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April 11, 2020, anysiliconSemiconductors are extremely critical and central components in modern technology. Most of the electronic devices we use today work on these integrated circuits that are housed on silicon wafer chips. However, it takes a lot of processing and work to get the semiconductor in this state of the
raw material. The basic substrate of these microchips is the silicon wafer chip on which all the microfabrication takes place. In this article, we will take a detailed look at what constitutes the process of producing silicon wafers. What are silicon wafers? To begin with, we must recognize that semiconductor platelets are
made of silicon, an element that accounts for nearly 30% of the Earth's crust. It is the raw material that forms the basic structure of the entire semiconductor chip and is responsible for its optimal operation. Rather than being a very good conductor of electricity, silicon has the property of controlling resistance based on
doping. This silicon material must be turned into a wafer before a semiconductor can be built on it. This means that the entire manufacturing process to create the rest of the integrated circuit that will ultimately be a component of a larger electronic device rests on this small piece of a pure, silicon wafer crystal. The Silicon
Platelet Production ProcessSss follow the stages of the production of a silicon wafer that then undergoes even more process to be transformed into a semiconductor: Growth of ingotsThe first step in silicon platelet production is to grow a silicon nugget, also called silicon lingot. Growing a single silicon ingot can take less
than a week to a month. The time taken for the growth of the ingot is determined by the size, quality and specification of the wafer. One of the most common methods used to grow crystal is the Czochralski method or the CZ method. Another method is the Float Zone technique, but it is rarely used in current practice. In
the first method, the polysilicon pieces are put in a hollow made of quartz. Small amounts of doping are added which are essentially elements of group 3 and 4 of the periodic table, such as boron, phosphorus, arsenic or antimoie. These dopings are responsible for determining the properties of the resulting platelet
material - it may be type P (Boron) or N (Phosphorus, Arsenic, Antimony). The material is then heated above a temperature of 1412 degrees (usually above 1500 degrees) until everything has liquefied. Then, a silicon crystal with the same orientation as the expected final result of the process placed inside as a seed to
facilitate the growth of the crystal with minimal defects. Once we reach the required diameter of the crystal, the process is stopped by stabilizing the conditions. The resulting material is called electronic quality silicon at EGS. This silicon ingot can then be used to cut and mold into the shape needed to silicon wafers for
semiconductor. Slice The final diameter of the cultivated ingot is usually kept a little larger than what is actually required. Therefore, we must cut the platelet after it has been properly inspected. A diamond-edged saw is used for this purpose to make the wafer thinner and smaller without causing major damage. Clapotis
The next step, once the wafers have been sliced, is lapping. Lapping refers to the time when marks and defects left behind by sawing and other surface abrasions are removed. This step also serves to lighten the platelet a little more as well as relieve the stress that the platelet has experienced during the slicing process.
