacuation time, chamber pressure, gas inlet timing, working
pressure, plasma ignition parameters, duration of individual process stages, and total synthesis time.

The automated PECVD synthesis algorithm includes the following steps:

1. Pumping of the vacuum chamber to the base pressure.

2. Real-time pressure monitoring.

3. Gas inlet until the target working pressure is reached.

4. Stabilization of the working pressure or interruption of the gas flow according to the selected
synthesis scenario.

5. RF plasma ignition under predefined power conditions.

6. Execution of the programmed synthesis scenario.

7. Automatic shutdown of the plasma after the defined process time.

8. Final pumping of the chamber.

9. Logging and saving of the technological parameters for further analysis.

Gas Flow Control and MFC Interface Implementation

Animportant part of the automated PECVD control system is the regulation of the working gas flow
before plasma ignition. In the developed LabVIEW program, several approaches were implemented
for controlling mass flow controllers (MFCs), depending on the available communication interface
of each device. This was necessary because different MFC models support different control modes,
including analog voltage input and digital communication through RS-232. In many commercial
MFCs, the setpoint can be supplied through an analog input, commonly in the range of 0-5 V, where
the applied voltage corresponds to a certain fraction of the full-scale flow range. For example, most
of the manuals describe a standard 0—-5 Vdc analog setpoint input applied to a specific connector
pin, while MKS documentation also describes MFC versions with analog setpoint and analog flow
signals in the 0—5 Vdc range.

At the first stage, several MFCs were tested using an analog control scheme. In this configuration,
LabVIEW generates a control signal that is applied to the analog input pin of the MFC. However, this
approach has an important limitation: if the system applies only a fixed high-level signal, for example
5V, the controller interprets this as a full-scale setpoint and opens the flow to the maximum calibrated
range. Therefore, analog control is suitable only when the voltage can be precisely generated and
scaled according to the required flow rate. In this case, the desired flow rate can be converted into a
voltage setpoint using a calibration relationship:
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where V,,, is the analog voltage applied to the MFC, @, is the required gas flow rate in sccm, and
Qx 18 the full-scale range of the controller. Without such voltage scaling, analog control becomes
closer to an on/off mode and does not provide accurate regulation of the gas flow, which is critical
for reproducible PECVD synthesis.

A more flexible control approach was implemented for MFCs equipped with an RS-232 interface.
In this case, a dedicated LabVIEW driver was developed for communication with a specific MFC
model. The driver provides serial communication between the computer and the controller, initializes
the COM port, sends the required setpoint command, and reads the actual flow response from the
device. This approach is consistent with the general LabVIEW instrument-control architecture, where
NI-VISA is used for communication with serial instruments through RS-232, RS-422, or RS-485
interfaces. NI documentation also notes that serial communication in LabVIEW requires correct port
configuration, including baud rate, stop bits, parity and device-specific command format [32, 33].

The developed gas-flow control module provides two operation modes: analog voltage-based
control for MFCs without digital communication and RS-232-based control for digitally accessible
MFCs. The RS-232 approach was found to be more suitable for automated PECVD experiments
because it enables direct assignment of the required gas flow, reduces the probability of over-opening
the valve, and improves the reproducibility of the gas environment before plasma ignition. This
module is integrated into the general LabVIEW-based PECVD algorithm, where the gas flow is
controlled together with chamber pressure, pumping sequence, plasma ignition and the subsequent
synthesis scenario.
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Figure 1 — Front diagram for gas flow control

Figure 1 shows an example of the LabVIEW front panel developed for controlling the flow of
the plasma-forming gas. As shown in the interface, the operator sets the ‘Setpoint Input’ value in
the range of 0—5 V, where 5 V corresponds to the full-scale opening of the MFC and therefore to
the maximum available gas flow. The control voltage is supplied to the corresponding MFC input
pin using a National Instruments 24-channel, 8.5 mA I/O device, which provides stable and reliable
analog signal generation for gas-flow control. The front panel also includes a graphical indicator for
monitoring the gas-flow control state, allowing the operator to observe the process in real time and
stop it if necessary.

Pressure-Controlled Vacuum and Gas Preparation Sequence

After implementation of the gas-flow control module, the next stage of the LabVIEW-based
PECVD system was the automation of vacuum and gas preparation before plasma ignition. This
stage is critical because the initial pressure, gas composition, and stabilization time define the starting
conditions for plasma formation and strongly influence the reproducibility of the synthesis process.
In the developed system, LabVIEW acts as the central control environment that coordinates the
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vacuum pump, gas inlet line, pressure sensor, MFCs, and plasma ignition sequence. This approach
is consistent with the general purpose of LabVIEW as a graphical environment for automated test,
measurement, instrument connectivity, user-interface development, and data acquisition.

The automated procedure begins with evacuation of the PECVD chamber to a predefined
base pressure. During this stage, the pressure signal is continuously acquired and displayed in the
LabVIEW front panel. The program does not allow transition to the next stage until the measured
pressure reaches the required threshold. This condition-based transition is important because it
ensures that each synthesis experiment starts from comparable vacuum conditions. After the base
pressure is achieved, LabVIEW opens the gas inlet line and sends the required flow setpoint to the
selected mass-flow controller. Depending on the MFC interface, this setpoint can be generated either
as an analog signal or as a digital command through RS-232 communication.

For MFCs with analog input, the gas-flow setpoint is controlled by applying a voltage signal,
typically in the 0—5 V range. In such controllers, the applied voltage is proportional to the full-scale
flow range; therefore, 5 V corresponds to the maximum calibrated flow of the device. This type of
analog signal is commonly used in commercial mass-flow controllers, while digital MFCs may also
support serial communication for direct setpoint programming. However, analog control requires
careful voltage scaling. If a fixed 5 V signal is applied without conversion from the required flow
rate, the MFC opens to its full-scale range, which can disturb the working pressure and reduce the
reproducibility of the PECVD process.

