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Abstract. With the rapid development of microelectronic technology in the 21st century, 

microelectronic technology has been widely used in various fields, which has promoted various 

fields and improved the level of industrialization in the world. But there are still many problems, 

so this paper will introduce the application of microelectronics technology, let readers 

understand that microelectronics technology has a strong research prospect. The research 

methods of this paper are as follows. Firstly, the importance and significance of microelectronic 

technology are described, and the development process of microelectronic technology is 

introduced. Then its applications in microelectronics automation and microelectronics packaging 

are introduced. It makes readers understand that there are many application scenarios of 

microelectronic technology and provides scholars with different research directions. This article 

will first describe the history of the development of microelectronic technology, and then explain 

its various applications. The future research directions of microelectronic technology in several 

industries are also highlighted. 
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1.  Introduction 

Microelectronic technology, which is the backbone of the electronic information industry and the basic 

technology of the information industry, is currently a rapidly evolving field of science. Microelectronic 

technology, particularly super large scale integrated circuit, is a novel technology that was developed 

alongside integrated circuit. System circuit design, device physics, process technology, material 

preparation, automation testing, packaging and assembly, among other specialized technologies, are all 

part of the microelectronics field. Microelectronic technology is the culmination of all microelectronic 

process technologies. High-tech electronic technology known as microelectronics is built on a variety 

of semiconductor devices with integrated circuits at its core [1].  

It has a compact volume, is lightweight, highly reliable, and operates quickly. The information era 

has a significant impact from microelectronic technologies. The information age is arrived, and the 

global information economy is expanding quickly [2-3]. The three core subfields of microelectronic 

technology are film technology, microelectronic packaging technology, and the preparation of integrated 

circuit chips. Chip is a method of information storage, processing, and processing that is helpful for the 

growth of the information industry [4]. And the technology used to create chips is microelectronics. 

Microelectronic technology is thus a crucial component of the science and technology sector in the 

information society. Microelectronic technology, which is essential to the development of the electronic 
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sector, has a wide range of development possibilities, but as it advances, a few challenges invariably 

come into play. The further advancement of microelectronic technology is constrained by physical 

constraints, materials, and procedures, for instance. The mainstream development trend for electronic 

devices is the downsizing of products, which is a requirement of today's society. Microelectronic 

technology's advancement and improvement will not only greatly improve people's quality of life and 

productivity but will also encourage the advancement of existing manned space technology, information 

and communication technology, and the manufacture of electronic materials [5]. It is important to 

discuss the development of micro-electronic technology and analyze the application field of micro-

electronic technology because the level of micro-electronic technology development is now gradually 

becoming a significant consideration point to measure a country's overall national strength [6]. 

This article will first describe the history of the development of microelectronic technology, and then 

explain its various applications. The future research directions of microelectronic technology in several 

industries are also highlighted. 

2.  The development of microelectronic technology 

Physicists started investigating cathode ray tube discharge in 1875. German scientists made the 

discovery of X-rays in the latter half of the 19th century. He proposed in 1899 that there are smaller 

electrons than atoms and that they are the smallest unit of matter; The invention of the transistor in 1947 

sparked a revolution in microelectronics and set the stage for further advancements. Using silicon plane 

transistor and metal vacuum coating techniques, the integrated circuit (IC) was created in 1958. It 

created an IC device that heralded the dawn of the human race's digital information age in September of 

the same year [7]. The metal-oxide-semiconductor field effect transistor (MOS), which serves as the 

foundation of integrated circuits (ICs), was introduced in 1962. The complementary metal oxide 

semiconductor (CMOS), a method for creating large-scale integrated circuits, was created in 1963 and 

is still utilized today in most integrated circuit chips. According to Moore's Law, which was first 

suggested in 1965, the performance of an integrated circuit (IC) would roughly double after every cycle 

of doubling the number of transistors (about every 18 months). The advent of dynamic random memory 

(DRAM) in 1971 marked the start of the large-scale integrated circuit industry. This revolutionary 

discovery signaled the beginning of a new phase in the advancement of microelectronics technology, 

which was primarily seen in the focus of microelectronics research, development, and application on 

large-scale integrated circuits and microprocessors [1]. Figure 1 is the development history of 

microelectronics technology 

 

Figure 1. Development history of microelectronics technology. 
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3.  Application of microelectronic technology 

3.1.  Application of microelectronic technology to automation 

Automation control technology has advanced steadily and been used more and more in a variety of fields 

because of society's ongoing development and advancement. These advancements have led to specific 

successes in the application of these technologies across various industries, which are crucial to the 

growth and advancement of those industries [2]. Automatic control is the opposite of manual control in 

that it can be carried out automatically with the installation of a control device in the appropriate 

equipment. However, during this process, it is important to pay attention to the feedback control system. 