Cleaning Once we are done with the lapping, the wafers must be chemically engraved and cleaned. It also helps to mitigate cracks or surface defects that may still be there, even at a microscopic level. This is usually done using a bath composed of sodium hydroxide, acetic acid or nitric acid. Polishing Finally, the platelet
must be polished to reach its final stage. This is done in a clean room where the amount of particles per cubic foot is controlled to be somewhere between class 1 to class 10,000. Workers must wear clean suits, work under a fan that blows excess particles, and maintain a level of cleanliness on their workstations. High-
quality silicon wafers usually go through two to three stages of polishing. The wafers can be polished on one side or double side polished, with most only polished on the front. The polishing process itself has two steps - the first being the inventory removal process that removes a thin layer of silicon to ensure that the
surface has no defects. The second part is the chemical mechanical varnish that does not remove layers of silicon, but rather gives it a shiny, mirror finish. Packaging Once the silicon wafers are all beautiful and polished, they undergo a series of baths for proper cleaning and are inspected several times under high-
intensity lights to ensure that there are no excess materials or defects on the surface of the platelet. Once cleaned and inspected, the proper and fit wafers are packaged and sealed to be shipped to the respective locations in vacuum-sealed plastic bags to keep moisture outside and avoid damage during storage and
travel before they are finally used as semiconductor substrates. Top: 12-inch, 6-inch polished silicon wafers. Their crystalline orientation is marked by notches flat cuts (left). VLSI microcircuits made on a 12-inch (300 mm) silicon wafer, before diced and packaged (right). Bottom: solar wafers on the conveyor (left) and
solar platelet completed (right) In electronics, a platelet (also called a slice or substrate)[1] is a thin slice of semiconductor, such as crystalline silicon (c-Si), used for the manufacture of integrated circuits and, in photovoltaics, to make solar cells. The wafer serves as a substrate for integrated devices and on the wafer. It
undergoes many microfabrication processes, such as doping, ion implantation, engraving, thin-film deposition of various materials, and photolithographic pattern. Finally, individual microcircuits are separated by platelet dice and packaged like an integrated circuit. History This section needs to be expanded. You can help
by adding to it. (January 2015) In the 1950s, Mohamed Atalla studied the surface properties of silicon semiconductors at Bell Labs, where it adopted a new method of manufacturing semiconductor devices, by suldging a silicon wafer with an insulating layer of silicon oxide, so that electricity could reliably penetrate the
conductive silicon below, overcoming surface conditions that prevented electricity from reaching the semiconductor layer. This is called surface passivation, a method that later became critical to the semiconductor industry because it made mass production of silicon integrated circuits (IC) possible. [2] [3] The surface
passivation method was introduced by Atalla in 1957,[5] and was later the basis for the metal-oxide-semiconductor process (MOS) invented by Atalla and Dawon Kahng in 1959. In 1960, silicon wafers were manufactured in the United States by companies such as MEMC/SunEdison. In 1965, American engineers Eric O.
Ernst, Donald J. Hurd and Gerard Seeley, while working under IBM, filed the US3423629A patent[6] for the first large-capacity epitaxic device. Training See also: Ball (crystal) The Czochralski process. The wafers are made of simple crystalline materials almost free of defects[7], with a purity of 99,9999999% (9N) or
higher. [8] A process to form crystalline platelets is known as Czochralski growth invented by Polish chemist Jan Czochralski. In this process, a high purity monocrystalline semiconductor cylindrical ingot, such as silicon or germanium, called a ball, is formed by pulling a seed crystal from a melt. [9] [10] Donor impurity
atoms, such as boron or phosphorus in the case of silicon, can be added to the molten intrinsic material in precise quantities to boost the crystal, thus transforming it into an extrinsic semiconductor type n or p. The ball is then sliced with a wafer saw (a type of metal saw) and polished to form wafers. [11] The size of the
platelets for photovoltaics is 100 to 200 mm square and the thickness is 100 to 500 m. [12] Electronics use wafer sizes 100 to 450 mm in diameter. The largest wafers manufactured have a diameter of 450 mm[13] but are not yet used in general. Cleaning, texturing and engraving are cleaned with weak acids to remove
unwanted particles, or repair damage caused during the sawing process. There are several standard cleaning procedures to ensure that the surface of a silicon wafer does not contain any contamination. One of the most effective methods is clean rca. When used for solar cells, platelets are textured to create a rough
