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Abstract. This paper summarizes and synthesizes the research findings of previous scholars,
starting from the fabrication of single-crystal silicon to wafer processing and the final chip
manufacturing. Additionally, it analyzes the domestic and international integrated circuit
industry chains and markets, elucidating the levels and characteristics of the technology both
domestically and internationally. This paper aims to provide readers with a comprehensive
understanding of the various processes and steps involved in the production of integrated circuits,
and to enable readers to develop a preliminary and fundamental understanding of the integrated
circuit industry.
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1. Introduction

Previous scholars have primarily focused on specific aspects when exploring and systematically
summarizing the research on integrated circuits. For example, the upstream industry of integrated
circuits [1] improve the conductivity of the wafer so as to enhance chip performances in the subsequent
manufacturing processes [2]. In the midstream of the integrated circuit industry, due to its complexity,
scientists often tend to focus on studying specific processes within the manufacturing chain, such as the
physical mechanisms behind photolithography, etching, doping and deposition. Scholars aim to improve
and innovate these processes to achieve cost reduction, enhance production stability, or improve chip
performances. In the downstream of the industry, the packaging and testing stages have also attracted
many scholars to conduct specialized researches in this area. The research outcomes typically focus on
improving the standardization [3] of integrated circuit testing or designing new diverse packaging [4]
and testing methods to enhance testing accuracy.

However, this paper emphasizes the rapid and systematic representation of the current global
development process of integrated circuits. With the growing habit of fragmented reading, specialized
researches in a specific direction may not be conducive to readers who are encountering the integrated
circuit industry for the first time, but have certain demands and hope to quickly gain a general
understanding of the technologies used in the industry and the domestic and international status of the
industry. To enable more people to understand how a chip in smartphones, computers, or other
electronic products is made, a systematic and comprehensive overview of integrated circuit technology
and the industry is organized in this manuscript.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2. The basic semiconductor materials: wafer

Wafer is a thin cylindrical material to make a chip, and generally made of silicon as shown in figure 1,
which takes up the most part of global semiconductor market. In addition, nowadays there are also some
wafer made by new materials, such as SiC [5], GaN [6], GaAs [7], GaO [8], AIN [9] and some two-
dimensional materials [9, 10].

Figure 1. A wafer of Chinese-manufactured silicon carbide MOSFET [1].

So far, wafer is the most important material to make semiconductor devices and build integrated
circuits. Due to its different physical and chemical properties, the silicon wafers can be sorted into
different applications. For example, 8 inches and 12 inches silicon wafers are widely used in advanced
logic circuits, power devices and storage chips. While smaller wafers with size up to 6 inches are usually
used to make discrete devices. Generally, the bigger a wafer is, the more chips it can carry, which will
effectively reduce the production and manufacturing costs of individual chips. Wafers can also be sorted
by the doping degree, manufacturing processes or their application scenarios.

When we come to the fabrication of a wafer, there are plenty of complex technologies. Among which,
most of them are focused on modifying the performance of a wafer, eliminating the unwanted injury
on the wafer surface, cleaning the dirt or particles. The main processes will be introduced in the next
paragraph.

The first process will be the Czochralsk and Float-Zone method to change polycrystalline silicon into
monocrystalline silicon and to form the silicon ingot. The monocrystalline silicon produced by these
two methods is slightly different in performances, and monocrystalline sillcon produced by Czochralsk
is more widely used due to its lower price. The second process is slicing. Using wire saw machines, the
silicon ingot can be sliced into thin cylindrical pieces. After this, beveling, grinding, etching and
polishing processes will also be needed to make the surface of sliced pieces more smooth and thinner.
After further cleaning and particle checking, the qualified silicon wafer can be packed and sold to
customers for chip production.

China’s semiconductor industries still have some barriers to overcome. For instance, the surface
cleanness, the evenness and the crystal defects are strictly restricted, due to which some time are still
needed to improve our technology in silicon industry. Commercially, some time is also needed for a new
wafer supplier to be recognized by the market, to make sure the product are qualified and stable. A
wafer-producing factory is usually too expensive to private capitals, so only government capitals have
the willingness to build factories to manufacture wafers and address social employment issues. Last but
not least, the number of professionals is too small because China relied too much on international
suppliers in the past decades, which makes the local technology development more difficult.

3. The main fabrication processes

The first transistor in the world was created in 1949 by three American scientist, who started a new
century of applying semiconductor. Then in 1958, a young engineer named Jack Kilby built the first
piece of integrated circuit in human history and began the large-scale application of integrated circuits
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(IC). Over the following few decades, integrated circuits and semiconductor industry have become one
of the most prosperous industries around the world. The applications of IC are not only in electronics,
but also inaviation, telecommunication, and military. In modern world, due to the limitation of
technology and economic factors, the growth rate of IC industry cannot maintain as fast as that in the
last century, but still keeps an upward trend.