When the control part issues the corresponding instructions to the controlled part, the controlled part 

can promptly report the status of its activity to the control part, allowing the control part to make an 

appropriate activity adjustment in response to the controlled part's information. As a result of the 

automatic control system's use of microelectronic technology, the lines that were previously chaotic 

have become cleaner and more organized, the accuracy of the system has significantly improved, and 

its overall size is gradually decreasing. This offers users a great deal of convenience [3]. 

Automatic control is continuously upgraded alongside societal advancement, moving from the initial 

straightforward control to a more intelligent course. Microelectronics technology has slowly been 

incorporated into automatic control in recent years, which has directly aided in the advancement of 

industry and raised people's standards of living. A comprehensive intelligent control system that 

combines automation and microelectronics is known as microelectronic design automation technology. 

If the control circuit is intelligently designed, combining an electronic circuit with mechanical control 

can improve control effectiveness while also freeing up a lot of labor and protecting the environment. 

Circuits can evolve in the direction of integration, which is extremely low in power and small, thanks to 

microelectronic technology. The most cutting-edge microelectronic technology product available today 

is the SOC system, which combines the necessary circuits and functionalities on a very small chip. If 

the planned interface is set aside externally, the SOC system can be utilized directly in a variety of 

control systems. The "brain" of automation control, which regulates the regular operation of the 

complete automation system, is also located here [4]. 

The two main components of the micro-electronic design automation system are automatic operation 

and micro-electronic control. The system's primary processes are designing the input module, testing 

the module, designing the data module, and designing the simulation module. 

3.1.1.  The input module. The input module can issue all control commands since it serves as the control 

system's command input terminal. As a result, the input module is created for computer programming, 

which uses computer language to construct commands and analysis to scientifically separate all of the 

control system's operations. The input module's design quality directly affects how well the system 

executes, thus while developing the input module, it should employ optimization techniques to increase 

execution efficiency as much as feasible and minimize redundant code as much as possible. 

3.1.2.  The testing module. The detection module is used during system operation to identify system 

failures; it does not fall under the purview of the system function module. Make sure system bugs are 

identified and repaired as soon as possible [4]. 

3.1.3.  Designing the date module. Because there is a lot of control information in the control system, 

the data module's primary purpose is to process and store more data. Since the extraction and storage of 

data must be done quickly due to the application of automation systems to meet increasingly strict 

standards for accuracy, this is the most crucial consideration when designing the data module [6]. 

3.1.4.  Designing the simulation module. Simulating real-world operating circumstances with the aim of 

reflecting how the system operates allows for the early detection of system flaws and timely system 

function adjustments. 

Proceedings of the 2023 International Conference on Mechatronics and Smart Systems
DOI: 10.54254/2755-2721/11/20230235

212



The rapid expansion of automation is facilitated by the advancement of microelectronic technology, 

and this may be viewed as promoting the advancement of industrial society. In many industrial domains 

nowadays, robot control that is automated is crucial. For instance, automating tasks using robots and 

removing human labor are fundamental to the car sector. The application of robot automation equipment 

is microelectronic design automation technology [7]. Industrial progress has provided a significant push 

for the development of all robots since they are all controlled by microelectronic technology chips. 

Meanwhile, it also more effectively secures the systematic advancement of human productivity and 

living. It is anticipated that the automatic method of microelectronic design will be utilized more 

frequently and have a higher value as science and technology continue to advance. 

3.2.  Microelectronic packaging technology  

Since the turn of the 20th century, the integrated circuit business is also growing quickly, and its products 

have an important part in many different industries. Packaging has an impact on the electrical 

performance, temperature performance, and other characteristics of integrated circuit products; as a 

result, microelectronic packaging technology is crucial to raising the caliber of these products. followed 

by the microelectronics industry, which rose to prominence globally. The design, production, and 

packaging sectors are now the three autonomous industries that make up the microelectronics sector. 

These three sectors make up the backbone of our economy. The science of microelectronic packaging 

has evolved into a core technology of the IT industry and one of the essential elements of the 

microelectronic industry against the backdrop of the fast growth of contemporary society. According to 

the definition of microelectronic packaging technology analysis, this term primarily refers to the 

assembling of several semiconductor electronic components into a complete package that requires 

external power.  

Microelectronic encapsulation can help an IC run normally and minimize outside interference, to a 

certain extent. Microelectronic packaging must, therefore, satisfy the user's unique design needs for 

electronic equipment and guarantee that the quality and other indications are appropriate and trustworthy 

[8]. Microelectronic packaging technology has gone through three phases of evolution. The first step of 

microelectronics packaging technology took place in the late 1970s and primarily used cartridge types. 