To overcome this limitation, an RS-232-based control mode was implemented for digitally
accessible MFCs. In this case, a dedicated LabVIEW driver was developed for the selected controller.
The driver initializes the serial port, sends the gas-flow setpoint directly in engineering units, such as
sccm, reads the actual flow response, and closes the communication session after the operation. The
advantage of this approach is that the operator or program can define the desired gas flow directly in
the LabVIEW block diagram without manual conversion to voltage. Commercial MFCs with serial
interfaces are designed for such programmable functions, including flow setpoint control and reading
of flow-related parameters.

After gas injection, the system continuously monitors the chamber pressure until the target
working pressure is reached. The transition to the plasma ignition stage is performed only when the
pressure remains within a predefined tolerance range for a selected stabilization time. This logic can
be described by the following condition:

|P(t) — P

g8t

| <AP for t = t__, 2)
where P(t) is the measured chamber pressure, P__, is the target working pressure, AP is the allowed
pressure deviation, and t,, ., is the stabilization time. This condition prevents premature plasma
ignition under unstable gas-pressure conditions and improves the repeatability of the synthesis
process.

Such pressure-controlled preparation is important for PECVD because deposition pressure can
significantly affect the properties of the deposited material. For example, studies on RF-PECVD thin-
film growth have shown that changes in deposition pressure can strongly influence film thickness,
bonding structure, optical properties, and morphology [34]. Therefore, automatic control of the
pressure and gas-flow sequence is not only a technical feature of the LabVIEW program but also an
essential requirement for obtaining reproducible nanomaterials.

Therefore, automatic control of the pressure and gas-flow sequence is not only a technical
feature of the LabVIEW program but also an essential requirement for obtaining reproducible
nanomaterials [35]. In the present PECVD system, this logic allows the operator to define the
experimental scenario in advance, while LabVIEW executes each stage automatically and records
the corresponding technological parameters.

As a result, the automated vacuum-gas preparation module reduces manual intervention,
prevents uncontrolled gas admission, and ensures that plasma ignition occurs only under predefined
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and stable process conditions. This makes the LabVIEW system not only a control interface but also
a process-management platform for reproducible PECVD synthesis of nanomaterials.

Results and discussion

RF Matching & Cyclic growth Control

To control the nanomaterial synthesis process by PECVD, a universal LabVIEW block diagram
was developed for the first stage of the experiment, namely RF matching (Figure 2a). At this stage,
the RF plasma is ignited at a specified power, which is selected according to the specific experimental
objective. It should be emphasized that minimization of reflected power is one of the key requirements
for stable ignition and sustained operation of RF plasma in the PECVD process. During the discharge,
the plasma behaves as a dynamically changing load whose impedance depends on pressure, gas-
mixture composition, supplied RF power, electrode surface condition, and the current stage of film
or nanomaterial growth [36]. When the impedance is not properly matched, a fraction of the applied
RF power is reflected back to the generator. This reduces the effective power absorbed by the plasma
and may lead to discharge instability, fluctuations in plasma parameters, changes in the deposition
rate, and deterioration in the reproducibility of the synthesized nanomaterial properties [37,38].
Therefore, in the automated PECVD control system, monitoring the forward and reflected RF power,
as well as adjusting the RF matching unit, is essential for maintaining a stable plasma environment
and ensuring the quality of the obtained materials.
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Figure 2 — Block diagram for RF matching following with synthesis process control

The second stage of automated control in the PECVD-based nanomaterial synthesis process
is related to setting the parameters of cyclic nanomaterial growth (Figure 2b). At this stage, the
main time parameters of the process are defined in LabVIEW: the plasma-on time, the plasma-off
time, and the total number of growth cycles. During the plasma-on time period, the gas mixture is
activated, precursor molecules are dissociated, chemically active radicals and ions are formed, and
nanoparticle nucleation and growth occur in the plasma volume. After the plasma is switched off,
the particles lose their charge, leave the confinement region governed by the plasma potential, and
are deposited onto the substrate surface, for example, onto a Si substrate intended for subsequent
analysis by SEM, TEM, AFM, Raman spectroscopy, XPS, or other analytical techniques. A similar
mechanism of cyclic nanoparticle deposition has been demonstrated for PECVD synthesis of carbon
nanostructures, where the number of particles deposited on the surface is controlled by the number of
cycles, while the surface morphology depends on the cycle duration and plasma parameters [39—41].
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For operator convenience, a Counter tool was also added to the LabVIEW interface to display the
current number of the synthesis cycle being performed.

Control of the plasma-on and plasma-off times is an important tool for regulating the size,
concentration, and spatial distribution of nanoparticles. In particular, for silicon nanoparticle
synthesis by VHF-PECVD, it has been shown that pulsed plasma operation can produce particles
with a narrow size distribution, while variation of the plasma-off time can be used to control
nanoparticle size [42]. Therefore, in the developed LabVIEW system, the cyclic growth mode is
implemented as a controlled sequence of operations that includes setting the plasma ignition time,
pause duration, number of repeated cycles, and automatic logging of process parameters [12]. This
approach improves synthesis reproducibility, enables controlled accumulation of material on the
substrate, and allows the automated control parameters to be correlated with the final morphological
and structural characteristics of the obtained nanomaterials [43, 44].
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Figure 3 — Time evolution of PECVD process

Figure 3 shows representative time-dependent changes in the main technological and diagnostic
parameters during the automated PECVD cycle. The oscillograph reflects the automated RF cycling
the PECVD process for nanoparticle synthesis. The parameters were as follows: plasma on/off times
200 ms and 2000 ms, accordingly. As it was mentioned before, the time control is also possible
to maintain by the user. The gas flow for 2 types of gases was 40 sccm and 5 sccm for nitrogen
and methane gases, accordingly. As the graph shows, the plasma on and off times were correctly
controlled.

