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Processing of electronic materials(unit-2)
Almost all of today's electronic technology involves the use of semiconductors, with the most important aspect being the integrated circuit (IC), which are found in laptops, scanners, cell-phones, etc. Semiconductors for ICs are mass-produced. To create an ideal semiconducting material, chemical purity is paramount. Any small imperfection can have a drastic effect on how the semiconducting material behaves due to the scale at which the materials are used.
A high degree of crystalline perfection is also required, since faults in crystal structure (such as dislocations, twins, and stacking faults) interfere with the semiconducting properties of the material. Crystalline faults are a major cause of defective semiconductor devices. The larger the crystal, the more difficult it is to achieve the necessary perfection. Current mass production processes use crystal ingots between 100 and 300 mm (4 and 12 in) in diameter which are grown as cylinders and sliced into wafers.
There is a combination of processes that is used to prepare semiconducting materials for ICs. One process is called thermal oxidation, which forms silicon dioxide on the surface of the silicon. This is used as a gate insulator and field oxide. Other processes are called photomasks and photolithography. This process is what creates the patterns on the circuitry in the integrated circuit. Ultraviolet light is used along with a photoresist layer to create a chemical change that generates the patterns for the circuit.
Etching is the next process that is required. The part of the silicon that was not covered by the photoresist layer from the previous step can now be etched. The main process typically used today is called plasma etching. Plasma etching usually involves an etch gas pumped in a low-pressure chamber to create plasma. A common etch gas is chlorofluorocarbon, or more commonly known Freon. A high radio-frequency voltage between the cathode and anode is what creates the plasma in the chamber. The silicon wafer is located on the cathode, which causes it to be hit by the positively charged ions that are released from the plasma. The end result is silicon that is etched anisotropically.
The last process is called diffusion. This is the process that gives the semiconducting material its desired semiconducting properties. It is also known as doping. The process introduces an impure atom to the system, which creates the p-n junction. In order to get the impure atoms embedded in the silicon wafer, the wafer is first put in a 1100 degree Celsius chamber. The atoms are injected in and eventually diffuse with the silicon. After the process is completed and the silicon has reached room temperature, the doping process is done and the semiconducting material is ready to be used in an integrated circuit.





Semiconductor
A semiconductor material has an electrical conductivity value falling between that of a conductor, such as copper, and an insulator, such as glass. Their resistance decreases as their temperature increases, which is behavior opposite to that of a metal. Their conducting properties may be altered in useful ways by the deliberate, controlled introduction of impurities ("doping") into the crystal structure. Where 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 all modern electronics.
Semiconductor devices can display a range of useful properties such as passing current more easily in one direction than the other, showing variable resistance, and sensitivity to light or heat. Because the electrical properties of a semiconductor material can be modified by doping, or by the application of electrical fields or light, devices made from semiconductors can be used for amplification, switching, and energy conversion.
Although some pure elements and many compounds display semiconductor properties, silicon, germanium, and compounds of gallium are the most widely used in electronic devices. Elements near the so-called "metalloid staircase", where the metalloids are located on the periodic table, are usually used as semiconductors.
Semiconductor Basics
Intrinsic materials are those semiconductors that have been carefully refined to reduce the impurities to a very low level—essentially as pure as can be made available through modern technology.
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Although the covalent bond will result in a stronger bond between the valence electrons and their parent atom, it is still possible for the valence electrons to absorb sufficient kinetic energy from natural causes to break the covalent bond and assume the “free” state. The term free reveals that their motion is quite sensitive to applied electric fields such as established by voltage sources or any difference in potential. These natural causes include effects such as light energy in the form of photons and thermal energy from the surrounding medium. At room temperature there are approximately 1.5 x 1010 free carriers in a cubic centimeter of intrinsic silicon material.
The free electrons in the material due only to natural causes are referred to as intrinsic carriers. At the same temperature, intrinsic germanium material will have approximately 2.5 x 1013 free carriers per cubic centimeter. The ratio of the number of carriers in germanium to that of silicon is greater than 103 and would indicate that germanium is a better conductor at room temperature. This may be true, but both are still considered poor conductors in the intrinsic state. 
An increase in temperature of a semiconductor can result in a substantial increase in the number of free electrons in the material.
EXTRINSIC MATERIALS— n- AND p-TYPE : The characteristics of semiconductor materials can be altered significantly by the addition of certain impurity atoms into the relatively pure semiconductor material. These impurities, although only added to perhaps 1 part in 10 million, can alter the band structure sufficiently to totally change the electrical properties of the material.
A semiconductor material that has been subjected to the doping process is called an extrinsic material.
There are two extrinsic materials of immeasurable importance to semiconductor device fabrication: n-type and p-type.
1. n-Type Material Both the n- and p-type materials are formed by adding a predetermined number of impurity atoms into a germanium or silicon base. The n-type is created by introducing those impurity elements that have five valence electrons (pentavalent), such as antimony, arsenic, and phosphorus. 
· Diffused impurities with five valence electrons are called donor atoms.
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2. p-Type Material: The p-type material is formed by doping a pure germanium or silicon crystal with impurity atoms having three valence electrons. The elements most frequently used for this purpose are boron, gallium, and indium.
Note that there are now an insufficient number of electrons to complete the covalent bonds of the newly formed lattice. The resulting vacancy is called a hole and is represented by a small circle or positive sign due to the absence of a negative charge.
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· The diffused impurities with three valence electrons are called acceptor atoms.

