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FABRICATION PROCESS

Oxidation
The process of oxidation consists of growing a thin film of silicon dioxide on the
surface of the silicon wafer.
Diffusion
This process consists of the introduction of a few tenths to several micrometers of
impurities by the solid-state diffusion of dopants into selected regions of a wafer to
form junctions.

Ion Implantation
This 15 a process of introducing dopants into selected areas of the surface of the
wafer by bombarding the surface with high-energy 1ons of the particular dopant.
Photolithography
In this process, the image on the reticle 1s transferred to the surface of the wafer.
Epitaxy
Epitaxy 1s the process of the confrolled growth of a crystalline doped layer of
silicon on a single crystal substrate.
Metallization and interconnections
After all semiconductor fabrication steps of a device or of an integrated circuat are
completed, 1t becomes necessary to provide metallic interconnections for the
integrated circwit and for external connections to both the device and to the IC.
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Etching Techniques

Etching 1s the process of selective removal of regions of a semiconductor,
metal, or silicon dioxide.

There are two types of etchings: wef and drv

In wer efching, the wafers are immersed in a chemical solution at a
predetermined temperature. In this process, the material to be etched 1s
removed equally in all directions so that some material 15 etched from regions
where 1t 15 to be left. This becomes a serious problem when dealing with small
dimensions.

In dry (or plasma) etching, the wafers are immersed in a gaseous plasma
created by a radio-frequency electric field applied to a gas such as argon.
Electrons are mitially released by field emission from an electrode. These
electrodes gain kinetic energy from the field, collide with, and transfer energy
to the gas molecules, which results in generating 10ns and electrons. The newly
generated electrons collide with other gas molecules and the avalanche process
continues throughout the gas, forming a plasma. The wafer to be etched 1s
placed on an electrode and 1s subjected to the bombardment of its surface by
gas 1ons. As a result, atoms at or near the surface to be etched are removed by
the transfer of momentum from the 10ns to the atoms.



Diffusion

*Most of these diffusion processes occur in two steps: the predeposifion and
the drive-in diffusion.

*In the pre deposition step, a high concentration of dopant atoms are
introduced at the silicon surface by a vapor that contains the dopant at a
temperature of about 1000°C. In recent years Ion Implantation 1s used.

*At the temperature of 1000°C silicon atoms move out of thewr lattice sites
creating a high density of wvacancies and breaking the bond with the
neighboring atoms.

*The second step 1s dnive in process, used to dnve the impurities deeper mnto
the surface without adding anymore impurities.

*Common dopants are boron for P-type layers and phosphorus, antimony, and
arsenic for N-type layers.

A typical arrangement of the process of diffusion 1s shown in Figure.

*The wafers are placed in a quartz furnace tube that is heated by resistance
heaters surrounding it. So that the wafers may be inserted and removed easily
from the furmmace, they are placed in a slotted quartz carmer known as a boat. To
introduce a phosphorus dopant, as an example, phosphorus oxychloride



Ton Implantation

To generate 10ns, such as those of phosphorus, an arc discharge 15 made to

occur 1n a gas, such as phosphime (PH;) that contains the dopant.

The 10ns are then accelerated i an electric field so that they acquire an energy of
about 20keV and are passed through a strong magnetic field.

Because during the arc discharge unwanted impurities may have been generated,
the magnetic field acts to separate these impunties from the dopant 10ns based on
the fact that the amount of deflection of a particle i a magnetic field depends on its
mass.

Following the action of the magnetic field, the 1ons are further accelerated so

that their energy reaches several hundred keV, whereupon they are focused on and
strike the surface of the silicon wafer.






Photolithography
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The wafer 1s baked at 100°C to solidify the resist on the wafer.
The reticle 1s placed on the wafer and aligned by computer control.
The reticle 1s exposed to ultraviolet light with the transparent parts of the reticle
passing the light onto the wafer. The photoresist under the opaque regions
of the reticle 1s unaffected.
The exposed photoresist 15 chemically removed by dissolving it 1 an organic
solvent and exposing the silicon dioxide underneath. This 1s a process very
similar to that used in developing photographic film.
The exposed silicon dioxide 15 then etched away using hydrofluoric acid, which
dissolves silicon dioxide and not silicon. The regions under the opaque part of
the reficle are still covered by the silicon dioxide and the photoresist.
The photoresist under the opaque regions of the reticle 15 stnpped using a
proper solvent and the silicon dioxide 1s exposed.
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Epitaxial Growth
Epitaxy 1s used to deposit N on N+ silicon, which 1s impossible to
accomplish by diffusion. It 1s also used in 1solation between bipolar
transistors wherein N- 1s deposited on P.
We list below, and with reference to Figure, the sequence of operation
involved in the process:
1. Heat wafer to 1200°C.
2. Turn on H, to reduce the $10, on the wafer surface.
3. Turn on anhydrous HC/ to vapor-etch the surface of the wafer Thus
removes a small amount of silicon and other contaminants.
4. Turn off HCI.
5. Drop temperature to 1100°C.
6. Turn on silicon tetrachloride (SiCly).
7. Introduce dopant.
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