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Semiconducting materials are very sensitive to impurities in the crystal lattice as these can have a dramatic effect on the number of mobile charge carriers present. The controlled addition of these impurities is known as doping and allows the tuning of the electronic properties, an important requirement for technological applications. The properties of a pure semiconductor are called 'intrinsic', whilst those resulting from the introduction of dopants are called 'extrinsic'. This introduction of dopants results in the creation of new, intra-band, energy levels and the generation of either negative (electrons) or positive (holes) charge carriers.
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performance and quality enhancement, innovation, and smart production. Thereupon, intelligent semiconductor devices are vital solutions to this growth. In a back-end loop, this is the smart manufacturing technology which helps semiconductor industry to produce and perform smarter (see Fig. 1). The operations control of manufacturing facilities of the semiconductor is known as a tough task and is envisaged as one of the most composite manufacturing environments. One solution to deal with these difficulties is to choose the manufacturing and process data to analyze and modeling processes to empower factories in order to intensify an enhanced knowledge of the challenges associated with the production process and to grow visions which can develop prevailing procedures. Hereupon, this is very important to have enough understanding of the prevailing position of research about decision making based data engineering technologies in the semiconductor industry and recognize fields for future research to maintain the further technologies for wafer manufacturing. Therefore, the contributions of this study can be summarized as 1) detect gaps in the existing works, 2) develop significant research ideas, 3) categorize existing research struggles and form a layout that can deliver different ideas related to the operations research and data science (OR&DS) area in smart wafer manufacturing. To the best of our knowledge, there is no such a comprehensive study among the existing literature that has been covered all the aforementioned contributions of this study
II. REVIEW METHOD
 This paper provides a three-stage qualitative literature review method (identification, classification, and evaluation) [5] on the scientific progress of the fourth industrial revolution from the OR&DS perspective for semiconductor manufacturing. Most precisely, three research questions are given as follows: 1) Identification: what are the main challenges from the OR&DS points of view, enabling the industrial revolution in semiconductor manufacturing? 2) Classification: how are the OR&DS addressed the scientific and technological challenges in smart semiconductor manufacturing? 3) Evaluation: what are the managerial suggestions from the integrated information of reviewed papers to prevail the unseen and future challenges in the path forward to the implementation of smart semiconductor manufacturing? The study applied a two-step screening procedure to select relevant studies. In the first place, the study carefully defined the scope of the literature review by selecting the studies which have used terms “semiconductor", “wafer," “integrated circuit," or “chip" in their title or indexed keywords. The study used the Scopus database as a search engine. The timeframe of review is narrowed by the milestone of national manufacturing strategies since 2011. From the search result, only literature reported in English and published in decision science field was included in the review process. In the second step, all cited literature are cross-checked using Google scholar search engine. The study classified indexed keywords for further investigation. The indexed keywords of each article are classified in one group. The unrelated words to the OR&DS filed were removed, and a unique title is selected for all words with similar meaning. Then the decision support matrix is composed based on the classification result to illustrate the link among the keywords. Thereafter, the Mutually Exclusive Collectively Exhaustive (MECE) method [6] was applied for feature extraction (select parent methods, and the most compatible technique with them). The steps of this classification procedure are summarized in Fig. 2. After data screening and key factor extraction, 47 keywords are selected by MECE method and classified into six families. The classification result is summarized in Table 1.
1.TECHNOLOGY USED IN SEMICONDUCTOR MANUFACTURING
Semiconductor device fabrication is the process used to manufacture semiconductor devices, typically integrated circuits (ICs) such as computer processors, microcontrollers, and memory chips (such as NAND flash and DRAM) that are present in everyday electrical and electronic devices. It is a multiple-step photolithographic and physico-chemical process (with steps such as thermal oxidation, thin-film deposition, ion-implantation, etching) during which electronic circuits are gradually created on a wafer, typically made of pure single-crystal semiconducting material. Silicon is almost always used, but various compound semiconductors are used for specialized applications.