surface to increase their efficiency. The generated PSG (phosphosilicate glass) is from the edge of the platelet in the engraving. Wafer Properties Standard wafer sizes Semicon silicon wafers are available in a variety of diameters from 25.4 mm (1 inch) to 300 mm (11.8 inches). [15] [16] Semiconductor manufacturing
plants, colloquially known as fabs, are defined by the diameter of the wafers they are equipped to produce. The diameter has gradually increased to improve the flow and reduce costs with the current state of the fab art using 300 mm, with a proposal to adopt 450 mm. [17] [18] Intel, TSMC and Samsung are separately
conducting research to the advent of 450 mm prototype (research) fabs, although serious obstacles remain. 2-inch (51 mm), 4-inch (100 mm), 6-inch (150 mm) and 8-inch (200 mm) Wafer size typical Year Prodn [15] Weight per platelet 200 mm2 (10 mm) 1-inch (25 mm) 1960 2-inch (51 mm) 27 mm5 m 1969 3 inches (76
mm) 375 m 1972 4 inches (100 mm) 525 m 1976 10 grams [19] 56 4.9 inches (125 mm) 625 m 1981 150 mm (5.9 inches , usually referred to as 6 inches) 675 m 1983 200 mm (7.9 inches, usually called 8 inches) 725 m. 1992 53 grams [19] 269,300 mm (11.8 inches, usually referred to as 2 inches) 775 m 2002 125
grams[19] 640 450 mm (17.7 inches) (proposed). [20] 925 m future 342 grams [19] 1490 675 millimeters (26.6 inches) (Theoretic). [21] Unknown. future wafers grown using materials other than silicon will have different thicknesses than a silicon wafer of the same diameter. The thickness of the wafer is determined by the
mechanical strength of the material used; the pad should be thick enough to support its own weight without cracking during handling. The tabular thicknesses relate to the time when this process was introduced, and are not necessarily correct at present, for example the IBM BiCMOS7WL process is on 8 in the platelets,
but these are only 200m thick. The weight of the platelet increases with its thickness and diameter. Historical increases in platelet size A unit platelet manufacturing step, such as a etch stage, can produce more chips proportional to the increase in the platelet surface, while the cost of the unit's manufacturing stage
increases more slowly than the platelet surface. This was the cost base for increasing the size of the wafers. The conversion into 300 mm wafers from 200 mm began seriously in 2000, and reduced the price per matrix by about 30-40%. [22] Larger wafers allow for more matrix per wafer. Photovoltaic This section needs
expansion. You can help by adding to it. (July 2020) The size of M1 wafers (156.75 mm) is being phased out in China from 2020. A certain number of non-standard sizes have arisen, so efforts to produce the M10 standard (182 mm) is an ongoing effort. As a semiconductor cousin, cost reduction is the main driver despite
the completely different purity requirements. Proposed 450 mm Transition There is considerable resistance to the 450 mm transition despite the possible improvement in productivity, due to concerns about the lack of return on investment. [22] There are also issues related to the increase in the inter-matrix / / variation in
platelets and additional edge defects. 450mm wafers are expected to cost 4 times more than 300mm wafers, and equipment costs are expected to increase by 20-50%. [23] Higher-cost semiconductor manufacturing equipment for larger wafers increases the cost of fabs by 450 mm (semiconductor manufacturing
facilities or factories). Lithograph Chris Mack said in 2012 that the overall price per matrix for 450 mm wafers would be reduced by only 10-20% compared to 300 mm of platelets, because more than 50% of the total platelet treatment costs are related to lithography. Conversion to larger 450 mm wafers would reduce the
price per matrix only for processing operations, such as etch, where the cost is related to the number of wafers, not the surface of the wafers. The cost of processes such as lithography is proportional to the surface of the platelet, and larger platelets would not reduce the contribution of lithography to the cost of death.
Nikon plans to deliver 450 mm lithograph equipment in 2015, with volume production in 2017. [25] In November 2013, ASML halted the development of 450 mm lithograph equipment, citing an uncertain timing of demand from chip manufacturers. [27] The 450 mm timeline has not been fixed. In 2012, production of 450
mm was expected to begin in 2017, which has never been achieved. [28] Mark Durcan, then CEO of Micron Technology, said in February 2014 that he expected the adoption of 450 mm to be delayed indefinitely or abandoned. E am not convinced that 450mm will ever happen, but, to the extent that it does, it is a long
way in the future. There is not much need for Micron, at least over the next five years, to spend a lot of money on 450mm. There is a lot of investment that needs to be made in the equipment community to achieve that. And the value at the end of the day - so that customers buy this equipment - I think it's questionable.