Monitoring of the nanoparticle cloud density

The final stage of the developed LabVIEW-based PECVD control system was focused on the
optical monitoring of nanoparticle cloud density in dusty plasma. This module was implemented
to provide an in-situ diagnostic of the nanoparticle cloud formed during plasma-assisted synthesis.
In contrast to ex situ methods such as SEM or TEM, which provide information only after particle
deposition on a substrate, optical monitoring makes it possible to follow the temporal evolution
of nanoparticles directly during the plasma process. This is especially important for dusty plasma
systems, where the formation, charging, growth and transport of nanoparticles can significantly
affect the plasma parameters and the final properties of the synthesized material.
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The monitoring principle is based on measuring the change in laser radiation intensity caused by
the interaction of the laser beam with nanoparticles suspended in plasma volume. In the developed
system, the laser beam passes through the dusty plasma region, while the optical signal is detected by
a photodetector connected to a Keithley measuring unit and recorded automatically using LabVIEW.
The signal is measured before significant nanoparticle growth and then during or after the growth stage.
The difference between the initial and final optical intensities is used as an indicator of nanoparticle
cloud formation and can be further related to the particle number density. The relationship between
the laser signal and nanoparticle cloud density is based on the attenuation of laser radiation passing
through the plasma region. When nanoparticles are formed and suspended in the plasma volume,
they scatter and partially absorb the incident laser light. As a result, the transmitted laser intensity
decreases compared with the initial intensity measured before significant nanoparticle formation.
Therefore, the change in laser intensity can be used as a relative diagnostic parameter characterizing
the formation and temporal evolution of the nanoparticle cloud. In the present work, the optical signal
is used mainly for relative in situ monitoring. Absolute determination of nanoparticle number density
would require additional calibration, including information about particle size, optical properties,
and the effective interaction length of the laser beam with the nanoparticle cloud.

A similar laser attenuation approach was used by Ongaibergenov et al. to determine the
time-dependent evolution of carbon nanoparticle cloud density and size in dusty glow discharge
plasma; in that work, the laser signal was detected by a silicon photodiode, while signal acquisition
and intensity analysis were performed using NI LabVIEW and a Keithley 2401 measuring unit

(Figure 4) [12].
) - ‘;‘Lk
CT0

Figure 4 — Schematic diagram of the experimental setup for monitoring
the density of the carbon nanoparticle cloud during the synthesis process

In the present work, the novelty is not only the use of optical diagnostics itself, but its integration
into the automated LabVIEW control architecture. The photodetector signal is continuously
converted into a photocurrent or voltage signal by the Keithley unit and transferred to LabVIEW,
where it is displayed, stored and synchronized with other technological parameters of the PECVD
process. These parameters include chamber pressure, gas-flow state, RF power, plasma ignition time,
plasma-on/plasma-off cycle duration and total synthesis time. Therefore, each synthesis experiment
produces a digital dataset that links the optical response of the nanoparticle cloud with the controlled
plasma-growth conditions.

The use of laser-based diagnostics for dusty plasma and plasma-grown nanoparticles is well
established. Boufendi et al. noted that laser light scattering is one of the most widely used techniques
for detecting and sizing nanoparticles during their growth in dusty plasma systems [45]. In addition,
Ouaras et al. demonstrated that time-resolved in situ laser extinction and scattering diagnostics can
be used together with SEM and plasma diagnostics to study nanoparticle synthesis and transport
in low-pressure plasma. Their results showed that the decrease in laser transmission is correlated
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with changes in nanoparticle cloud density and size, and that laser scattering imaging can reveal the
spatial structure of the nanoparticle cloud, including void formation [46].

The importance of nanoparticle monitoring is also supported by studies showing that particle
growth changes the plasma state itself. Ussenov et al. investigated nanodust-containing argon-
acetylene RF plasmas and showed that cyclic nanoparticle growth affects electron density, electron
temperature and plasma potential; they also used laser light scattering to confirm the presence of the
dust particle cloud near the probe region [47]. This confirms that optical monitoring of the nanoparticle
cloud is not only a material-diagnostics tool, but also an important method for understanding how
nanoparticle formation modifies the plasma environment during synthesis.

Thus, the developed LabVIEW-based optical monitoring module provides an additional
feedback channel for the automated PECVD system. While the previous modules control the vacuum
preparation, gas admission, RF matching and cyclic plasma growth, this final module records the
optical response of the nanoparticle cloud and allows the nanoparticle cloud density evolution to be
evaluated. The integration of this diagnostic into LabVIEW makes it possible to move from simple
process automation toward data-driven plasma synthesis, where the growth of nanomaterials can be
correlated with real-time optical signals and controlled technological parameters.
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Figure 5 — LabVIEW block diagram for optical monitoring
of nanoparticle cloud density in dusty plasma

Figure 5 shows the LabVIEW block diagram for the optical monitoring module, in which
communication with the Keithley 2401 measuring unit is established via the RS-232 interface. This
module records the photocurrent signal from the photodetector through the Keithley unit and evaluates
the change in laser intensity caused by the nanoparticle cloud formed during plasma synthesis.

Conclusion

In this work, a LabVIEW-oriented automated control system for the PECVD synthesis
of nanomaterials was developed and described. The main result of the study is the creation of a
unified control algorithm that covers the complete experimental cycle: from vacuum chamber
preparation and working gas supply to plasma ignition, cyclic growth implementation, and optical
signal acquisition from nanoparticles formed in the plasma volume. This approach transforms the
PECVD experiment from manual control of individual devices into a sequential, programmable,
and reproducible technological process. The scientific novelty of this work lies in the development
of a unified LabVIEW-based control algorithm for PECVD nanomaterial synthesis, where several
technological and diagnostic modules are integrated into a single automated platform. Unlike partial
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automation of individual instruments, the proposed system combines vacuum chamber preparation,
pressure-controlled gas admission, MFC control through analog and RS-232 interfaces, RF plasma
ignition and matching, cyclic growth control, optical monitoring of nanoparticle cloud evolution,
real-time visualization, and data logging. This integrated approach makes it possible to transform the
PECVD process into a sequential, programmable, and reproducible digital synthesis cycle.

At the first stage, automation of the vacuum-—gas preparation procedure was implemented.
LabVIEW provides continuous pressure acquisition, monitors the achievement of the base vacuum
level, and allows the system to proceed to the next stage only after the predefined condition has
been fulfilled. This prevents the process from being initiated under unstable initial conditions
and improves experimental repeatability. In addition, a working-pressure stabilization logic was
implemented before plasma ignition, which is particularly important for PECVD because pressure
and gas composition directly influence discharge parameters, deposition rate, and the properties of
the formed material.

