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INTRODUCTION

»The micromimaturization of electronics circuits and
systems and then concomutant application to computers
and communications represent major mnovations of the
twenfieth century. These have led to the mtroduction of
new applications that were not possible with discrete
devices.

~Integrated circuits on a single silicon wafer followed by
the increase of the size of the wafer to accommodate
many more such circuits served to significantly reduce the
costs while mcreasing the reliability of these circuits.






WHY SILICON?

Semiconductor devices are of two forims
(1) Discrete Units
(1) Integrated Units

Discrete Units can be diodes. transistors. etc.

Integrated Circuits uses these discrete units to make one device.
Integrated Circuits can be of two forms
(1) Monolithic-where transistors. diodes. resistors are
tabricated and mterconnected on the same chip.
(11) Hvbrid- in these circuits. elements are discrete form and
others are connected on the chip with discrete elements
externally to those formed on the chip



v Two other semiconductors, germanium and gallium arsemide, present
special problems while silicon has certain specific advantages not available
with the others.

v" A major advantage of silicon, m addition to its abundant availability in the
form of sand, 1s that it 1s possible to form a superior stable oxide, S10,,
which has superb insulating properties.

v Gallium arsenide crystals have a high density of crystal defects, which
limit the performance of devices made from it.

v'Compound semiconductors, such as GaAs (in confrast to elemental
semiconductors such as Si1 and Ge) are much more difficult to grow n
single crystal form.

v'Both S1 and Ge do not suffer, in the processing steps, from possible
decomposition that may occur in compound semiconductors such as GaAs.

v Lastly, at the present time, silicon remains the major semiconductor in the
industry.



THE PURITY OF SILICON

 The starting form of silicon, which manufacturers of devices
and integrated circuits use. 1s a circular slice known as a
wafer:
- These wafer diameters vary from 10-20 cms with maxmmum
up to 30 cms.
4 Silicon 1s found 1n abundance 1n nature as an oxide in sand
and quartz.
- Silicon must be 1n
v" Crystalline form.
v Very pure.
v" Free of defects. and
v" Uncontaminated.



The Czochralski Process

o To grow crystals, one starts with very pure semiconductor grade silicon,
which 15 melted 1 a quartz-lined graphite crucible. The melt 15 held at a
temperature of 1690K, which 1s shghtly greater than the melting point

(1685K) of sihicon.
o A precisely controlled quantity of the dopant 1s added to the melt
o The ratio of the concentration of impurities in the solid, C, to that i the
liqud, C, 15 known as the equilibrium segregation coefficient f,
k=C/C

Seed Crystal

After having set up the melt, a seed crystal (a small highly perfect
crystal), attached to a holder and possessing the desired crystal
ortentation, 15 dipped imnfo the melt and a small portion 1s allowed to
melt.



Pulling axis

Quartz glass

tube
. Seed
Radio- | : | crystal
frequency i
heater Pulied

N_—

TTIIIIL]

Silicon”
meit Quartz
glass
crucible
T Susceptor



2
&
bWt
=
A
U




Ingot Shicing and Wafer Preparation

< In the final process, when the bulk of the melt has been
grown, the crystal diameter 1s decreased unfil there 1s a point

contact with the melt.
%+ The resulting ingot 1s cooled and removed to be made mto

wafers. The ingots have diameters as large as 200mm, with
latest ones approaching 300mm. The ingot length 1s of the
order of 100cm.



J Slicing the wafers to be used in the fabrication of integrated circuits
15 a procedure that requires precision equipment.

J The object is to produce slices that are perfectly flat and as smooth
as possible. with no damage to the crystal structure.

J The wafers need to be subjected to a number of steps known as
lapping. polishing, and chemical etching.

J The wafers are cleaned. rinsed. and dried for use in the fabrication
of discrete devices and ntegrated circuifs



