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Prior to 1971, a computer unit was a huge machine, requiring a full room with conditioning. 

In that year, the advent of the microprocessor changed the course of the history of computing, 

giving rise to a generation of desktop and, later, hand-held devices, not only computers, but as well 

mobile phones, calculators, watches. 

The heart of this revolution is the microchip, or integrated circuit. 

Microchips are the "brain" of electronic devices, and are found everywhere, 

in household appliances, automobiles, and so on. 

We must appreciate that the revolution that led to microchips has a 

strong chemical basis. It is based on exploitation of materials, specifically 

semiconductor materials. A microchip consists of a semiconductor layer, on 

which millions of small "bricks", more or less complex, have been formed. 

The density of these components (such as transistors and diodes) is continuously increasing. The 

transistors, when they were invented, had a size of several centimeters; now we can place 30 

millions of them on an area as small as a pin head. 

The first microprocessor was built in 

1971 by the Italian engineer Federico Faggin. In 

his words: "In a January night, alone in the 

laboratory, with trembling hands ..." in Intel 

laboratories, he made the Intel 4004. This early 

product contained "only" 2300 transistors. 

The leading material for semiconductors 

is elemental silicon. That's why the California 

area where many electronics and computer 

industries are located is called "Silicon Valley". 

Transistors and other components making up 

microchips are built on silicon platelets. 

Silicon (Si) is a common element: it is the 

second most abundant element in the Earth's 

crust after Oxygen. It is not present in its elemental form, but 

most rocks are made of dioxide SiO2 and its derivative salts. Such 

compounds are components of various materials like glass, 

cement and ceramics. 

To be used in electronics, elemental silicon must be 

prepared from its oxide by reduction at high temperature 

(1800°C). Silicon dioxide (quartz) reacts with carbon, producing 

carbon monoxide and elemental silicon, that is molten at this 

temperature: 

SiO2 + 2 C = Si + 2 CO 
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This "Metallurgical Grade Silicon" is further refined to obtain EGS (Electronic Grade 

Silicon), 99.99% pure. 

The specifications of silicon for 

microchips are very strict and are not met by 

EGS. The latter is therefore subject to the 

"Czochralski process", which consists of 

crystal growth from melted silicon, seeded by a 

crystalline solid rotating on the liquid surface. 

The crystal growth yields a monocrystalline 

ingot weighting 100 kg, a metre and a half in 

length, of extremely high purity (99.9999%). 

The ingot is then cut into thin slices called 

"wafers", using a disk blade with diamonds on its 

edge. They have a diameter about 300 mm and are 

polished and made shiny like a mirror. 

The wafers are brittle and, in order to 

protect them from corrosion and wear, a layer of 

silicon dioxide (SiO2) is grown on their surface 

through oxidation by oxygen or water. SiO2 is a 

highly insulating material and, as the oxidation process goes on, a thicker and thicker protection 

barrier is formed, while the elemental silicon layer becomes thinner. 

It is now time to create an image of the electronic circuit on 

the wafer. This is done through a technique called photolitography, 

one of the crucial stages in the microchip production process. The 

disk surface is covered with a thin layer of Photo Resist, a 

photosensitive liquid whose molecular structure is changed when 

exposed to ultraviolet light. A mask with the shape of the circuit is 

interposed between the wafer and a UV source, and the circuit image 

is etched on the wafer surface, much like how an image of incoming 

light is produced on a photographic film when taking a photo. 

The steps involved in photolithography are summarized in the scheme below: 
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Photolithography can be considered the "creative" step in microchip production. Its name is 

derived from lithography, an ancient technique for 

reproducing images from a master stone plate. 

Nowadays, thanks to this technique, we are 

able to make complex circuits of nanometric size. 

The artistic power is conserved, however, giving 

rise to modern "silicon art". When making 

microcircuits, engineers love to impress on the 

wafer tiny drawings and writings, not visible with 

the naked eye, that represent a signature of the 

artist. 

