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Abstract— This paper gives an overview of fabrication of 

CMOS circuits. There are number of intermediate stages are 

involved in fabrication process. Electronic Industry is 

expanding day by day and it is now very important to invent 

more technologies which will help in expanding it more. 

CMOS Technology is playing a vital role in making more 

efficient circuits and hence it is important to study the 

fabrication process as it will provide the idea behind various 

drawbacks exists in CMOS circuits so that those can be 

eliminated at the very initial step. 
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I. INTRODUCTION 

CMOS Fabrication starts with structure and growth of 

crystal and then various intermediate processes are involved 

which are discussed in this paper. In section 1, the growth of 

crystals and structure is discussed. The next step is cleaning 

wafer and then film deposition techniques. After that 

diffusion and implantation is discussed. Lithography process 

plays an important role in fabrication that has been treated 

as well.  

II. FABRICATION STEPS 

A. Crystal  

The orientation and arrangements of the atoms with in solid 

space is confirm. There are basically three categorization 

that exists according to the arrangements of atoms in the 

solid 

1) Materials in which all the atoms are placed randomly 

those materials are known as Amorphous. 

2) Materials in which atoms are placed in highly ordered 

way are known as crystalline 

3) Poly-crystalline materials are materials with a high 

degree of short-range order and no long-range order 

 
Fig. 1: Representation of various types of materials 

A crystal structure is composed of a unit cell, a set 

of atoms arranged in a particular way and is periodically 

repeated in three dimensions on a lattice. The unit cell can 

be identified by its lattice parameters, the length of the cell 

edges and the angles between them. Semiconductor devices 

and circuits are formed in thin slices of a material (called a 

wafer) that serves as the substrate. For proper operation of 

the device/circuit, the substrate material must have 

crystalline structure where all the atoms are aligned in a 

specific pattern. 

 
Fig. 2: Identification of various wafers 

B. Crystal Growth 

Crystal growth is further categorized into two parts 

1) Conversion to raw material (quartzite) into 

polycrystalline silicon. 

2) Growing of single-crystal silicon from this EGS either 

by Czochralski or Float Zone process.  

 
Fig. 3: Czochralski Process 

In figure 3 , A seed crystal is dipped into the liquid 

and is subsequently slowly withdrawn from the melt. The 

pulling rate (usually a few mm/min) and the temperature 

profile determines the crystal diameter that can be achieved. 

The solubility of impurity atoms in the melt is larger than in 

the solid. As a result, the crystal will be purer than the liquid 

and crystal growing is simultaneously a purification method. 

Oxygen is the most important impurity found in silicon and 

is from the quartz crucible in which the molten silicon is 

contained. The oxygen is typically at a level of about 

5x1017/cm3 1018/cm3 in CZ silicon. Oxygen has three 

principal effects in the silicon crystal. In an as-grown 

crystal, the oxygen generally occupies interstitial positions 

in the silicon lattice and improves the yield strength by 25%. 

A small amount of the oxygen in the crystal forms 

SiO4 complexes and act as donors. Even 1016 /cm3 donors 

can be formed, which is significant to increase the resistivity 

of lightly doped P-type wafers. During the CZ growth 

process, the crystal cools slowly through ~500°C 

temperature and oxygen donors form. Typically annealing 
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of the grown crystal is carried at temperatures above 500°C 

and to remove these oxygen complexes. The oxygen can 

precipitate under normal device processing conditions, 

forming SiO2regions inside the wafer. The precipitation 

arises because the oxygen was incorporated at the melt 

temperature.  

 
Fig. 4: Float Zone Process 

C. Silicon Epitaxial Growth Process 

Silicon epitaxial deposition (epitaxy) refers to the process of 

growing a thin layer of single-crystal silicon over a single-

crystal silicon substrate. Epitaxy is different from the 

Czochralski process in that the crystal can be grown below 

the melting point. In semiconductors, the deposited film is 

often the same material as the substrate, and the process is 

known as homo-epitaxy. An example of this is silicon 

deposition over a silicon substrate. If the layer and substrate 

are of different materials such as AlxGa1-x As on GaAs, the 

process is termed as hetero-epitaxy. Epitaxy can be achieved 

by molecular beam epitaxy (MBE) method where the 

physical transport of material is carried out to a heated 

substrate. In Vapor Phase Epitaxy, materials such as Si, Ga, 

As, dopants etc. are transported in the form of volatile 

compounds to the substrate, where they react to form the 

epitaxial layer. 

D. Cleaning and Etching of wafers  

Surface of semiconductor wafer gets contaminated during 

device processing. The source of contaminants are ambient 

air, storage ambient, process gases, chemicals, materials, 

water etc which are used in the fabrication processes. 

Processing tools as well as personnel operating in the clean- 

rooms are also sources of contamination. The most prevalent 

contaminants are particles and they may cause a catastrophic 

failure during device manufacturing process. The measure 

of the air quality of a clean room is described in Federal 

Standard 209. Clean rooms are rated as Class 10K, where 

there exist no more than 10,000 particles larger than 0.5 

microns in any given cubic foot of air; Class 1K, where 

there exists no more than 1000 particles; and Class 100, 

where there exist no more than 100 particles. These small 

particles are controlled in a clean-room by using High 

Efficiency Particulate Air (HEPA) filters. 