Dual-in-line packaging (DIP) technology, the primary application path of molded polymers, laminated 

porcelain packaging, etc., is the foundation of this technology. Although this technology has advantages 

such as simple operation, high dependability, and compact package size, it is also limited by the high 

cost of the components used, particularly the printed circuit board PWBS.  

The surface mount welding technology, or SM packaging, was developed in the 1980s as part of the 

second generation of packaging technology. A novel package series, four side lead flat package with 

airfoil leads on all four sides plain packaging, has emerged to satisfy the demand for greater density. 

The 1990s saw the final era. The advent and widespread use of LSI, VLSI, and ULSI, along with the 

quick growth of integrated circuit technology, led to a sharp rise in the number of IO connections and 

new specifications for integrated circuit packaging. Smaller chip size packaging (CSP), which was 

constantly created in the late 1990s because of market pressure, gradually entered the market. While 

packaging technology was moving in the direction of compact size, low power, and high density, multi-

chip components were evolving quickly [9]. 

3.3.  Common microelectronic packaging technology 

3.3.1.  BGA packaging technology. BGA packaging, also known as welding ball array packaging, is one 

of the most popular microelectronics packing methods now. The welding ball can be used in lieu of the 

lead wire during packaging because of its superior electrical performance, short cutting and leading 

route, and decreased pin delay. Additionally, due to the planar arrangement of the welding pellets on the 

electronic plate. More pins of microelectronic components are packed using BGA packing technology 

under the same area's premise. Additionally, there is a close connection between this technology and the 

tools and setup procedures presently employed in microelectronic packing. It can increase the 
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dependability of packing technology, successfully prevent the lead deformation problem during 

packaging, and significantly boost assembly productivity.  

These benefits make BGA packing technology very well-liked by the public. It has quickly grown. 

Because various substrate materials require distinct BGA packaging technologies, there are some 

differences in the types of array packaging that are frequently used, including PBGA, TBGA, FCBGA, 

PQFP, etc. There are rules regarding the pitch of the leads when PQFP is utilized for packaging.  The 

complexity of assembly will increase if the pitch is more than 0.5mm.  As a result, when employing this 

technology, the number of leads is typically limited to 208, and the package body size must be more 

than 28mm.  The technology with the most promising future development is FCBGA.  It has all the 

benefits of BGA packaging technology and has been enhanced on this foundation with better thermal 

performance, reliability, and repairability [10]. Figure 2 is the schematic diagram of BGA packaging 

technology process. 

 

Figure 2. Schematic diagram of BGA packaging technology process. 

3.3.2.   System-in-packing (Sip). A technique called System-in-Package (SiP) combines several chips, 

packages, and other electronic parts in a single package. To fulfill the demands of current electronic 

equipment for high performance, low power consumption, and downsizing, system level packaging can 

achieve better integration, smaller package volume, and lower power consumption. Multiple chips, 

packages, and other electronic components that have been combined using sophisticated packaging 

techniques often make up system-level packages. System level packaging has a better degree of 

integration than typical multi-chip systems since it may incorporate numerous functional modules in a 

single package, which lowers system complexity and packaging costs.  

Silicon interlayer, stacked packaging, side connection packaging, TSV packaging, and other 

packaging technologies are examples of system level packaging. Due to their ability to provide greater 

integration and improved performance, silicon interlayers and stacked packages are among those that 

are most frequently employed. System level packaging, in general, is a type of packaging technology 

with high integration and outstanding performance that may satisfy the demands of contemporary 

electronic equipment for high performance, low power consumption, and miniaturization. 

Microelectronic packaging technology is a very important application of microelectronic technology. 

Microelectronics technology is an important foundation and core industry of the modern information 

society. It will continue to occupy the peak of the times and will continue to unwaveringly promote its 

development and progress as the only means to achieve modernization in the era of science and 
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technology as the primary productive forces. Microelectronic technology will therefore continue to play 

a crucial role in advancing society both now and in the future. 

4.  Conclusion 

This thesis focuses on microelectronic technology. Some important events in the development process 

of microelectronics technology are narrated in chronological order, so that readers can understand the 

development process of microelectronics technology and better understand the microelectronics 

technology. Then, two practical applications of microelectronic technology are put forward: automation 

application and microelectronic packaging technology.  

Readers can understand the automation of microelectronics and microelectronics packaging, and 

understand the many practical applications of microelectronics, and give researchers some ideas about 

the application of microelectronics technology. Microelectronic technology has many applications in 

chip and integration and other important fields. But it has not been used effectively in many areas or has 

encountered difficulties. Therefore, it is worthwhile for future researchers to conduct more research on 

it and break down its technical barriers. So that it can be applied in more fields, can better serve the 

world. 
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