Another important result is the development of a gas-flow control module based on mass flow
controllers. Two practical connection modes were considered: analog control using a 0—5 V signal and
digital control via RS-232 communication. The analog mode can be used for MFCs without a digital
interface; however, it requires accurate conversion of the required gas flow into the corresponding
control voltage. Otherwise, applying a high-level signal, such as 5V, results in full-scale opening of
the controller and disrupts the required gas-supply regime. The RS-232 mode was found to be more
effective, and a dedicated communication driver was developed for this purpose. In this case, the gas
flow rate is specified directly in sccm, while LabVIEW sends the command to the device and receives
feedback on the flow status. This improves control accuracy, reduces the risk of uncontrolled gas
admission, and makes the process more convenient for automation.

The next module of the system is related to RF plasma control. LabVIEW is used to ignite the
discharge according to a predefined scenario and to control the RF matching stage. Minimization
of reflected power is essential because impedance mismatch between the RF generator and the
plasma load reduces the effective power absorbed by the plasma and may cause discharge instability.
Integrating RF matching into the general automated control algorithm improves the stability of the
plasma process and provides more reproducible conditions for nanomaterial growth.

A cyclic growth module was also implemented, in which the plasma-on time, pause duration,
and total number of cycles are defined. This structure makes it possible to control not only the plasma
ignition event itself, but also the temporal architecture of the synthesis process. During the plasma-
on period, the gas environment is activated and nanoparticles are formed, whereas during the pause,
conditions are created for their deposition onto the substrate. The presence of a cycle counter and
automatic time logging makes this mode convenient for systematic variation of process parameters
and their subsequent comparison with SEM, TEM, AFM, Raman, XPS, and other analytical results.

The final element of the system is an optical monitoring module for evaluating the density of the
nanoparticle cloud in dusty plasma. This module records changes in the intensity of laser radiation
interacting with nanoparticles in the plasma volume. The photodetector signal is measured using
a Keithley 2401 unit and transferred to LabVIEW, where it is stored together with the synthesis
parameters. This makes it possible to correlate the dynamics of nanoparticle formation with pressure,
gas supply, plasma-on time, number of cycles, and RF discharge parameters.

Thus, the developed system demonstrates that LabVIEW is an effective tool for complete
automated control of PECVD-based nanomaterial synthesis. Its key advantage lies in the integration
of control, diagnostics, visualization, and data logging within a single platform. This reduces
operator influence, improves experimental reproducibility, provides a digital record of each
synthesis process, and creates a basis for the further transition toward intelligent plasma-process
control based on feedback and experimental data analysis. Moreover, the developed LabVIEW-based
automation platform can serve as a basis for future implementation of feedback control algorithms
using diagnostic signals such as pressure, gas flow rate, RF forward/reflected power, and optical
monitoring data. Also, it should be noted that machine learning approaches may be used in future
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work to predict optimal synthesis parameters and improve the control strategy of nanoparticle growth
in plasma environments.

Information on funding
This research has been funded by the Ministry of Science and Higher Education of the Republic
of Kazakhstan (Grant No. AP23485948).

REFERENCES

1 Martinu, L., and Poitras, D. Plasma deposition of optical films and coatings: A review. Journal of
Vacuum Science & Technology A: Vacuum, Surfaces, and Films, 18, 2619-2645 (2000). https://doi.
org/10.1116/1.1314395

2 Ostrikov, K. Colloquium: Reactive plasmas as a versatile nanofabrication tool. Reviews of Modern
Physics, 77, 489-511 (2005). https://doi.org/10.1103/RevModPhys.77.489

3 Hundt, M., Sadler, P., Levchenko, 1., Wolter, M., Kersten, H., and Ostrikov, K. Real-time monitoring of
nucleation-growth cycle of carbon nanoparticles in acetylene plasmas. Journal of Applied Physics, 109 (2011).
https://doi.org/10.1063/1.3599893

4 Orazbayev, S., Yerlanuly, Y., Utegenov, A., Moldabekov, Z., Gabdullin, M., and Ramazanov,
T. Plasma with carbon nanoparticles: advances and application. Nanotechnology, 32, 455602 (2021). https://
doi.org/10.1088/1361-6528/ac1a40

5 Orazbayev, S.A., Utegenov, A.U., Zhunisbekov, A.T., Slamyiya, M., Dosbolayev, M.K., and Ramazanov,
T.S. Synthesis of carbon and copper nanoparticles in radio frequency plasma with additional electrostatic field.
Contributions to Plasma Physics, 58, 961-966 (2018). https://doi.org/10.1002/ctpp.201700146

6 Yerlanuly, Y. Effect of Nitrogen Concentration on Titanium Nitride Thin Film Formation. International
Journal of Mathematics and Physics, 14 (2023). https://doi.org/10.26577/ijmph.2023.v14.12.06

7 Ceiler, M.F., Kohl, P.A., and Bidstrup, S.A. Plasma-Enhanced Chemical Vapor Deposition of Silicon
Dioxide Deposited at Low Temperatures. Journal of The Electrochemical Society, 142, 2067-2071 (1995).
https://doi.org/10.1149/1.2044242

8 Zhumadilov, R.Ye., Yerlanuly, Y., Kondo, H., Nemkayeva, R.R., Ramazanov, T.S., Hori, M., and
Gabdullin, M.T. Hydrogen peroxide sensing with nitrogen-doped carbon nanowalls. Sensors and Biosensing
Research, 43, 100614 (2024). https://doi.org/10.1016/j.sbsr.2023.100614

9 Yerlanuly, Y., Christy, D., Van Nong, N., Kondo, H., Alpysbayeva, B.Ye., Zhumadilov, R., Nemkayeva,
R.R., Ramazanov, T.S., Hori, M., and Gabdullin, M.T. Creation of unique shapes by coordination of alumina
nanopores and carbon nanowalls. Fullerenes, Nanotubes and Carbon Nanostructures, 31, 295-301 (2023).
https://doi.org/10.1080/1536383X.2022.2146672