To produce a common processor or 

memory chip, tens of photolithography cycles may 

be required. The final step is removal of the 

photoresist layer with a solvent, leaving the traces 

of UV rays that passed through the mask. The 

circuit shape is now visible. 

To get a working microchip, it is now 

necessary to increase the electric conductance of 

silicon. Ultrapure silicon is a semiconductor, that 

is an intermediate material between conductors 

and insulators. In insulators, all the electrons are 

strictly bound to atoms, which prevents them 
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from moving and transporting electricity. In conductors, the electrons are free to move from one 

atom to the other, so an applied potential will move them and generate an electric current. In 

semiconductors, like silicon, the electrons are bound to atoms, but under certain conditions they can 

be made free moving. 

A silicon atom has 14 electrons, four of these are the so-called valence electrons, responsible 

for interatomic bonds and normally located between atoms. The basic idea for increasing electrical 

conductance is adding or removing some electrons, that become free for transporting electricity. 

This can be done by doping, that is, inserting atoms with more (typically phosphorus, with five) or 

less (boron, with three) valence electrons. 

Silicon doping can be 

effected by thermal diffusion, 

whereby the doping substance is 

put in contact with the surface at 

high temperature, and it diffuses 

into silicon. This technique is now 

being superseded by ion 

implantation: atoms of the doping 

element are transformed into ions 

and accelerated by electric fields. 

When they impact the silicon 

surface, they penetrate it to various 

depths, according to the ion 

energy. 

A phosphorus atom has 

five valence electrons, so when it 

replaces a silicon atom in its structure, an extra 

electron is found, that is not engaged in bonding, is a 

free charge carrier and is able to conduct electricity. 

A boron atom has only three valence electrons 

available, so where it is placed in the structure, one 

bond electron is missing. This is called a hole. One 

electron from neighboring Si-Si bonds can move and 

fill the hole, but it leaves a new hole in its original 

position. Therefore the hole can move and it behaves 

like a free particle with positive charge. 

Therefore phosphorus-doped silicon is called a 

n-type conductor, because the charge carriers 

(electrons) are negative. On the other hand, boron-

doped silicon is a p-type conductor, because the charge carriers (holes) are negative. 

When semiconductors of different types are jointed, the different conduction mechanisms at 

the joint gives raise to special properties. This allows fabrication of electronic devices, like diodes 

and transistors, that are the constituents of microchip integrated circuits. 

 

Doping by ion implantation 
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After doping, the wafer is cut into many chips, 

all equal in size, called dice. The dice are assembled 

into "packages" made of plastics, ceramics or metals. 

They are electrically connected through gold, aluminum 

or copper wires, that are thinner than a hair and also 

connect the dice to external metal pins. 

 

Boron p-type doping 

The microprocessor represented a huge change in approach and design compared to 

previous integrated circuits, because it is programmable. Older electronic devices had specific 

functions, that were specified by hardware. On the contrary a microprocessor, nicknamed "miracle 

chip", had functions that were defined via software, so it is as flexible as a full computer, made up 

on a single silicon chip. 

This flexibility enables the "miracle chip" to be embedded in different appliances such as a 

microwave oven, or a dishwasher, or a mobile telephone. 

Silicon microchips are more and more miniaturized as time progresses according to Moore's 

law: the number of transistors packed in one microchip, and the device performance, doubles every 

18 months. It is obvious that this trend cannot continue forever, because there are physical limits to 

electronic components of a few nanometers. In order to further extend this progress, alternate 

materials are being considered to replace silicon, for instance graphene or silicon-gallium nitride 

hybrids. 

As research progresses, microchips become smaller and smaller and computers become 

more and more efficient. Will they supersede the human minds? Let's quote from Federico Faggin's 

talk on the first 40 years of the microprocessor: "The human brain is so much more powerful than a 

computer. ... Consciousness, awareness and creativity are processes in the brain that aren't even 

understood, let alone replicable. ... Our experience is a lived thing. A computer is a zombie." 
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