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Thermal oxidation is the principal techni ;
o i que and is carried out
and 1300°C 10 dry oxygen or steam with the following reactio: l;c:xi:rcl;n ”

Si+ 02 o ¢ SIOZ _-
Si + 2H,0 — Si0, + 2H, 2w

During oxidation, the Si-SiO, interface moves into silicon. Experiments
have established that oxidation proceeds by the diffusion of the oxidizing species
(oxygen iom, oxygen atom Of molecule) through the oxide layer to the Si-3i0;
interface. The volume increases during oxidation. The constraint t0 match the
oxide layer with the underlying silicon introduces stresses, which put the oxide
layer in compression. If the stresses in the oxide layer werc tensile in nature, the
brittle layer will crack and will be unsuitable. The interface constraint also
generates dislocations and stacking faults inside the silicon near the interface.

For long oxidation times, the oxidation rate 18 parabolic. i e.. the oxide
thickness increases as the square root of time. As a function of temperature. _thc
oxidation rate follows the Arrhenius 1aw (recall Sec. 2.4) with a linear plot of In
(oxidation rate) versus |/T. The activation energy for the process 13 fount to be

~120 kJ mol™ for dry oxidation and ~70 k) mol™ for wet (steam) oxidation.
efore oxidation, the
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[mpurity dnping-L:i"\\ be cartied ou by solid state diffusion under two .condilions:
(i) & constant surface concentration of the dopant is maintained at a high cn().ug.h
emperature 80 that the - dopang diffuses in and creates a characteristic
concentration profile; and (ii) o constant total quantity of the dopant is first
deposited on the surface (Pl'cdc‘.hosilion) cither by short-time annealing or by

other techniques such as jop implantation at a low temperature. The
concentration profile is then altereq iy

ough a high temperature anneal in a non-
doping atmosphere (drive-in),

A p-n junction is created by diffusing into the bulk semiconductor through a
window in the oxide layer an impurity, say, a p-type, where the bulk crystal has
already been dOPCd to be the n-type. In practice, the concentration-distance
profile of the dopant is approximated to two limiting cases: the abrupt junction
profile. This is the case in a shallowly-diffused junction or ion-implanted
junction. In the linearly-graded junction, the concentration profile is assumed to
change linearly with distance.

When the impurity is diffused in through a window, it moves downwards as
well as sideways. The final shape of the diffused region, instead of being a flat
box, becomes a box with bulging sides and spherical corners. This shape has an
important effect on the junction breakdown characteristics.

Avalanche multiplication is the most important mechanism of junction
breakdown. The avalanche breakdown voltage imposes an upper limit on the
reverse bias of diodes, the collector voltage of bipolar transistors and on the
drain voltage of MOSFETSs. If the electric field is high, the carriers may carry
enough energy such that their collisions with atoms generate electron-hole pairs.
The newly-created pairs in turn generate more pairs by collisions and the
process multiplies like an avalanche, eventually causing breakdown. The
avalanche breakdown voltage decreases with increasing impurity concentration.

It is also less for cylindrical shape of the sides of the diffused region and when
the corners are spherical.
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