10 Gabriel, O., Kirner, S., Klick, M., Stannowski, B., and Schlatmann, R. Plasma monitoring and PECVD
process control in thin film silicon-based solar cell manufacturing. EPJ Photovoltaics, 5, 55202 (2014). https://
doi.org/10.1051/epjpv/2013028

11 Hsieh, Y.-L., Kau, L.-H., Huang, H.-J., Lee, C.-C., Fuh, Y.-K., and Li, T.T. In situ plasma monitoring
of PECVD nc-Si:H films and the influence of dilution ratio on structural evolution. Coatings, 8, 238 (2018).
https://doi.org/10.3390/coatings8070238

12 Ongaibergenov, Z., Orazbayev, S., Gabdullin, M., Ramazanov, T., Abdrakhmanov, A., Yerlanuly, Y.,
and Utegenov, A. Diagnostics and characterization of nanoparticles in dusty glow discharge plasma. Scientific
Reports, 15, 37530 (2025). https://doi.org/10.1038/s41598-025-22182-0

13 Descoeudres, A., Barraud, L., Bartlome, R., Choong, G., De Wolf, S., Zicarelli, F., and Ballif, C. The
silane depletion fraction as an indicator for the amorphous/crystalline silicon interface passivation quality.
Applied Physics Letters, 97 (2010). https://doi.org/10.1063/1.3511737

14 Dingemans, G., van de Sanden, M.C.M., and Kessels, W.M.M. Plasma-enhanced Chemical Vapor
Deposition of Aluminum Oxide Using Ultrashort Precursor Injection Pulses. Plasma Processes and Polymers,
9, 761-771 (2012). https://doi.org/10.1002/ppap.201100196

15 Kyrykbay, B., Abdirakhmanov, A., Ussenkhan, S., Utegenov, A., Yerlanuly, Y., Ramazanov, T.,
Koshtybayev, T., and Orazbayev, S. Obtaining hydrophobic coatings from AR+HMDSO using radiofrequency
discharge at atmospheric pressure. International Journal of Mathematics and Physics, 15, 77-82 (2024). https://
doi.org/10.26577/ijmph.2024v1511a9

376



KA3AKCTAH-BPUTAH TEXHUKAJIBIK
YHUBEPCUTETIHIH, XABAPIIBICHI Tom 23, Ne 2, 2026

16 Ballesteros, J., Fernandez Palop, J.I., Hernandez, M.A., and Morales Crespo, R. LabView virtual
instrument for automatic plasma diagnostic. Review of Scientific Instruments, 75, 90-93 (2004). https://doi.
org/10.1063/1.1634356

17 Law, V.J.,O’Neil, F.T.,and Dowling, D.P. Evaluation of the sensitivity of electro-acoustic measurements
for process monitoring and control of an atmospheric pressure plasma jet system. Plasma Sources Science and
Technology, 20, 035024 (2011). https://doi.org/10.1088/0963-0252/20/3/035024

18 National Instruments. LabVIEW (2021). URL : https://www.ni.com/en/shop/labview.html (accessed:
2021).

19 Pawtat, J., Samon, R., Stryczewska, H.D., Diatczyk, J., and Gizewski, T. RF-powered atmospheric
pressure plasma jet for surface treatment. The European Physical Journal Applied Physics, 61, 24322 (2013).
https://doi.org/10.1051/epjap/2012120428

20 Giannone, L. et al. Data acquisition and real-time signal processing of plasma diagnostics on ASDEX
Upgrade using LabVIEW RT. Fusion Engineering and Design, 85, 303-307 (2010). https://doi.org/10.1016/j.
fusengdes.2010.03.030

21 Kersten, H., Thieme, G., Frohlich, M., Bojic, D., Tung, D.H., Quaas, M., Wulff, H., and Hippler,
R. Complex (dusty) plasmas: examples for applications. Pure and Applied Chemistry, 77, 415-428 (2005).
https://doi.org/10.1351/pac200577020415

22 Lin, J., Hashimoto, K., Togashi, R., Utegenov, A., Hénault, M., Takahashi, K., Boufendi, L., and
Ramazanov, T. Transport control of dust particles by pulse-time modulated RF in dusty plasmas. Journal of
Applied Physics, 126 (2019). https://doi.org/10.1063/1.5093349

23 Batryshev, D., Utegenov, A., Zhumadilov, R., Akhanova, N., Orazbayev, S., Ussenkhan, S., Lin,
J., Takahashi, K., Bastykova, N., Kodanova, S., Gabdullin, M., and Ramazanov, T. Carbon nanoparticles
characteristics synthesized in pulsed radiofrequency discharge and their effect on surface hydrophobicity.
Contributions to Plasma Physics, 62 (2022). https://doi.org/10.1002/ctpp.202100238

24 Banerjee, L. et al. In situ optical emission spectroscopic investigations during arc plasma synthesis of
iron oxide nanoparticles. IEEE Transactions on Plasma Science, 34, 11751182 (2006). https://doi.org/10.1109/
TPS.2006.878430

25 Dosbolayev, M.K., Utegenov, A.U., and Ramazanov, T.S. Structural properties of buffer and complex
plasmas in RF gas discharge-imposed electrostatic field. IEEE Transactions on Plasma Science, 44, 469-472
(2016). https://doi.org/10.1109/TPS.2015.2497267

26 le Febvrier, A., Landdlv, L., Liersch, T., Sandmark, D., Sandstrém, P., and Eklund, P. An upgraded
ultra-high vacuum magnetron-sputtering system. Vacuum, 187, 110137 (2021). https://doi.org/10.1016/;.
vacuum.2021.110137

27 Yerlanuly, Y. et al. Achieving stable photodiode characteristics under ionizing radiation. Carbon, 215,
118488 (2023). https://doi.org/10.1016/j.carbon.2023.118488

28 Abdirakhmanov, A. The formation of chondrule-like particles in RF discharge plasma. Physical
Sciences and Technology, 10 (2023). https://doi.org/10.26577/phst.2023.v10.12.08

29 Ahn, J.H. et al. Development of a fully automated desktop chemical vapor deposition system for
programmable and controlled carbon nanotube growth. Micro and Nano Systems Letters, 7, 11 (2019). https://
doi.org/10.1186/s40486-019-0091-8

30 Niketa, A.K. et al. An automated chemical vapor deposition setup for 2D materials. HardwareX, 9,
e00165 (2021). https://doi.org/10.1016/j.0hx.2020.e00165

31 Fernandes, M., Vygranenko, Y., Magarico, A.F., and Vieira, M. Automated PECVD system
for fabrication of a-Si:H devices. Procedia Technology, 17, 580-586 (2014). https://doi.org/10.1016/j.
protcy.2014.10.194

32 National Instruments. Set Up Communication with Serial Instruments in LabVIEW using NI-
VISA. URL: https://knowledge.ni.com/KnowledgeArticleDetails?id=kA03q000000x1jtCAA&] (accessed:
19.12.2023).

