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(a) A bare n-type Si wafer. (b) An
oxidized Si wafer by dry or wet oxidation.
(c) Application of resist.

(d) Resist exposure through the mask.
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(a) The wafer after the
development. (b) The wafer
after SiO, removal. (c) The
final result after a complete
lithography process.

(d) A p-njunction is formed
in the diffusion or
implantation process.

(e) The wafer after
metalization. (f) A p-n
junction after the compete
process.
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Figure 3.1 ( Current-voltage characteristics of a typical silicon p-n junction.
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Figure 3.2. (a) Uniformly doped p-type and n-type semiconductors before
the junction is formed. (b) The electric field in the depletion region and the
energy band diagram of a p-n junction in thermal equilibrium.
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Figure 3.4. Built-in potentials on the p-side and n-side of abrupt junctions
in Si and GaAs as a function of impurity concentration.
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Figure 3.7.

(a) One-sided abrupt junction
(with N, >> N, in thermal

equilibrium.

(b) Space charge distribution.
(c) Electric-field distribution.

(d) Potential distribution with
distance, where V,; is the built-in

potential.
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Figure 3.8.

Schematic representation of
depletion layer width and
energy band diagrams of a
p-n junction under various
biasing conditions.

a) Thermal-equilbrium
condition. (b) Forward-bias
condition. (¢) Reverse-bias
condition.

Depleti ! .
Pepcon Be, <— Jat
C ' roA
N 49Ys E
o0— p = n _—0 | == === :_\__,_jf_ _C_ E
E, —\— F
== N,
| (a) o
|
o +q(vbi_vF)
IF : : QVF
_’. 1 1
p n ﬁi\_:}—_*TEC
&l N
Ve : e
(b)
[
<R _
p n
— i+
Il
VR

(©)



&9 MR EE
W \/ -"-esw, 27)

gNp

i? V:forward z & -’ reverse ; |



Figure 3.9.

Linearly graded junction in

thermal equilibrium.

(a) Impurity distribution.

(b) Electric-field distribution.

(c) Potential distribution with
distance.

(d) Energy band diagram.
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Figure 3.9cd
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Figure 3.10. Built-in potential for a linearly graded junction in Si and
GaAs as a function of impurity gradient.
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For a one-sided abrupt junction
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Figure 3.13. Impurity profiles for hyperabrupt, one-sided abrupt, and one-
sided linearly graded junctions.
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Figure

njected minority carrier
distributionand electron and
hole currents. (a) Forward
bias. (b) Reverse bias. The
figure illustrates idealized
currents. For practical
devices, the currents are not
constant across the space
charge layer.
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Figure 3.16.
current-voltage
characteristics.

(a) Cartesian plot.
(b) Semilog plot.
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Generation-Recombination and high-injection Effect™
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Figure 3.17.
Comparison of thé
current-voltage characteristics -
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Diffusion Capacitance
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Figure 3.19. Small-signal equivalent circuit of a p-n junction.



short
Figure 3.20. Transient behavior of a p-n junction (a) Basic switching
circuit. (b) Transient response of the current switched from forward bias to
reverse bias.
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Figure 3.21.

Normalized transient time
versus the ratio of forward
current to reverse current.3
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* Junction breakdown
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Figure 3.22. Energy band diagrams under junction-breakdown conditions.
(a) Tunneling effect (b) Avalanche multiplication.
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Figure 3.23. Depletion region in a p-n junction with multiplication of an
incident current.
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Figure 3.24. Critical field at breakdown versus background doping for Si
and GaAs one-sided abrupt junctions.®




Figure 3.25.
Avalanche breakdown
voltage versus
impurity concentration
for one-sided abrupt
junction and
avalanche breakdown
voltage versus
impurity gradient for
linearly graded
junction in Si and
GaAs. Dash-dot line
indicates the onset
of the tunneling
mechanism.>
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Figure 3.26.
Breakdown voltage for
diffused junctions.
Inset shows the space
charge distribution.®
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Figure 3.27. Breakdown voltage for p*-m-n* and p*-v-n* junctions. W'is
the thickness of the lightly doped p-type (1) or the lightly doped n-type
(v) region.
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(a) Planar diffusion process
that forms junction curvature
near the edge of the diffusion
mask, where r; is the radius
of curvature. (b) Cylindrical
and spherical regions formed
by diffusion through a
rectangular mask.
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Figure 3.29. Breakdown voltage versus impurity concentration for one-
sided abrupt doping profile with cylindrical and spherical junction
geometries,” where r;is the radius of curvature indicated in Fig. 3.28..
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