Majority and Minority Carriers
In the intrinsic state, the number of free electrons in Ge or Si is due only to those few electrons in the valence band that has acquired sufficient energy from thermal or light sources to break the covalent bond or to the few impurities that could not be removed.
The vacancies left behind in the covalent bonding structure represent our very limited supply of holes. In an n-type material, the number of holes has not changed significantly from this intrinsic level. The net result, therefore, is that the number of electrons far outweighs the number of holes. 
For this reason:
· In an n-type material the electron is called the majority carrier and the hole the minority carrier.
For the p-type material the number of holes far outweighs the number of electrons, therefore:
· In a p-type material the hole is the majority carrier and the electron is the minority carrier.
When the fifth electron of a donor atom leaves the parent atom, the atom remaining acquires a net positive charge: hence the positive sign in the donor-ion representation. For similar reasons, the negative sign appears in the acceptor ion.
[image: ]

P-N Junction
When the N-type semiconductor and P-type semiconductor materials are first joined together a very large density gradient exists between both sides of the PN junction. The result is that some of the free electrons from the donor impurity atoms begin to migrate across this newly formed junction to fill up the holes in the P-type material producing negative ions.
[image: http://www.electronics-tutorials.ws/wp-content/uploads/2013/08/diode4a.gif]
However, because the electrons have moved across the PN junction from the N-type silicon to the P-type silicon, they leave behind positively charged donor ions ( ND ) on the negative side and now the holes from the acceptor impurity migrate across the junction in the opposite direction into the region where there are large numbers of free electrons.
As a result, the charge density of the P-type along the junction is filled with negatively charged acceptor ions ( NA ), and the charge density of the N-type along the junction becomes positive. This charge transfer of electrons and holes across the PN junction is known as diffusion. The width of these P and N layers depends on how heavily each side is doped with acceptor density NA, and donor density ND, respectively.