33 National Instruments. Programming Serial Devices in VISA. URL: https://www.ni.com/docs/en-US/
bundle/ni-visa/page/programming-serial-devices-in-visa.html (accessed: 19.03.2026).

34 Podder, J., Rusop, M., and Soga, T. Boron doped amorphous carbon thin films grown by r.f.
PECVD under different partial pressure. Diamond and Related Materials, 14, 1799-1804 (2005). https://doi.
org/10.1016/j.diamond.2005.07.020

35 Ahn, J.H. et al. Development of a fully automated desktop chemical vapor deposition system for
programmable and controlled carbon nanotube growth. Micro and Nano Systems Letters, 7, 11 (2019). https://
doi.org/10.1186/s40486-019-0091-8

377



HERALD OF THE KAZAKH-BRITISH
Vol. 23, No. 2, 2026 TECHNICAL UNIVERSITY

36 Kau, L.-H. etal. Correlation of impedance matching and optical emission spectroscopy during PECVD
of nanocrystalline silicon thin films. Coatings, 9, 305 (2019). https://doi.org/10.3390/coatings9050305

37 Li, D., Li, J., and Chen, D. Real-time measurement device of RF impedance and power for RF
negative ion source. Fusion Engineering and Design, 179, 113124 (2022). https://doi.org/10.1016/j.
fusengdes.2022.113124

38 Yu, S. et al. Impedance matching design for capacitively coupled plasmas considering coaxial cables.
Journal of Physics D: Applied Physics, 57, 475204 (2024). https://doi.org/10.1088/1361-6463/ad7151

39 Orazbayeyv, S. et al. The method of synthesizing of superhydrophobic surfaces by PECVD. Journal of
Physics: Conference Series, 987, 012004 (2018). https://doi.org/10.1088/1742-6596/987/1/012004

40 Ussenkhan, S.S. et al. Fabricating durable and stable superhydrophobic coatings by atmospheric
pressure plasma polymerisation. Heliyon, 10, €23844 (2024). https://doi.org/10.1016/j.heliyon.2023.e23844

41 Baro, M. et al. Pulsed PECVD for low-temperature growth of vertically aligned carbon nanotubes.
Chemical Vapor Deposition, 20, 161-169 (2014). https://doi.org/10.1002/cvde.201307093

42 Mohan, A., Poulios, 1., Schropp, R.E.I., and Rath, J.K. Size control of gas phase grown silicon
nanoparticles by varying plasma OFF time in silane pulsed plasma. MRS Proceedings, 1803, mrss15-2133139
(2015). https://doi.org/10.1557/0pl.2015.476

43 Lundin, D., Jensen, J., and Pedersen, H. Influence of pulse power amplitude on plasma properties and
film deposition in high power pulsed PECVD. Journal of Vacuum Science & Technology A, 32 (2014). https://
doi.org/10.1116/1.4867442

44 Park, H.K., Song, W.S., and Hong, S.J. In situ plasma impedance monitoring of the oxide layer
PECVD process. Coatings, 13, 559 (2023). https://doi.org/10.3390/coatings13030559

45 Boufendi, L., Jouanny, M.C., Kovacevic, E., Berndt, J., and Mikikian, M. Dusty plasma for
nanotechnology. Journal of Physics D: Applied Physics, 44, 174035 (2011). https://doi.org/10.1088/0022-
3727/44/17/174035

46 Ouaras, K., Lombardi, G., and Hassouni, K. Nanoparticles synthesis in microwave plasmas:
peculiarities and comprehensive insight. Scientific Reports, 14, 4653 (2024). https://doi.org/10.1038/s41598-
023-49818-3

47 Ussenov, Y.A. et al. Langmuir probe measurements in nanodust containing argon-acetylene plasmas.
Vacuum, 166, 15-25 (2019). https://doi.org/10.1016/j.vacuum.2019.04.051

12y rterenos A.Y.,

PhD, ORCID ID: 0000-0001-6768-0918,
*e-mail: almasbek@physics.kz
12Ycenxan C.C.,

ORCID ID: 0009-0009-6597-2066,
e-mail: sultanusenhan@gmail.com
3YcenoB E.A.,

ORCID ID: 0000-0001-7903-8674,
e-mail: yerbolat@physics.kz
120Qpa36aeB C.A.,

PhD, ORCID ID: 0000-0002-7286-9990,
e-mail: sagi.orazbayev(@gmail.com

'Konaan6anbl FRUIBIMIAP KOHE aKMAPATTHIK TEXHOJIOTUsIAp UHCTUTYTHI, AlMarhl K., Kazakcran
*On-dapabu areiHaarel Kazak YITTBIK YHUBEPCUTETI, AJIMaThl K., Kazakcran
‘MpuncToH mia3Ma (usukace! 3eprxanacsl, Hero-Ixepcu, [puncron, AKIL