The fabrication process is performed in highly specialized semiconductor fabrication plants, also called foundries or "fabs", [1] with the central part being the "clean room". In more advanced semiconductor devices, such as modern 14/10/7 nm nodes, fabrication can take up to 15 weeks, with 11–13 weeks being the industry average.[2] Production in advanced fabrication facilities is completely automated and carried out in a hermetically sealed nitrogen environment to improve yield (the percent of microchips that function correctly in a wafer), with automated material handling systems taking care of the transport of wafers from machine to machine. Wafers are transported inside FOUPs, special sealed plastic boxes. All machinery and FOUPs contain an internal nitrogen atmosphere. The insides of the processing equipment and FOUPs is kept cleaner than the surrounding air in the cleanroom. This internal atmosphere is known as a mini-environment.[3] Fabrication plants need large amounts of liquid nitrogen to maintain the atmosphere inside production machinery and FOUPs, which are constantly purged with nitrogen
2.CONCEPT OF SEMICONDUCTORS TECHNOLOGY A semiconductor substance lies between the conductor and insulator. It controls and manages the flow of electric current in electronic equipment and devices. As a result, it is a popular component of electronic chips made for computing components and a variety of electronic devices, including solid-state storage. Most semiconductors are composed of crystals made of several materials. To better understand how semiconductors work, users must understand atoms and how electrons organize themselves within the atom. Electrons arrange themselves in layers called shells inside an atom. The outermost shell in the atom is known as a valence shell. The electrons in this valence shell are the ones that form bonds with neighboring atoms. Such bonds are called covalent bonds. Most conductors have just one electron in the valence shell. Semiconductors, on the other hand, typically have four electrons in their valence shell.  However, if atoms nearby are made of the same valence, electrons may bind with the valence electrons of other atoms. Whenever that happens, atoms organize themselves into crystal structures. We make most semiconductors with such crystals, mainly with silicon crystals.
3.CRUCIAL STEPS IN SEMICONDUCTOR MANUFACTURING
I. Deposition The process begins with a silicon wafer. Wafers are sliced from a salami-shaped bar of 99.99% pure silicon (known as an 'ingot') and polished to extreme smoothness. Thin films of conducting, isolating or semiconducting materials – depending on the type of the structure being made – are deposited on the wafer to enable the first layer to be printed on it. This important step is commonly known as 'deposition'. As microchip structures 'shrink', the process of patterning the wafer becomes more complex. Advances in deposition, as well as etch and lithography – more on that later – are enablers of shrink and the pursuit of Moore's Law. These advances include the use of new materials and innovations that enable increased precision when depositing these materials.
II. Photoresist coating
The wafer is then covered with a light-sensitive coating called 'photoresist', or 'resist' for short. There are two types of resist: positive and negative. The main difference between positive and negative resist is the chemical structure of the material and the way that the resist reacts with light. With positive resist, the areas exposed to ultraviolet light change their structure and are made more soluble – ready for etching and deposition. The opposite is true for negative resist, where areas hit by light polymerize, meaning they become stronger and more difficult to dissolve. Positive resist is most used in semiconductor manufacturing because its higher resolution capability makes it the better choice for the lithography stage. Several companies around the world produce resist for semiconductor manufacturing, such as Fujifilm Electronics Materials, The Dow Chemical Company and JSR Corporation.