This process continues back and forth until the number of electrons which have crossed the junction have a large enough electrical charge to repel or prevent any more charge carriers from crossing over the junction. Eventually a state of equilibrium (electrically neutral situation) will occur producing a “potential barrier” zone around the area of the junction as the donor atoms repel the holes and the acceptor atoms repel the electrons.
Since no free charge carriers can rest in a position where there is a potential barrier, the regions on either sides of the junction now become completely depleted of any more free carriers in comparison to the N and P type materials further away from the junction. This area around the PN Junction is now called the Depletion Layer.
[image: ]







The total charge on each side of a PN Junction must be equal and opposite to maintain a neutral charge condition around the junction. If the depletion layer region has a distance D, it therefore must therefore penetrate into the silicon by a distance of Dp for the positive side, and a distance of Dn for the negative side giving a relationship between the two of  Dp.NA = Dn.ND  in order to maintain charge neutrality also called equilibrium.
Some Properties of semiconductors 
1. Variable conductivity
Semiconductors in their natural state are poor conductors because a current requires the flow of electrons, and semiconductors have their valence bands filled, preventing the entry flow of new electrons. There are several developed techniques that allow semiconducting materials to behave like conducting materials, such as doping or gating. These modifications have two outcomes: n-type and p-type. These refer to the excess or shortage of electrons, respectively. An unbalanced number of electrons would cause a current to flow through the material. 
2. Hetero-junctions
Hetero-junctions occur when two differently doped semiconducting materials are joined together. For example, a configuration could consist of p-doped and n-doped germanium. This results in an exchange of electrons and holes between the differently doped semiconducting materials. The n-doped germanium would have an excess of electrons, and the p-doped germanium would have an excess of holes. The transfer occurs until equilibrium is reached by a process called recombination, which causes the migrating electrons from the n-type to come in contact with the migrating holes from the p-type. A product of this process is charged ions, which result in an electric field. 
3. Excited electrons
A difference in electric potential on a semiconducting material would cause it to leave thermal equilibrium and create a non-equilibrium situation. This introduces electrons and holes to the system, which interact via a process called ambi-polar diffusion. Whenever thermal equilibrium is disturbed in a semiconducting material, the amount of holes and electrons changes. Such disruptions can occur as a result of a temperature difference or photons, which can enter the system and create electrons and holes. The process that creates and annihilates electrons and holes are called generation and recombination. 
4. Light emission
In certain semiconductors, excited electrons can relax by emitting light instead of producing heat. These semiconductors are used in the construction of light-emitting diodes and fluorescent quantum dots.
5. Thermal energy conversion
Semiconductors have large thermoelectric power factors making them useful in thermoelectric generators, as well as high thermoelectric figures of merit making them useful in thermoelectric coolers.
Summary of Semiconductor Materials
	Name
	Molecular Formula
	Dopants
	Use & Application

	
	
	Donors
	Acceptors
	

	
	
	(n-type)
	(p-type)
	

	Elemental Semiconductors

	Silicon
	Si
	As P Sb
	Al B Ga In
	computer chips, transistors, solar cells, semiconductor detectors, alloying, silicones

	Germanium
	Ge
	As P Sb Bi Li
	Al B Ga In Tl
	infrared detectors, camera lenses, microscope objective lenses, high-efficiency multi-junction solar cells for space applications, radiation detectors, alloying, chemotherapy

	Diamond
	C
	N P
	B
	electrical insulators, prevention of silicon and other semiconductors from overheating, possible use for microchips or heat sink in electronics; drill bits and engraving tools

	Compound Semiconductors

	Gallium Arsenide
	GaAs
	S Se Si Ge Sn Te
	C Si Ge Zn Sn
	microwave frequency integrated circuits (MMICs), infrared light-emitting diodes, laser diodes, solar cells

	Indium Phosphide
	InP
	S, Si, Sn, Ge
	C Hg Zn Cd Si Cu Be Mg Ge Mn
	high-power and high-frequency electronics; optoelectronics devices like laser diodes

	Gallium Phosphide
	GaP
	Sp Se Te Li Ge Si Sn Li
	Ge C Si Be Cd Mg Zn
	light-emitting diodes (LED)

	Indium Arsenide
	InAs
	Se, S, Te, Ge, Si, Sn, Cu
	Sn Ge Si Cd Zn
	infrared detectors, diode lasers