MNJIABMAJIBIK OPTAJAFBI HAHOBOJIIEKTEP CUHTE3IH LABVIEW
KOMETIMEH ABTOMATTBIK BACKAPY

Anjgarna
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OipbIHFail OarnapiamMabIK )KOHE anmnaparThiK IaropMaHbl 33ipiey: BaKyyMIbIK KaMepaHbl JalbIHAay, KbICHIMIbI
Oakpliay, xyMbIc ra3biH Oepy, KK rumasmacein xary, XK KyaTeiH yinecTipy, HaHOMaTepUaAapIblH LHUKIIIK
ecyl JKoHE IUTa3MaJjbIK OpTaJarbl HaHOOeJIeKTep/li onTHKAIbIK Oakpuiay. LabVIEW maiinanany arkapymisl Ky-
PBRUTFBUIAPIBI OacKapy/Ibl, SKCICPUMEHTTIK MapaMeTpiIepi TipKeydi 5KOHE MPOIeCTi HAKTHl YaKbIT PEKAMIH/IC BH-
3yanu3asuayaspl OipikTipyre MyMKiHOIK Oepii. ABTOMATTaHABIPBUIFAH IIHKJI KYMBIC KaMepachlH OeNriieHreH
KBICBIMFa KeNTipyzeH Oacranmaabl. Kenmeci ke3eH AKCIEPUMEHTTIH KaWTalaHaThIH OacTalKpl MIAPTTAphIH KamTa-
MacChI3 €TCTiH OCTIJICHICH IICKTI MOHIEC KCTKCHHCH KEiiH FaHa )Ky3ere achIpbuUiajibl. Opi Kapail, Oarmapiama ras
HIBIFBIHBIH 0acKapy KYpPBUIFBICHI apKbLIbI )KYMBIC ra3blH Oepyai Oackapaisl. JKyMbIcTa ra3 aFbIHBIH OacKapyablH
eKi pexnmi KapacTelppurran: 0—5 B kepHeyMeH aHANOTTHIK PexuM koHe RS-232 apkpuisl mudpisik GainaHbIc
pekuMi. AHAOTTHIK 9[Iic 6acKapy KepHEYiH ol MacITadTayqpl KaKET eTeTiHI KOpCeTireH, oiTKeHi 5 B kepHey
0epy KOHTPOJUICpAIH MaKCHMAalAbl aFblHFa TONBIK amibUTyblHa okeneni. CoHbpIMeH Karap, RS-232 wmHTepdeiici
MIBIFBIHBI ScCm OipITiKTepiHe TiKeled opHaTyFa MYMKIHAIK Oepei, OyJ1 ra3 OpTacklH OacKapylablH JJIIITT MEH
BIHFAMIIBUIBIFBIH apTThIpabl. KpichiM TypakTansipburanHal keidin LabVIEW YKOK paspsiabis sxkarbin, MIarbuFraH
KyaTThl a3aliTyFra jK9HE IUIa3MalIbIK MTPOLIECTIH TYPAKThUIBIFBIH apTThipyFa OarbiTTanrad RF matching anropurmin
opbIHIalabl. barmapiamMaHblH JKeke MOIyIliH/Ae HaHOMaTepHaIapAblH IUKIIIK 6Cy PEXXHUMI JKY3ere achblpbuIFaH,
SFHU TIJIa3MaHbIH JKaHy YaKbIThI, Kiflipic YaKbITBI JKOHE IUKIJEp CaHBI TEHIIENE . by Tocin HaHOMarepuanaap-
JIbIH KMHAIYbIH OaKpUIayFa *OHE MPOLECC MapaMeTpIiepiH albIHFaH HAaHOKYPBUIBIMAAPIBIH MOP(OIOTUSIIBIK CH-
narTamaiapbiMeH OalIaHBICTRIpYFa MYMKIHAIK Oepeni. JXKylieHiH COHFbI MOAYJI TO3aHIbI IJIa3Magarkl HAHOOOI-
HIEKTep OYJITHIHBIH THIFBI3ABIFBIH ONTHUKANIBIK Oakputayra apHanraH. Ox ymin RS-232 apkeuiel LabVIEW-nen
Oainanbickan Keithley 2401 ¢doromerekropbl MeH eiiuey OJIOrbI apKbUIbl UIa3Ma aiiMarblHAH OTKEH JIa3epilik
coyJelieHy KapKbIH/IBUIBIFBIHBIH ©3repyi Tipkeseai. bacTarkel )koHe ©3repTireH CUIHAJI KapKbIHABUIBIKTapbIHBIH
afBIPMAIIBUTBIFEI HAHOOOIIIIEKTEP/IiH Maiiia 00Iybl MEH SBOJIOUMSCHIHBIH IMArHOCTHUKAJIBIK MTapaMeTpi peTiHe
KONTaHbUIab!. O3ipiaeHred xyiie LabVIEW OGarmapiraMachiHBIH KeKe KYPBUTFbIIapABl aBTOMATTaHIBIPY VIIIiH FaHa
emec, COHbIMEH KaTtap HaHomarepuangapasiy PECVD cunTtesin 0acKapyablH TONBIK HUGPIBIK HUKIIH KYpy YIIiH
JIe THIMJT1 KOJIZIAHBUTATBIHBIH KOPCETE .

Tyiiin ce3nep: PECVD, aBromarThl Iuta3MaiblK CHHTE3, HAHOOOJIIIEKTEp OCyiH Oaxpliay, TO3aH/ABI IuTa3Ma
JIMAarHOCTUKACHI, TNIa3MaJIbIK HAHOTEXHOJIOTHI.
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"MHCTUTYT NPUKITAHBIX HAyK U HHOOPMAIIMOHHBIX TeXHOIOT i, T. AnMarsl, Kazaxcran
’Kasaxckuii HallMOHAJIbHBIN YHUBEPCUTET UM. alb-Dapadu, 1. Anmarsl, Kazaxcran
S[puHcToHCKas taboparopus Gpusuku mwiasmel, Heto-J[xepcn, [puncron, CIITA

