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Hunamiunuii ananiz DOM-nepeBa BUSBUBCS HaWOLIBIIT THYYKUM METOJIOM, OCKIJIBKH BiH JIO3BOJISE
aBTOMATH3aIlil aJanTyBaTHCS JO HemependadyBaHUX 3MiH Ha BeO-cTopiHii. Hampukman, mpu
BUKOpUCTaHHI JavaScript mns anamizy ctpykrypu DOM, cucrema Moxke JIErKO 3HAWTH TOTPIOHI
€JICMEHTH, HaBITh SIKIIO iX KJIACH 3MIiHIOIOTHCS.

B3aemoniss 4epe3 CUMYIISIIIO MO IOKa3ajia CBOK KOPUCHICTh, OCOOJWMBO Ha CKJIAJIHUX BeO-
CTOpiHKax 13 3axucToM. Imitamis Iili KOpHCTyBaya JJ03BOJIIE OOXOOUTH OOMEXEHHS IHMHAMIYHHUX
CEJICKTOPIB 1 31MCHIOBAaTH aBTOMAaTH3aIlil0, HABITh KOJW E€JIEMEHTH HEIOCTYITHI JUIS MPSIMOTO JOCTYITY
yepe3 cenekropu. [Ipore, neit miaxix Moxe OyTH MEHII TOYHUM Y HOPIBHSHHI 3 MPSMHUM JIOCTYIIOM JI0
€JIEMEHTIB, OCKIJIbKH BiH 3aJIC)KUTh BiJl TOYHOI iMiTallii ITOBEIIHKA KOPUCTYBaya.

BucHoBku. Haiibinbp1 yHiBepcaqTbHUM MiIXOA0M € nuHaMivyHui ananis DOM-aepeBa, OCKUIBKH BiH
JI03BOJISIE HAWOUIBII THYYKO MPAIIOBATH 3 HelependadyyBaHUMH 3MiHAMH CeleKTOpiB. BukopucTaHHs
CUMYJIALIT MO/IN TaKOXK JI03BOJISIE 001MTH 0OOMEKEHHS AMHAMIYHUX CEJIEKTOPIB, KOJIM HEMA€E MOKIMBOCTI
OJIHO3HAYHO iMeHTU(diKyBaTH eneMeHTH. KokeH 13 MeTOJiB Mae CBOI IepeBard Ta HEIOJIKH.
HaifeekTuBHIIIMM MigX0A0M A0 aBTOMaTH3amii B3aeMoAii 3 BeO-CTOpIHKAMH € KOMOIHYBaHHS IMX
METO/IIB, aAANTYOUH 1X J0 CIIeU(IKU 3aXUCTY KOKHOTO PECypCy.
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AUTOMATION CAPABILITIES OF EQUIPMENT WITH BUILT-IN ROBOT FOR
MANUFACTURE OF MICROELECTRONICS PRODUCTS
Lashyn Z. V., Sotnik S. V.
(zakhar.lashyn@nure.ua, svetlana.sotnik @nure.ua)
Kharkiv National University of Radio Electronics (Ukraine)

The study discusses modern possibilities of production processes automation in field of
microelectronics with help of robotic systems. The influence of automation on improving productivity,
accuracy and quality of manufacturing microelectronic components is analyzed. Particular attention is
paid to integration of innovative technologies, such as artificial intelligence and 10T, which optimize
production processes and reduce costs. The requirements for automated control systems, which ensure
their efficiency, reliability and safety, have been determined. The results of study indicate need to
introduce automated solutions to maintain competitiveness of enterprises in microelectronics, which
opens up new horizons for innovative developments in this important area.

Problem Statement.

The modern microelectronics (MC) industry is characterized by constant increase in requirements
for accuracy, quality and efficiency of production processes. In face of global competition, manufacturers
strive to minimize time and resources spent on manufacturing microelectronic components while
increasing productivity and reducing errors. One of most promising areas in this area is introduction of
automated systems with robotic elements capable of performing complex technological operations with
maximum accuracy and speed [1-4].

The use of built-in robots in production equipment can significantly increase level of automation at all
stages of MC manufacturing, from material transportation to quality control of finished products [5, 6]. Such
systems are able not only to optimize cost of time and materials, but also to ensure flexibility of production
process due to ability to quickly reconfigure equipment for new tasks.
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This work will consider possibilities of automating production processes in microelectronics through
use of robotic systems, as well as their impact on quality and efficiency of production. The relevance of
topic lies in fact that automation of production processes using robotic systems is becoming critically
important for increasing competitiveness in field of microelectronics. Given growing demand for high-
precision and minimized electronic components, introduction of embedded robots can significantly
reduce manufacturing time, reduce production costs, and minimize human factor, which is especially
important in mass production environments. This enables companies to respond more effectively to
market challenges, innovate faster, and maintain high product quality. In modern microelectronics, there
is need to improve accuracy and efficiency of production processes, which is complicated by increasing
requirements for product quality and manufacturing speed. Traditional production methods are not always
able to provide sufficient level of automation, which leads to increased costs and errors due to human
factor.

