


m IDEAL MS CONTACTS

An ideal MS contact has the following properties: (1) The metal and semiconductor are
assumned to be in intimate contact on an atomic scale, with no layers of any type (such as an
oxide) between the components. (2) There is no interdiffusion or intermixing of the metal and
semiconductor. (3) There are no absorbed impurities or surface charges at the MS interface.
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Fig. 14.1 Surface-included energy band diagrams
for a metal (left) and a-type semiconductor (right).
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Fig. 14.2 Energy band diagrams for ideal MS contacts between a metal and an n-type
semiconductor: @) > Pg system (a) an instant after contact formation and (b) under
equilibrium conditions; ®yf < @g system (c) an instant after contact formation and
(d) under equilibrium conditions.
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Fig. 14.3 Response of the ®yf > Pg (n-type) MS contact to an applied d.c. bias.
(a) Definition of current and voltage polarites. (b) Energy band diagram and
carrier activity when VA > 0. (c) Energy band diagram and carrier activity when
VA < 0. (d) Deduced general form of the /-V characteristics.
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Table 14.1 Electrical nature of ideal MS contacts.

n-type p-type
semiconductor semiconductor

Dy > Dg
DM < Dg
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Voi = L[®p - (Ec—Ep)pg)

®Pp = Qp—y ...ideal MS(n-type) contact
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Fig. 14.4 Electrostatic variables in an MS (n-type) diode under equilibrium
conditons. (a) Equilibrium energy band diagram. (b)—(d) Charge density,
electric field, and electrostatic potental as a function of position.
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Fig. 14.5 Negligible and dominant current components in a forward
biased (a) p*n junction diode and (b) MS diode.
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Current Transport Processes - 257

plane relative to the principal axes of the ellipsoid, and m?*, m%, and m*
are the components of the effective mass tensor. For Ge the emission in
the conduction band arises from minima at the edge of the Brillouin zone in
the (111) direction. These minima are equivalent to four ellipsoids with
longitudinal mass m¥ = 1.64m, and transverse mass m’ = 0.082m,. The sum
of all the AT values has a minimum in the (111) direction:

%
(%) ety m*/mo+ [(m*)* + 8m, ' m 1% Imy = 1.11. (26)
The maximum A* occurs for the (100) direction:
A* ——4_ (m’f)2+2m°fm7:l”2_
<X) n-Ge(100) T my [ 3 =1.19. 27

For Si the conduction band minima occur in the (100) directions and
m7 =0.98m,, m* =0.19m,. All minima contribute equally to the current in

the (111) direction, yielding the maximum A*:

A* _ 6 (m",‘)2+2mfm*{:’”2_ .
( A ) n-Sii1y | Mo [ 3 =2.2. (28)

The minimum value of A* occurs for the {100) direction:

E S
(&) . =2mtima+ dmtm ) Bimy = 2.1. 29)
A/ n-si(100)
For holes in Ge, Si, and GaAs the two energy maxima at k=0 give rise to
approximately isotropic current flow from both the light and heavy holes.

Adding the currents due to these carriers, we obtain

(%), =i+ miime (30)

Table 1 gives a summary of the values® of (A*/A).

Since the barrier height for electrons moving from the metal into the
semiconductor remains the same, the current flowing into the semiconduc-
- tor is thus unaffected by the applied voltage. It must therefore be equal to
the current flowing from the semiconductor into the metal when thermal
equilibrium prevails (i.e., when V = 0). The corresponding current density

Table 1 Values of A*/A

Semiconductor Ge Si GaAs
p-type 0.34 0.66 0.62
n-type (111) L.11 22 0.068 (low field) 1.2 (high field)
n-type (100) 1.19 2.1 0.068 (low field) 1.2 (high field)
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Fig. 14.6 Measured /-V characteristics derived from a MBR040 MS diode: (a) forward bias;
(b) reverse bias. The dashed lines in (a) are theoretical estimates of the diffusion (/piFF ) and
recombination-generation (/R G ) currents flowing in the diode. The experimental data was
obtained employing an HP4145B Semiconductor Parameter Analyzer.
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Figure 14.8 (a) Sample C-V data derived from a MBR040 MS diode. (b) 1/C? versus V, plot
constructed from the experimental C—V data. [Note: To correct for the encapsulation-related stray
capacitance shunting the MS diode, 3.4 pF was subtracted from all measured capacitance values

before constructing the part (b) plot.]
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