[30] In March 2014, Intel Corporation expected a 450 mm rollout by 2020 (by the end of that decade). Mark LaPedus of semiengineering.com reported in mid-2014 that chipmakers had delayed adoption of 450 mm for the foreseeable future. According to the report, some observers expected 2018 to 2020, while G. Dan
Hutcheson, managing director of VLSI Research, did not see the 450mm fabs go into production until 2020 to 2025. [32] The step up to 300 mm required major changes, with fully automated plants using 300 mm wafers compared to barely automated plants for 200 mm wafers, in part because one FOUP per 300 mm of
platelets weighs about 7.5 when loaded with 25,300 mm of platelets where a SMIF weighs about 4.8 kilograms[34][35][19] when loaded with 25,200 mm of platelets, thus requiring twice the physical strength of factory workers, and increasing fatigue. 300mm FOUPs have handles so they can still be moved by hand.
450mm FOUPs weigh 45 kilograms[36] when loaded with 25 450mm pads, so cranes are required to manually handle FOUPs[37] and handles are no longer present in the FOUP. FOUPs are moved using Muradec material handling systems or These major investments were undertaken in the economic downturn
following the Internet bubble, which resulted in enormous resistance to the 450 mm upgrade by the initial period. On the ramp up to 450 mm are that the crystal bars will be 3 times heavier (total weight of a metric ton) and take 2 to 4 times more time to cool, and the process time will be double. [38] All said, the
development of 450 mm wafers requires significant engineering, time and cost to overcome. Analytical estimation of the number of dies In order to minimize the cost per matrix, manufacturers want to maximize the number of dies that can be made from a single platelet; the dies always have a square or rectangular shape
due to the strain of the wafer dice. In general, this is a complex computer problem without an analytical solution, depending on both the area of the matrixes as well as their appearance ratio (square or rectangular) and other considerations such as the width of the scribe line or saw track, and the additional space
occupied by the alignment and test structures. Note that DPW's raw formulas only represent the surface of the lost platelet because it cannot be used to perform physically complete dies; DPW's gross calculations do not take into account the loss of performance due to defects or parametric problems. Wafermap showing
fully modeled dies, and partially modeled dies that are not found entirely in the wafer. Nevertheless, the number of raw dies per platelet (DPW) can be estimated from the first order ratio of the approximation area or the area of the matrix platelet, D P W - ⌊ π d 2 4 S ⌋ 'displaystyle DPW'left-left-lfloor 'frac's 'pi' {2}
'4S'right'rfloor', where d 'displaystyle d' is the diameter of the platelet (usually in mm) and S 'display S' the size of each matrix (mm2) including the size of each matrix (mm2) including the size of each matrix (mm2) width of the scribeline (or in the case of a saw track, the kerf plus a tolerance). This formula simply states
that the number of dies that can fit on the platelet cannot exceed the area of the platelet divided by the area of each individual matrix. It will always overestimate the true best raw DPW case, as it includes the area of partially modeled dies that are not found entirely on the surface of the platelet (see figure). These partially
modeled dies do not represent complete ICs, so they cannot be sold as functional parts. The refinements of this simple formula usually add an edge correction, to account for the partial dies on the edge, which will generally be more important when the matrix area is large relative to the total area of the platelet. In limiting
cases (infinitely small dies or infinitely large wafers), the edge correction is negligible. The correction factor or the term correction usually takes on one of the forms cited by De Vries:[39] D P W - π of 2 4 S - π d 2 S 'displaystyle DPW'-displaystyle '3s'{2} '4S'--frac 'display's '2S' zone - circumference/(die diagonal length))