The purpose of work is to conduct study of existing approaches to automation of production processes in
microelectronics for further development of automated equipment control system with built-in robot, which will
increase accuracy, productivity and reduce human intervention in production process.

Tasks to be solved: analyze existing technologies of production processes automation in MC;
determine requirements for automated control system for manufacture of microelectronic products.

Essence of study.

Analysis of existing technologies for automation of production processes in MC reveals several
main areas that are actively developing and implemented at enterprises. These technologies (Fig. 1) cover
various stages of production, from assembly of components to quality control of finished products.

Technologies for automation of production processes

Robotic Intelligent Control Accounting and 3D Internet of
Systems Systems Monitoring Automation|| printing Things (1oT)
Systems

Figure 1. Technologies for automation of production processes

Robotic systems have become an integral part of modern production in microelectronics. They are
used to perform variety of tasks: assembly of microelectronic components; automated vehicles ensure
smooth movement of materials in production halls; integration of cameras and sensors into robotic
systems allows for automated quality control at various stages of production.

Control systems based on artificial intelligence and machine learning allow you to analyze large
amounts of data to optimize production processes: analysis of equipment operation data contributes to
fact that systems can predict possible failures and prevent them; real-time adaptability of production
processes, improving efficiency and reducing costs.

Accounting and monitoring automation systems use sensors and interfaces to automatically collect
data on production processes: monitoring and production management, provide operator with complete
information about status of equipment and processes; integration of ERP systems with production
processes allows you to optimize resource management and control costs.

Manufacturing using 3D printing also finds its place in microelectronics, in particular for: rapid
prototyping of electronic components in order to test and validate; production of unique parts for specific
customer requirements.

I0T technologies are used to integrate various elements of production processes into single network,
which provides: optimize processes based on data received from various sensors; real-time monitoring of
equipment and production processes.

The analysis of existing technologies for automating production processes in MC demonstrates wide range
of innovative solutions that provide increased productivity, accuracy and efficiency. All these technologies,
combined with embedded robots, have potential for further development and improvement of automated control
systems, which will significantly affect quality of production in field of MC.
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Table 1. Requirements for automated control system for manufacture of MC products

Requirements category Requirements

Automation of all stages of production: assembly, testing, packaging.

Functional requirements | Integration with robotic systems to perform technological operations.

Collection and analysis of data on production processes to optimize
management decisions.

Quality control at all stages of production.

High reliability and stability of the system.

Non-Functional Ensuring data security and protection against unauthorized access.
Requirements Ability to quickly adapt to changes in production processes and new

technologies.

Compatibility with existing enterprise management systems (ERP,

MES).

Data processing speed of at least 1000 operations per second.
Performance Ability to process large amounts of information in real-time.
requirements Minimum delay time when executing control commands.

User-friendly and intuitive user interface.

Interface requirements

Compatible with various types of robotic systems and equipment.
Requirements for Use of modern hardware to ensure speed of data processing.

technical support Ability to connect additional sensors and devices to expand
functionality.

Successful implementation of automated control system for manufacture of MC products requires
clear definition of requirements that ensure its efficiency, reliability and safety. The table presents key
categories of requirements that cover the functional and non-functional aspects of system, performance,
interface, as well as hardware. Compliance with these requirements will create flexible, adaptive, and
high-performance automated system capable of optimizing production processes, reducing costs, and
improving quality of microelectronic products. This systematization of requirements is basis for further
development, testing and implementation of automated system in practical activities of enterprise. Here is
a table with requirements for automated control system for manufacture of MC products (Table 1).

Requirements for an automated control system, which must be taken into account in its design and
implementation in process of manufacturing MC products.