III. Lithograph
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Lithography is a crucial step in the chipmaking process, because it determines just how small the transistors on a chip can be. During this stage, the chip wafer is inserted into a lithography machine (that's us!) where it's exposed to deep ultraviolet (DUV) or extreme ultraviolet (EUV) light. This light has a wavelength anywhere from 365 nm for less complex chip designs to 13.5 nm, which is used to produce some of the finest details of a chip – some of which are thousands of times smaller than a grain of sand. Light is projected onto the wafer through the 'reticle', which holds the blueprint of the pattern to be printed. The system's optics (lenses in a DUV system and mirrors in an EUV system) shrink and focus the pattern onto the resist layer. As explained earlier, when light hits the resist, it causes a chemical change that enables the pattern from the reticle to be replicated onto the resist layer. A wafer is exposed inside an ASML EUV lithography machine Getting the pattern exactly right every time is a tricky task. Particle interference, refraction and other physical or chemical defects can occur during this process. That's why, sometimes, the pattern needs to be optimized by intentionally deforming the blueprint, so you're left with the exact pattern that you need. Our systems do this by combining algorithmic models with data from our systems and test wafers in a process referred to as 'computational lithography'. The resulting blueprint might look different from the pattern it eventually prints, but that's exactly the point. Everything we do is focused on getting the printed patterns just right.
IV. Etch
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The next step is to remove the degraded resist to reveal the intended pattern. During 'etch', the wafer is baked and developed, and some of the resist is washed away to reveal a 3D pattern of open channels. Etch processes must precisely and consistently form increasingly conductive features without impacting the overall integrity and stability of the chip structure. Advanced etch technology is enabling chipmakers to use double, quadruple and spacer-based patterning to create the tiny features of the most modern chip designs. As with resist, there are two types of etch: 'wet' and 'dry'. Dry etching uses gases to define the exposed pattern on the wafer. Wet etching uses chemical baths to wash the wafer. Companies such as Lam Research, Oxford Instruments and SEMES develop semiconductor etching systems. Computer image of tiny structures that make a computer chip Chips are made up of dozens of layers. So, it's important that etching is carefully controlled so as not to damage the underlying layers of a multilayer microchip structure or – if the etching is intended to create a cavity in the structure – to ensure the depth of the cavity is exactly right. When you consider that some microchip designs such as 3D NAND are reaching up to 175 layers, this step is becoming increasingly important – and difficult.
X. Ion implantation
Once patterns are etched in the wafer, the wafer may be bombarded with positive or negative ions to tune the electrical conducting properties of part of the pattern. Raw silicon – the material the wafer is made of – is not a perfect insulator or a perfect conductor. Silicon’s electrical properties are somewhere in between. Directing electrically charged ions into the silicon crystal allows the flow of electricity to be controlled and transistors – the electronic switches that are the basic building blocks of microchips – to be created. This process is known as ‘ion implantation’. After the ions are implanted in the layer, the remaining sections of resist that were protecting areas that should not be modified are removed.
VI. Packaging
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The entire process of creating a silicon wafer with working chips consists of thousands of steps and can take more than three months from design to production. To get the chips out of the wafer, it is sliced and diced with a diamond saw into individual chips. Cut from a 300-mm wafer, the size most often used in semiconductor manufacturing, these so-called 'dies' differ in size for various chips. Some wafers can contain thousands of chips, while others contain just a few dozen. The chip die is then placed onto a 'substrate'. This is a type of baseboard for the microchip die that uses metal foils to direct the input and output signals of a chip to other parts of a system. And to close the lid, a 'heat spreader' is placed on top. This heat spreader is a small, flat metal protective container holding a cooling solution that ensures the microchip stays cool during operation. A motherboard with an embedded chip, showing circuits and connections. Wiliot, Ayar Labs, SPTS Technologies, Applied Materials: these are just some of the names in the microchip packaging business, but there are many more.
VII. AI affect semiconductor Design and production
Artificial intelligence (AI) applications are everywhere, from big data analytics and military equipment to facial recognition software and self-driving cars. And they bring new challenges and opportunities to the semiconductor industry every day. As a reminder, AI describes a machine or software application’s ability to reason, learn, and act in a manner similar to human cognition. In essence, AI makes it possible for machines to think.The beginnings of AI date back to the 1950s, but recent advances in AI technology have seen a renaissance in the field. The development of machine-learning algorithms capable of processing massive amounts of data has opened new possibilities for AI devices. Today’s AI applications can not only process data but also learn from experience and apply that experience to improve how they function. With AI applications gaining traction in the industrial, retail, health care, military, research, and consumer sectors, demand for specialized sensors, integrated circuits, improved memory, and enhanced processors is increasing. And this demand is changing the semiconductor supply chain by directly impacting design and manufacturing decisions.

