3.7. Schottky diodewith an interfacial layer &

A more daborate modd of the Schottky barrier contains an interfacia layer between the
semiconductor and the metd. Typicdly this layer is a thin oxide layer, with thickness d, which
nauraly forms on the surface of a semiconductor when exposed to ar. The andyss of the
Schottky diode can now be repeated using the full depletion approximation yidding the
following relation between the totd applied voltage and the depletion layer width:
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from which the depletion layer width can be solved. The capacitance of the dructure can be
obtained from the series connection of the oxide and semiconductor capacitance:
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This expression is very gmilar to that of equation (3.3.10) except tha the oxide layer increases
the built-in voltage. The potertid f ,, across the semiconductor can be written as:
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Or dternativey,
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for zero applied voltage this reduces to:
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ingead of amply f, = f; when no oxide is present. This anayss can be interpreted as follows.
the interfacid layer reduces the capacitance of the Schottky barrier diode, dthough a capacitance
measurement will have the same generd characteristics as an ided Schottky barrier diode except
tha the built-in voltage is increased. However the potentid across the semiconductor is
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decreased due to the voltage drop across the oxide layer, o that at low voltage the barrier for
eectrons flowing into the semiconductor is reduced yidding a higher current that without the
oxide. It has been assumed that the interfacid layer forms a very thin tunnd barrier, which a low
voltages does not redtrict the current. As the voltage applied to the Schottky barrier is more
positive, the depletion layer width reduces, so that the field in the oxide aso reduces and with it
the voltage drop across the oxide. The current under forward bias conditions therefore
gpproaches that of the idedl Schottky diode until the tunnel barrier redtricts the current flow. This
results in a higher idedity factor for Schottky barrier with an intefacid layer. From equations
(37.3) and (3.74) we find that the effect is largest for highly doped semiconductors and
interfacid layers with low dielectric congtant.

The current under forward bias is then given by:
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An intefacid layer between the metal and semiconductor of a Schottky diode affects the
measured barier height and built-in potentid. The tota potentiad within the device is now
divided between the interfacid layer and the semiconductor. This causes the potentid across the
semiconductor to be lower so that carriers can more easlly flow from the semiconductor into the
metd, yielding alarger current. The interfacia layer aso reduces the capacitance.

As an example we condder a thin 3 nm thick oxide layer a the interface of a gold-slicon
Schottky diode. The energy band diagram is shown in the Figure 3.7.3.
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Figure3.7.1 Enegy band diagram of a gold-silicon M-S junction with a 3 nm interfacid oxide
layer.

Since the interfecid layer can be viewed as an additional capacitor connected in series with the
capacitance associated with the depletion layer, it is easy to accept that the tota capacitance is
lower than for a diode without interfacia layer. A 1/C? plot versus the applied voltage is shown
in the figure below.
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Figure3.7.2 Capacitance-Voltage characterigics of a gold-slicon M-S junction with and
without a3 nm interfacid oxide layer.

This plot reveds that the dope remains the same, while the intercept with the voltage axis ghifts
to higher forward voltages. The fact that the dope remains unchanged is due to the fact that it
depends on the doping concentration in the semiconductor, which remans unchanged. The
presence of an interfacid layer therefore increases the measured built-in potentid, but does not
dter the extracted doping concentration.

The andyss of the forward bias current is more complex since it depends on the transport



properties of the interfacid layer. However if one assumes that the barier is so thin that cariers
can eadly tunnd through, the diode current andyss can be obtained from the standard diffuson
andyss, provided that the dtered potential across the semiconductor is taken into account.

A comparison of a gold-dlicon diode with and without an interfecid layer is shown in the figure
below. The figure reveds that the interfacid layer affects both the dope and the intercept of the
forward-biased current-voltage when plotted on a semi-logarithmic scae.
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Figure3.7.3 Current-Voltage characteristics of a gold-slicon M-S junction with and without a
3 nminterfacid oxide layer.

In summary, an intefacid layer increases the built-in potentid as measured with a C-V
measurement, decreases the internd potentiad across the semiconductor, which increases the
messured idedlity factor and saturation current. It also decreases the messured barrier height as
extracted from the temperature dependence of the saturation current and limits the maximum
current dengity.