Conclusions

The study of production processes automation possibilities in microelectronics confirms importance
of implementing robotic systems that contribute to improving accuracy, productivity and efficiency of
electronic components manufacture. The identified modern automation technologies demonstrate
significant potential for optimizing production processes, in particular through integration of systems
based on artificial intelligence and IoT, which reduce costs, reduce human factor and improve product
quality. The defined requirements for automated control system serve as basis for its development, testing
and implementation, ensuring effective functioning at all stages of production. Thus, automation using
robotic elements is becoming not only necessity, but also key success factor in face of global competition
in microelectronics market. The results of this study open up new prospects for further developments in
this area, which will contribute to achievement of high standards of quality and innovation in production.
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Y pobomi pozensnymo numanna aemomamusayii cucmem nogi0OMIeHb WLIAXOM [Hme2payii 3
cyvacHumu KomyHikayiunumu naameopmamu. Ilpedcmaeneno nepesazu MikpocepsicHoi apximexkmypu
07151 3a0e3nevenHs Macumabo8aHocmi i SHyUKoCmi cucmemu, mexHiuHi acnekmu inmezpayii, 8K10YaAOYU
pobomy 3 APl, wugpysanns oanux i mexanizmu asmenmugpikayii. Ocodausy yeaey npudileHo SUKIUKAM,
AKI  euHUKalomb ni0 uyac iHmezpayii. Po3zenawymo cydacHi meHOeHyii 8NpOBAONCEHHS WMYUYHO20
inmenexmy 05l NIOBUWEHHS eheKMUBHOCMI KOMYHIKAYiti ma a0anmy8aHus ix 00 nompeb Kopucmyeauis.

AKTYyaJIbHiCTh JaHOI PO3po0KHM OOYyMOBJIEHA IIBHJIKHUM PO3BUTKOM TEXHOJOTIN 1 30UIbIIEHHSAM
00CsTiB JIaHUX, K1 MOTPeOyIOTh onepaTuBHOI 00poOkM Ta mepenaui. s OGi3HECIB KPUTUYHO Ba)KIJIUBO
MUTTEBO i e(eKTUBHO 1HPOPMYBATU KIIEHTIB, CIMIBPOOITHUKIB a00 MapTHEPIB MPO pi3HI MOl - 3MIHU
CTaTyCiB 3aMOBJIEHb, aKTHUBALlI}0 HOBUX (DYHKIIiH, onepekaTi Mpo TeXHI4HI 3001 TOLIO.

Oco6nuBe MicIle y IIbOMY MPOIECi 3aiiMae aBTOMAaTU3aIlisl PO3CHIIOK €JIeKTPOHHHUX TMOBIJOMIICHb Ta
iHTerpamiss 3 MOMYJIPHUMHU MeCeH/DKepaMHu. ABTOMAaTH30BaHI CHUCTEMH PO3CHUJIKH MOBIIOMJICHb
J03BOJIAIOTh 3HAYHO MIJBUIIUTH €(PEKTHUBHICTH POOOTH 32 PAXyHOK 3HM)KEHHS KIJIBKOCTI MEXaHIYHHX
NOMUJIOK, IO 3a0e3MeuynuTh JOCTaBKy IOBIJOMJIEHb TOYHO 1 cBoedacHo. lLle HemoxumBO 6€3
BITPOBA/KEHHSI aBTOMAaTU30BAHUX PIllICHb.

ABTOMaTH30BaHa CHUCTEMAa DPO3CHIJIKM IOBIIOMIJIEHb TAaKOX JI03BOJISIE ONTHMI3yBaTH BHYTPILIHI
MpPOLIECH B KOMIIaHISIX, CKOPOTUBIIM 4Yac Ha KOMYHIKallilo; I1e 3a0e3reuye MiJBUILEHY THYYKICTb
¢byHKILIOHYBaHHs 0i3Hecy Ta MaclITaOOBaHICTh CUCTEMU B YMOBAaX JUHAMIYHOTO PO3BUTKY KOMMaHIH i
301UbIIeHHs HaBaHTaXeHHs Ha [T-iHdpacTpykTypy.

Po3pobka mporpamHoro 3a0e3nedeHHs Ui aBTOMAaTHU30BAaHOI PO3CWIKM 3 BHKOPHCTAHHIM
MIKpOCEPBICHOT apXiTEKTypH € MEePCIEeKTUBHUM HANPSAMKOM, OCKIIBKU TaKa apXiTeKTypa J03BOJISIE JIETKO
MaciTaOyBaTy pillIeHHs, MOJIEPHI3yBaTH OKpeMi KOMIOHEHTH CHCTEMH 0e3 HeOOXiTHOCTI 3yMHHKH BCiel
ci1y>k0u, a TakoXx 3a0e3reuye OUTbII BUCOKY HaA1MHICTh Ta €eKTUBHICTh POOOTH 3a paXyHOK CHPOIIECHHS
iHTerpauii 3 pisumu miargopmamu ta APl mo e BaxkmuBuUM s 3a0e3nedyeHHs OaraTOKaHAJIbHOL
KomyHikartii [1].
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