4.AI affect semiconductor design and production 
AI demands will have lasting impacts on semiconductor design and production. In large part, this is because the amount of data processed and stored by AI applications is massive. Semiconductor architectural improvements are needed to address data use in AI-integrated circuits. Improvements in semiconductor design for AI will be less about improving overall performance and more about speeding the movement of data in and out of memory with increased power and more efficient memory systems.One option is the design of chips for AI neural networks that perform like human brain synapses. Instead of sending constant signals, such chips would “fire” and send data only when needed. Nonvolatile memory may also see more use in AI-related semiconductor designs. Nonvolatile memory can hold saved data without power. Combining nonvolatile memory on chips with processing logic would make “system on a chip” processors possible, which could meet the demands of AI algorithms. While semiconductor design improvements are emerging to meet the data demands of AI applications, they pose potential production challenges. As a result of memory needs, AI chips today are quite large. With this large chip size, it is not economically easy for a chip vendor to make money while working on a specialized hardware. This is because it is very costly to manufacture a specialized AI chip for every application. A general-purpose AI platform would help address this challenge. System and chip vendors would still be able to augment the general-purpose platform with accelerators, sensors, and inputs/outputs. This would allow manufacturers to customize the platform for the different workload requirements of any application while also saving on costs. An additional benefit of a general-purpose AI platform is that it can facilitate faster evolution of an application ecosystem. From a production standpoint, the semiconductor industry will also itself benefit from AI adoption. AI will be present at all process points, proving the data needed to reduce material losses, improve production efficiency, and reduce production times.
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D evelopment of smart  S emiconductor  M anufacturing  O per ations  R esearch   and  Da ta Science Perspectives                             ABSTRACT    A   semiconducto r   is a material which has an   electrical conductivity   value falling  between that of a   conductor , such as copper, and an   insulator , such as glass. Its   resistivity   falls as its  temperature rises; metals behave in the opposite way. Its   conductin g   properties may be altered in  us eful ways by introducing impurities ( " doping ") into the   crystal structur e . When two differently doped  regions exist in the same crystal, a   semiconductor junction   is created. The behavior of   charge  carriers , which include   electrons ,   ions , and   electron holes , at these junctions is the basis  of   diodes ,   transistors , and most modern   electronics . Some examples of semiconductors  are   silicon ,   germanium ,   gallium arsenide , and elements near the so - called  " metalloid staircase " on  the   periodic table . After silicon, gallium arsenide  is the second - most common semiconductor and is  used in laser diodes,   solar cells , microwave - frequency   integrated circuits , and others. Silicon is a  critical element for fabricating most electronic circuits .                   K eywords    cloud computing, Cyber - Physical Space, data science, Industry 4.0, Internet of Things,  operations research, smart manufacturing, semiconductor industry .   IN TRODUCTION    A semiconductor can be considered a material having a conductivity ranging between that of an insulator  and a metal. A crucial property of semiconductors is the   band gap ; a range of forbidden energies within  the electronic structure of the material. Semiconductors typically have bandgaps ranging between 1 and  4 eV, whilst insulators have larger bandgaps, often greater than   5 eV [1].   The thermal energy available  at room temperature, 300 K, is approximately 25 meV and is thus considerably smaller than the energy  required to promote an electron across the bandgap. This means that there are a small number of carriers  present at   room temperature, due to the high energy tail of the Boltzmann - like thermal energy  distribution. It is the ability to control the number of charge carriers that makes semiconductors of great  technological importance.  
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