Another type of contaminants which degrade the 

devices are metallic contaminants originating primarily from 

liquid chemicals, water and process tools. The most 

common metallic contaminants are iron (Fe), aluminum 

(Al), copper (Cu), nickel (Ni) as well as ionic metals such as 

sodium (Na) and calcium (Ca). Organic contaminants are 

present in ambient air, storage containers and can arise from 

photoresists. Organic compounds readily adsorbed on 

surfaces adversely affect device properties. Native oxides as 

well as moisture from the ambient air or wet processes 

adversely affect the devices and can be considered as a 

contaminant and its removal is a part of cleaning process. 

E. Etching 

Etch is a process that removes unwanted materials from the 

surface of a substrate by various dry and wet techniques. 

These techniques are used to remove silicon dioxide, silicon 

nitride, polysilicon, aluminum, tungsten, contamination 

particles, and other layer materials. This process step creates 

the layer definition that is based on the outcome of a 

previous photolithography process step. These etch 

processes transform a single layer of semiconductor material 

into the patterns, features, lines, and interconnects. 

 
Fig. 5: Etching Profiles before and after 

template is used to format your paper and style the 

text. All margins, column widths, line spaces, and text fonts 
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F. Thermal Oxidation of Silicon 

The formation of SiO2 on a silicon surface is most often 

accomplished through a process called thermal oxidation. 

As its name implies, is a technique that uses extremely high 

temperatures (usually between 700-1200°C) to promote the 

growth rate of oxide layers whose thicknesses range from 20 

to 10000 nm. During the process, silicon substrate is 

exposed to a high purity oxidizing species like oxygen gas 

(dry oxidation) or water vapour (wet oxidation) 

 
Fig. 6: The silicon-silicon dioxide interface in thermal 

oxides 
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G. Anodic Oxidation 

The anodic oxidation processes is usually carried out at 

room temperature. Thus, impurity concentrations present in 

the semiconductor are not altered during this process. As a 

result, anodic oxidation is a useful means for the controlled 

removal of layers of silicon and gallium arsenide at room 

temperature, and is often used as a diagnostic tool. This 

technique can also be used to grow reasonably high quality 

oxides on gallium arsenide. 

 
Fig. 7: Anodic Oxidation Set up 

H. Thin Film Deposition  

Thin films made by a variety of means. Deposition 

technology can be classified in two groups i.e. depositions 

that happen because of a chemical reaction and that happen 

because of a physical reaction. Chemical Vapor Deposition, 

Electrode position, Epitaxy, and Thermal oxidation exploit 

the creation of solid materials directly from chemical 

reactions in gas and/or liquid compositions with the 

substrate material. In physical deposition technologies 

material is released from a source and transferred to the 

substrate. The most common examples are evaporation and 

sputtering. 

I. Physical Vapor Deposition 

This is done in a high vacuum, both to allow the vapor to 

reach the substrate without reacting with or scattering 

against other gas-phase atoms in the chamber. Only 

materials with a much higher vapor pressure than the 

heating element can be deposited without contamination of 

the film. 

 
Fig. 8: Different methods used for melting the source in an 

evaporation system 

J. Sputtering process  

Sputtering is carried out in a plasma chamber. Plasma is the 

fourth state of matter. As we increase the heat added to a 

solid, it will eventually make phase transitions to the liquid 

state, become gaseous and then finally the bonds binding 

electrons and ions are broken and the gas becomes 

electrically conducting plasma. Plasma is a gaseous 

collection of ions, electrons, energetically excited 

molecules, and a large number of neutral gas species, 

normally created by the application of electromagnetic 

fields. Plasmas can be used to drive reactions that would 

otherwise be thermally prohibited. Plasmas are used to 

deposit, chemically etch or sputter materials. 

 
Fig. 9: A schematic representations of a chamber, plasma 

glow and plot of potential 

 
Fig. 10: Kinectics of Sputtering Process 

K. Ion-Implantation and Diffusion 

 
Fig. 11: Basic Implantation system 

Diffusion and Ion Implantation are the methods by which 

impurity is introduced into silicon to change its resistivity. 

These processes allow the formation of sources and drains 

of MOSFETs and active regions of bipolar transistors. In 

diffusion (in a high temperature environment) the dopant 

atoms are moving from a highly concentrated region to a 

low concentrated region. The classic approach to creating 

regions of silicon with different electrical properties was to 

deposit a dopant material, on the surface, then diffuse or 

drive it into the surface of the silicon by exposing it to 

controlled periods of high temperature. As device 

geometries have become smaller, the side-ways diffusion 

has become more difficult to deal with, so the industry has 

converted to the ion implantation process. In implant, the 
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dopant molecules are implanted vertically into the surface of 

the silicon by a high-energy ion beam. This penetrates the 

silicon vertically without any appreciable side-ways 

diffusion. Thus p-type or n-type regions in silicon are 

created when they are doped with Boron and Phosphorous 

ions respectively.  

L. Lithography 

Fabrication of devices depends on selective processes such 

as removal of material (etching) addition of material 

(deposition) and modification of material (implantation, 

diffusion, etc.). One need to have defined areas on the 

substrate exposed to these processes and the rest of the 

substrate must be protected also during the same processes. 

These selected/unselected areas make up the pattern. Pattern 

definition takes place in the resist which is a thin layer of 

polymeric material coated on the substrate. The resist is 

modified so that it remains in some areas and is removed in 

others. Lithography in the integrated circuit technology 

context is typically the transfer of a pattern to a 

photosensitive material by selective exposure to a radiation 

source such as light. 
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