	Gallium Antimonide
	GaSb
	Te Se S
	Si Ge Zn
	infrared detectors, infrared LEDs, lasers, transistors

	Aluminum Nitride
	AlN
	C, Ge, Se
	C, Hg
	optical storage media, high thermal conductivity electronic substrates, surface acoustic wave sensors (SAW's); potential application for deep ultraviolet optoelectronics

	Boron Nitride
	BN
	Si C S
	Be
	cubic boron nitride: ultraviolet LEDs, abrasive tools; hexagonal boron nitride: high-temperature lubricants

	Indium Antimonide
	InSb
	Se, S, Te
	Cd Zn Cr Cu
	infrared detectors, thermal imaging cameras, FLIR systems, infrared homing missile guidance systems, infrared astronomy

	Indium Nitride
	InN
	 
	 
	potential application in solar cells and high speed electronics

	Gallium Nitride
	GaN
	Si
	Mg Zn
	optoelectronic, high-power and high-frequency devices, solar cell arrays for satellites

	Alloy Semiconductors

	Aluminum Gallium Arsenide
	AlxGa1-xAs
	 
	 
	barrier material in GaAs based heterostructure device - quantum well infrared photodetector (QWIP)




Silicon Wafer
A wafer, also called a slice or substrate, is a thin slice of semiconductor material, such as a crystalline silicon, used in electronics for the fabrication of integrated circuits and in photo-voltaics for conventional, wafer-based solar cells. The wafer serves as the substrate for microelectronic devices built in and over the wafer and undergoes many microfabrication process steps such as doping or ion implantation, etching, deposition of various materials, and photolithographic patterning. Finally the individual microcircuits are separated (dicing) and packaged.
Formation
Wafers are formed of highly pure (99.9999999% purity), nearly defect-free single crystalline material. One process for forming crystalline wafers is known as Czochralski growth invented by the Polish chemist Jan Czochralski. In this process, a cylindrical ingot of high purity mono crystalline semiconductor, such as silicon or germanium, called a boule, is formed by pulling a seed crystal from a 'melt'. Donor impurity atoms, such as boron or phosphorus in the case of silicon, can be added to the molten intrinsic material in precise amounts in order to dope the crystal, thus changing it into n-type or p-type extrinsic semiconductor.
The boule is then sliced with a wafer saw (wire saw ; diamond coated) and polished to form wafers. The size of wafers for photovoltaics is 100–200 mm square and the thickness is 200–300 μm. In the future, 160 μm will be the standard. Electronics use wafer sizes from 100–450 mm diameter. (The largest wafers made have a diameter of 450 mm but are not yet in general use.)
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Standard wafer size
Silicon wafers are available in a variety of diameters from 25.4 mm (1 inch) to 300 mm (11.8 inches). Semiconductor fabrication plants (also known as fabs) are defined by the diameter of wafers that they are tooled to produce. The diameter has gradually increased to improve throughput and reduce cost with the current state-of-the-art fab using 300 mm, with a proposal to adopt 450 mm. Intel, TSMC and Samsung are separately conducting research to the advent of 450 mm "prototype" (research) fabs, though serious hurdles remain.
· 1-inch (25 mm)
· 2-inch (51 mm). Thickness 275 µm.
· 3-inch (76 mm). Thickness 375 µm.
· 4-inch (100 mm). Thickness 525 µm.
· 5-inch (130 mm) or 125 mm (4.9 inch). Thickness 625 µm.
· 150 mm (5.9 inch, usually referred to as "6 inch"). Thickness 675 µm.
· 200 mm (7.9 inch, usually referred to as "8 inch"). Thickness 725 µm.
· 300 mm (11.8 inch, usually referred to as "12 inch"). Thickness 775 µm.
· 450 mm (17.7 inch). Thickness 925 µm (proposed).
Wafers grown using materials other than silicon will have different thicknesses than a silicon wafer of the same diameter. Wafer thickness is determined by the mechanical strength of the material used; the wafer must be thick enough to support its own weight without cracking during handling.