ABTOMATHYECKOE YIIPABJIEHUE CHHTE30OM HAHOYACTHL]
B NJIASMEHHOHU CPEJE C UCITIOJIb30OBAHUEM LABVIEW

AHHOTAUA
B pabore mpezncraBieHa cUCTeMa aBTOMAaTHIECKOTO KOHTPOJIS MpoIiecca CHHTE3a HAHOMATEPHAJIOB METOIOM
IJTa3MEHHO-YCHJICHHOTO XUMHYECKOTO OCaKICHMS M3 Ta30Boil (aspl, peanm3oBaHHAas Ha OCHOBE MPOTPAMMHOI
cpexst LabVIEW. OcHoOBHas 11e7b MCCIENOBAHUS 3aKITIOUAeTCs B pa3paboTKe eAWHOW MpOrpaMMHO-aNapaTHON
w1aTopMbl, 00CCIICYMBAIOIICH MOCICIOBATEILHOE yIIpaBicHue KiroueBbiMU cTagusmMu PECVD-mporiecca: moj-
TOTOBKOW BaKyyMHOHM KaMepbl, KOHTPOJIEM JAaBJIE€HHs, Nojadell padodero rasa, 3axkuranueM BU-ruiazmel, coria-
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coBanueM BYU-MOImHOCTH, IUKIMYECKUM POCTOM HAHOMATEpHAJIOB U ONTHYECKUM MOHMTOPHMHIOM HAaHOYACTHII B
ruia3MeHHol cpene. Mcenonezoanre LabVIEW no3Bonmino o0beIMHNTH yHpaBieHne UCIIOIHUTEIbHBIMU YCTPOU-
CTBAMH, PETUCTPALIUIO SKCIEPUMEHTAIBHBIX ITApaMETPOB U BU3YyaJIN3alLUIO0 IPOLECCA B PEKUME PEAIBHOTO BpeMe-
HHU. ABTOMaTH3UPOBAHHBIN IIMKJI HAYNHAETCS C OTKAYKH PEAKIIHOHHOM KaMephl 10 3aJaHHOTO 0a30BOTO JIaBIICHHS.
[epexon k ciemyromiel CTaguN OCYIIECTBIAETCS TONBKO MOCIE AOCTHKEHHS YyCTAaHOBJIEHHOTO MOPOTOBOTO 3Ha-
YEeHUs], 4TO 00eCHeyrBacT BOCIPOU3BOUMBIE HAauallbHbIE YCIOBHA 3KCIepHMeHTa. [lanee mporpaMma ynpasiseT
nojiaueil paboyero rasa 4yepes ra3oBblil pacxogoMep. B paboTe paccMOTpeHBI JiBa pexuMa yIpaBiIeHUs Fa30BbIM
MIOTOKOM: aHaJIOTOBBIN PEXXUM ¢ rofadeit Hanpspkenust 0—-5 B u nudposoii pexxum cBsizu yepe3 RS-232. [Tokazano,
YTO aHAJIOTOBBIN CIIOCO0 TpeOyeT TOYHOTO MACIITaOMpPOBaHMS YIPABISIONIETO HANIPSHKEHUSI, TOCKOJIBKY Toja4a 5
B npuBOIUT K MOTHOMY OTKPHITHIO KOHTPOJUIEpa Ha MaKCHMAIbHBIA pacxon. B To e Bpems RS-232-unTepdeiic
TIO3BOJISIET 3a/1aBaTh PAcX0]] HEMTOCPEACTBEHHO B €IMHMIAX SCCM, YTO MOBBIIIAET TOYHOCTD M YJOOCTBO ympaBie-
HUs ra30Boit cpenoit. [locie cradbmmuzaruu gapiacuus LabVIEW unumuupyer 3amyck BU-paspsina v BBITOIHSICT
anroput™ RF matching, HanpaBieHHbI Ha MUHUMH3AIUIO OTPAXKCHHON MOIIHOCTH M TOBBIIICHUE CTAOUITBHOCTH
I1a3MEHHOro npouecca. OTAenbHbIH MOAYIb NPOrpaMMBbl peaau3yeT HUKIMYECKUI pekuM pocTa HaHOMaTepua-
JIOB, IJI€ 3aJJal0TCs BpeMsl TOPEHHUS IIa3Mbl, BpEMsI ITay3bl ¥ KOJIMYECTBO LIUKIIOB CUHTE3a. Takoi MOAXO/ MO3BOJISET
KOHTPOJIMPOBATh HAKOIUICHHE MaTepHraja Ha MOIOKKE W CBA3BIBATh MapaMeTpHI IIporecca ¢ MOp(OIOTHISCKUMA
XapaKTEPUCTUKAMU MOTyJaeMbIX HAHOCTPYKTYP. 3aBEPIIAIOINI MOTYIb CHCTEMBI IIPETHA3HAYCH [UISl ONITHYECKOTO
MOHHUTOPHHTIA TIOTHOCTH O0JaKka HaHOYACTHUI] B MbUIEBOM IIa3Me. JIJIsl 3TOro MCHONb3yeTCsl perucTpalys u3mMe-
HEHUSI MHTEHCUBHOCTH JIa3€PHOTO M3JIy4EHHsI, MTPOLIE/IIEro yepe3 00IacTh MIa3Mbl, ¢ IIOMOIIbIO (OTOETEKTOpa
u m3MeputenbHoro Oioka Keithley 2401, cszannoro ¢ LabVIEW uepe3 RS-232. Paznuna mexay MCXOnHOH U
M3MEHEHHOW MHTEHCHBHOCTBIO CUTHAJIA HCIIOJIB3YETCs KaK ANarHOCTHYECKHI ITapaMeTp (pOpPMUPOBAHUS U IBOJIIO-
WU HaHOYacTHIl. Pa3paboTtanHas cuctema geMoHcTpupyeT, 9uto LabVIEW MokeT 3 peKTHBHO MPUMEHSATHCS HE
TOJIBKO JJIsl aBTOMATU3aIMN OT/IEIBHBIX TIPHOOPOB, HO U JUIS MOCTPOEHUS TTOTHOTO IU(POBOTO LIUKJIA YIPABICHUS
PECVD-cuHTE30M HaHOMATEPHAIOB.

Kuouesble ciioBa: PECVD, aBToMarn3npoBaHHbBIHN MJIa3MEHHBIN CHHTE3, KOHTPOJIb POCTa HAHOYACTHII, JUAr-
HOCTHKA TBICIBOMN I1JIa3MBbI, IJIa3MCHHAs1 HAHOTCXHOJIOTUA.
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