or D P W - (π d 2 4 S ) exp  exp ({2} 2 S/d) by an exponential factor) or D P W - π d 2 4 S (1 - 2 S d) 2 'displaystyle DPW' 'frac'displaystyle 'pi d'{2} (1-frac -displaystyle 2-sqrt -S-right) {2} (area ratio scaled by a polynomial factor). Studies comparing these analytical formulas to brute-force computational results show that
the formulas can be made more accurate, over practical ranges of die sizes and aspect ratios, by adjusting the coefficients of the corrections to values above or below unity, and by replacing the linear die dimension S {\displaystyle {\sqrt {S}}} with ( H + W ) / 2 {\displaystyle (H+W)/2} (average side length) in the case of
dies with large aspect ratio:[39] D P W = π d 2 4 S − 0.58 ∗ π d S {\displaystyle DPW={\frac {\displaystyle \pi d^{2}}{4S}}-0.58^{*}{\frac {\displaystyle \pi d}{\sqrt {S}}}} or D P W = ( π d 2 4 S ) exp  ( − 2.32 ∗ S / d ) {\displaystyle DPW=\left({\frac {\displaystyle \pi d^{2}}{4S}}\right)\exp(-2.32^{*}{\sqrt {S}}/d)} or D P W = π d 2
4 S ( 1 − 1.16 ∗ S d ) 2 {\displaystyle DPW={\frac {\displaystyle \pi d^{2}}{4S}}\left(1-{\frac {\displaystyle 1.16^{*}{\ sqrt 'S'd'right){2} . Crystalline Orientation Diamond cubic crystal structure of a Flats silicon unit cell can be used to designate doping and crystalline orientation. Red represents the material that has been
removed. The wafers are grown from crystals with a regular crystal structure, with silicon having a cubic diamond structure with a lattice spacing of 5.430710 ( 0.5430710 nm). [40] When cut into platelets, the surface is aligned in one of the many relative directions known as crystalline orientations. The orientation is
defined by the Miller Index with (100) or (111) faces being the most common for silicon. [40] Orientation is important since many of the structural and electronic properties of a single crystal are strongly anisotropic. The depths of ion implantation depend on the crystalline orientation of the wafer, since each direction offers
distinct routes for transport. [41] The wafer cleavage typically occurs only in a few well-defined directions. Marking the pad along the cleavage planes allows it to be easily diced into individual chips (is) so that the billions of individual circuit elements on an average platelet can be separated into many individual circuits.
Crystallographic orientation notches Platelets less than 200 mm in diameter have plates cut into one or more sides indicating the crystallographic planes of the platelet (usually a {110} face). In the previous generation wafers, a pair of apartments at different angles also transmitted the type of doping (see illustration for
conventions). Platelets 200 mm in diameter and above a single small notch to transmit the orientation of the platelets, without any visual indication of the type of doping. [42] Impurity doping Silicon wafers are generally not 100% pure silicon, but are instead formed with an initial concentration of impurity doping between
1013 and 1016 atoms per cm3 of boron, phosphorus, arsenic, or antimony that is added to the cast and platelet is defined as either bulk bulk or p-type. However, compared to the atomic density of single-crystalline silicon of 5×1022 atoms per cm3, this still gives a purity greater than 99.9999%. Platelets can also be
initially supplied with some concentration of interstitial oxygen. Carbon and metal contamination is minimized. [44] Transition metals, in particular, must be kept below parts per billion concentrations for electronic applications. [45] Compound semiconductors While silicon is the common material for platelets used in the
electronics industry, other III-V or II-VI compound materials have also been used. Gallium arsenide (GaAs), a III-V semiconductor produced by the Czochralski process, Gallium nitrure (GaN) and silicon carbide (SiC), are also common wafer materials, with GaN and Sapphire being widely used in the manufacture of
LEDs. [10] See also Die preparation Epitaxial wafer Epitaxy Klaiber's law Monocrystalline silicon Polycrystalline silicon Rapid thermal processing RCA clean SEMI police Silicon on insulator (SOI) wafers Solar cell Solar Wafer panel bonding References - Laplante, Phillip A. (2005). Wafer. Complete dictionary of electrical
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