Single crystal Si manufacture 

There are two main techniques for converting polycrystalline EGS into a single crystal ingot, which are used to obtain the final wafers.

1. Czochralski technique (CZ) - this is the dominant technique for manufacturing single crystals. It is especially suited for the large wafers that are currently used in IC fabrication.

2. Float zone technique - this is mainly used for small sized wafers. The float zone technique is used for producing specialty wafers that have low oxygen impurity concentration.

Czochralski Crystal Growth Technique

The starting material for the CZ process is electronic grade silicon, which is melted in the furnace. To minimize contamination, the crucible is made of SiO2 or SiNx. The drawback is that at the high temperature the inner liner of the crucible also starts melting and has to be replaced periodically. 

The furnace is heated above 1500 oC, since Si melting point is 1412 oC. A small seed crystal, with the desired orientation of the final wafer, is dipped in the molten Si and slowly withdrawn by the crystal pulling mechanism. The seed crystal is also rotated while it is being pulled, to ensure uniformity across the surface. The furnace is rotated in the direction opposite to the crystal puller. The molten Si sticks to the seed crystal and starts to solidify with the same orientation as the seed crystal is withdrawn. Thus, a single crystal ingot is obtained. To create doped crystals, the dopant material is added to the Si melt so that it can be incorporated in the growing crystal. The process control, i.e. speed of withdrawal and the speed of rotation of the crystal puller, is crucial to obtain a good quality single crystal. There is a feedback system that controls this process. Similarly there is another ambient gas control system. The final solidified Si obtained is the single crystal ingot. A 450 mm wafer ingot can be as heavy as 800 kg.
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Schematic of Czochralski Crystal Growth Technique


Float zone technique
 
	The float zone technique is suited for small wafer production, with low oxygen impurity. A polycrystalline EGS rod is fused with the single crystal seed of desired orientation. This is taken in an inert gas furnace and then melted along the length of the rod by a traveling radio frequency (RF) coil. The RF coil starts from the fused region, containing the seed, and travels up. When the molten region solidifies, it has the same orientation as the seed. The furnace is filled with an inert gas like argon to reduce gaseous impurities. Also, since no crucible is needed it can be used to produce oxygen 'free' Si wafers. The difficulty is to extend this technique for large wafers, since the process produces large number of dislocations. It is used for small specialty applications requiring low oxygen content wafers.
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Wafer manufacturing
After the single crystal is obtained, this needs to be further processed to produce the wafers. For this, the wafers need to be shaped and cut. Usually, industrial grade diamond tipped saws are used for this process. 
[image: ]


The shaping operations consist of two steps
1. The seed and tang ends of the ingot are removed.
2. The surface of the ingot is ground to get a uniform diameter across the length of the ingot.

Before further processing, the ingots are checked for resistivity and orientation. Resistivity is checked by a four point probe technique and can be used to confirm the dopant concentration. This is usually done along the length of the ingot to ensure uniformity. Orientation is measured by x-ray diffraction at the ends (after grinding).

After cutting, the wafers are chemically etched to remove any damaged and contaminated regions. This is usually done in an acid bath with a mixture of hydrofluoric acid, nitric acid, and acetic acid. After etching, the surfaces are polished, first a rough abrasive polish, followed by a chemical mechanical polishing (CMP) procedure. In CMP, a slurry of fine SiO2 particles suspended in aqueous NaOH solution is used. The pad is usually a polyester material.

Polishing happens both due to mechanical abrasion and also reaction of the silicon with the NaOH solution. Wafers are typically single side or double side polished. Large wafers are usually double side polished so that the backside of the wafers can be used for patterning. But wafer handling for double side polished wafers should be carefully controlled to avoid scratches on the backside. Typical 300 mm wafers used for IC manufacture are handled by robot arms and these are made of ceramics to minimize scratches. Smaller wafers (3" and 4" wafers) used in labs are usually single side polished. After polishing, the wafers are subjected to a final inspection before they are packed and shipped to the fab.