In the initial stage, America was the dominant country for integrated circuit manufacturing. Then in
the 1980s, Japanese tried to challenge the leading role of American, but finally failed [11].Considering
the biggest market of IC in China, the Chinese government is trying to promote the developing of IC
industry, but because of the high cost and the lacking of professionals, Chinese national IC industry still
has a long way to go.

For nowadays technology of producing integrated circuits, photolithography maintains its position
of the most complex, expensive and important process in semiconductor manufacturing [12].
Photolithography in integrated circuits is a technique to precisely copy the pattern from photo masks to
the wafer substrates, as shown in figure 2. A gluing process is the start of a photolithography [13]. The
composition of the photoresist will directly affect the photolithography effects. Rotary gluing is the most
commonly used gluing method to make sure thin film forming above the wafers [14]. Then it comes to
the most important process in the lithography —— the exposure . Exposure uses the light giving out by
the light source and a series of prism to print patterns on the wafer covered by photoresist [13, 15, 16].
After exposure, the polymer formed by the previous gluing step is removed by the development process.
Then the pattern generated by the exposure step can be observed by microscopes.
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Figure 2. The structural diagram of a certain company’s photolithography machine [2]. (a) A
commercial lithography machine; (b) A schematic diagram of exposure system.

If we need to form a thin film on the wafer to isolate different devices and connecting lines, an
oxidation process will be needed. The film is usually made of silicon dioxide and silicon nitride, which
is not only the excellent insulating material, but also easily to form. And the etching process will remove
those unwanted films on the wafer surface by using hydrofluoric acid, or by physical peeling [17].
Doping is an operation that changes the electrical conductivity by mixing other impurities into a
substrate material. The ion implantation and physical diffusion are two common ways to inject impurity
ions into wafers.

4. The package and test process

After fabrication processes in the fab, wafers will be packaged and tested to assess whether the
manufactured chips meet the required standards.
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Figure 3. Embedded packaging example®

Semiconductor package is a technique that enclosing a designed integrated circuits (IC) in order to
protect its circuits and devices, which is in a protecting casing made of a certain material such as mental,
plastic or ceramic, as shown in figure 3. The purpose is not only providing protection against damage or
contamination to the internal structure of the IC, but also connecting the internal components with
external chips.

Nowadays, fabless mode is used by most of the companies that are running the service of packaging
semiconductors, except Intel and Samsung. Fabless companies do not package and test IC functions by
themselves, but handing over the work to specialized companies for packaging and testing processes.

The packaging of semiconductors can vary depending on specific details. Different packaging
techniques can be selected based on different packaging requirements, such as the packaging material
(metal, ceramic, or plastic), the packaging molding process (pre-mold or postmold), and the external
shape of the packaged product (SIP, DIP, PLCC, PQFP, SOP, TSOP, PPGA, PBGA, CSP) [18].
Nowadays, with the development of craft of the packaging, semiconductors can also be packaged using
the technique of Flip-Chip or SIP. The former focuses on optimizing the semiconductor’s reception
performance for high-frequency signals and compressing the integration space of the semiconductor to
achieve more efficient utilization of space. The latter, on the other hand, emphasizes the number of
functions that can be achieved on a per-unit area of the semiconductor. In other words, for chips of the
same size, individual units packaged using SIP technology can achieve more functionalities.

Semiconductor testing refers to the testing of packaged IC for their basic functionality parameters,
including both wafer-level testing (CP) and final product testing (FT). Only the products that pass the
tests and meet the requirements can be delivered to customers as commodities.

Compared with other parts in the integrated circuit industry chain, the development of semiconductor
packaging and testing of China has been relatively more competitive, and occupied a certain share in
the international industry chain segments. However, most of the packaging or testing companies in
mainland China are still faced with the problem that the packaging techniques are not advanced enough.
Only relatively simple functions can be achieved compared to international leading companies like
Taiwan’s TSMC, and the profits gained by these companies are relatively low. But with the gradual
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withdrawal of companies of other areas such as Japan, South Korea, and the United States in this
business field, semiconductor packaging and testing enterprises in mainland China still have
immeasurable development space [19].

5. Conclusion

Integrated circuits, as a widely applied technology in human society, should be as familiar to people as
literature, mathematics, or language. It is not only important for individuals to have a basic
understanding of the production methods and current state of the tools they are currently using and will
use more frequently in the future, but also serves as a powerful driving force for the advancement of the
integrated circuit industry and human civilization as a whole. The overview may not be perfect and
extremely detailed. Further efforts and research are still needed to promote and make this technology
known to everyone.
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