MOORE’S LAW
Moore's law refers to an observation made by Intel co-founder Gordon Moore in 1965. He noticed that the number of transistors per square inch on integrated circuits had doubled every year since their invention.
Moore's law predicts that this trend will continue into the foreseeable future. Although the pace has slowed, “the number of transistors per square inch has since doubled approximately every 18 months”. This is used as the current definition of Moore's law.

Each year computer chips become more powerful yet cheaper than the year before. Gordon Moore, once said, “ If the auto industry advanced as rapidly as the semiconductor industry, a Rolls Royce would get a half a million miles per gallon, and it would be cheaper to throw it away than to park it.”
IC complexity has advanced from SSI to MSI, to LSI, and finally to VLSI, which has millions of components per chip. Although the rate of growth has slowed in recent years because of difficulties in defining, designing and processing complicated chips.
Integration Techniques
	Level
	Abbreviation
	No. of components per chip

	Small scale integration
	SSI
	2-50

	Medium scale integration
	MSI
	50-5,000

	Large scale integration
	LSI
	5,000-1,00,000

	Very large scale integration
	VLSI
	1,00,000-10,00,000

	Ultra large scale integration
	ULSI
	>10,00,000



IC MANUFACTURING TECHNIQUE
The first step in integrated circuit (IC) fabrication is preparing the high purity single crystal Si wafer. This is the starting input to the fabrication. Typically, Si wafer refers to a single crystal of Si with a specific orientation, dopant type, and resistivity (determined by dopant concentration). Typically, Si (100) or Si (111) wafers are used. The numbers (100) and (111) refers to the orientation of the plane parallel to the surface.
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There are a number of different steps in IC fabrication. Typically, a wafer can moves from one processing step to another, similar to an assembly line manufacturing. There are also inspection steps in the process flow to check for quality. There are different schemes for classifying the processing steps in IC fabrication. In one such scheme, the basic fabrication operations (processing steps) are divided into four main categories.
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Layering

The layering step is used to add thin layers to the wafer surface. These layers can be of a different material or a different microstructure or composition of the same material (polycrystalline Si or silicon oxide).

 The SiO2 layer is formed on the surface by consuming the underlying Si layer. For further oxidation, the oxidizing species (O2 or H2O) has to diffuse through the oxide to reach the Si surface. Similarly, nitrides can also be grown by consumption of Si. In the case of deposited films, the underlying Si is not consumed but a new layer is added on top.

In the fabrication of integrated circuits, this oxide layer performs three fundamental functions-
1. It serves as a diffusion barrier and allows selective diffusions into silicon through the windows etched into the oxide.
2. It protects the junctions from exposure to moisture and other contaminants in the atmosphere.
3. It serves as an insulator on the device surface on which the metal interconnections can be formed.

Lithography/Patterning

Patterning or lithography is one of the most important steps in wafer fabrication. Patterning refers to a series of steps to selectively mask or expose portions of the surface for deposition/doping/etching. It sets the critical dimensions of the device. The drive to pack more devices in a chip (smaller devices) is directly related to the ability to pattern smaller regions in the wafer. The challenges in reduction of device size in recent ICs is related to patterning.

To make a pattern, reticle has to be first prepared. Reticle refers to the hard copy of the design that is then transferred on to the chip. This hard copy is generated by `writing' the pattern, using a laser beam or electron beam, and is usually done on chrome coated glass. The design is then copied on to the chip using a suitable photoresist and UV exposure. The pattern transfer can be 1 : 1 or the size can be reduced by a suitable lens system. Either the pattern or its negative can be transferred by suitable choice of photoresist.

Use of photoresists for patterning is an example of a soft mask since the mask can be easily removed without damaging the underlying substrate. Sometimes oxide or nitride layers are also used as masks for pattern transfer. These are called hard masks, since these masks can withstand high temperature while resists cannot and they also need aggressive chemical procedures for removal. Thus, it is difficult to combine lithography with deposition processes like CVD (where hard mask would be needed) but it can be used with processes like thermal evaporation, sputtering, and e-beam deposition.
[image: ]
Overview of the patterning process, showing both positive and negative photoresists. Positive resists directly transfer the pattern from reticle to wafer, while negative resists transfer the inverse of the pattern.







Doping
Doping refers to the process where specific amounts of electrically active 'impurities' are incorporated through openings on the wafer surface. The dopant materials are typically p or n type impurities and they are needed to form devices like diodes, transistors, conductors, and other electronic devices that combine to form the IC. Typical p type impurities, for Si, include B while n type impurities can be As, P, or Sb.

[image: ]

There are two main techniques for doping

1. Thermal diffusion
2. Ion implantation

Both processes produce different dopant concentration profiles at and below the surface.

As the name implies, in thermal diffusion, doping is carried out by movement of the dopant material from the surface to the bulk, by a thermally activated process. The diffusion can be initiated from dopants in a vapor, liquid, or a solid source.

The wafer has to be heated to high temperature, around 1000oC, to speed up the diffusion process. Thus, thermal diffusion cannot be used with soft lithography masks and a hard mask like oxide or nitride is used. 

For n type doping in Si, some typical dopant materials are Sb2O3 (s), As2O3 (s), AsH3 (g), POCl3 (l), P2O5 (s), and PH3 (g). 
For p type doping, typical materials are BBr3 (l), B2O3 (s) and BCl3 (g).

Thermal diffusion is an isotropic process (though diffusion rates might be different in different directions). This leads to lateral spread of the dopants at higher temperatures and long times, and makes doping in small confined regions difficult. Also, the high temperature means that thermal diffusion.
[image: ]
a) Thermal Diffusion  b) Ion Implantation

· Ion implantation

For doping in specific regions, ion implantation is used. Here, the dopant atoms are ionized and then made to impinge on the wafer surface where they penetrate and get `implanted' into the wafer. The advantage of this process is that doping can be done at room temperature so that soft masks can be used.
This also enables doping in small regions since lateral diffusion is minimized. Ion implantation causes beam damage so there is a rapid annealing treatment post implantation to repair the wafer and `activate' the dopants.

· Heat treatment

Heat treatment operations are usually part of the other three operations i.e. layering, doping, and patterning. Some of the heat treatment operations in these steps are summarized in table below.

	Operation
	Heat treatment

	Patterning
	Soft bake
Hard bake
Post exposure bake develop

	Doping
	Post ion implant anneal

	Layering
	Post metal deposition and patterning anneal




Integration techniques

1. Small Scale integration (SSI) – In this type the density of single silicon chip is 10-100 component/chip. Examples of this type of integration is flip-flops, digital gates etc.
2. Medium Scale Integration (MSI) – MSI devices have a component density 100-1000 components/chip. The commercially available units include shift registers, counters, decoders, adders etc.
3. Large Scale Integration (LSI) – LSI represent the process of fabricating chips with a large number of components which are interconnected to form complete subsystems or systems. The density of LSI chip is 1000-10,000 components/chip. The common LSI products are read-write memories, ROMs etc.
4. Very Large Scale Integration (VLSI) – VLSI chips are very complex and its density is more than 100,000 components/chip. This level of complexity is possible due to MOS technique and computer aided design. VLSI designs are mostly used to fabricate complex chips like microprocessors, high capacity memories etc.
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Specs Value
Diameter 300 £ 0.02 mm
Thickness 775 £+ 25 pm

Orientation 100 £ 2°
Resistivity >1Q—-—m
Oxygen concentration 20-30 ppm

Carbon concentration

< 0.2 ppm
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Specs of a typical 300 mm wafer used in fabrication.
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