




Figure 1: Junction between 
Mo and Pt. Mo has a smaller 
work function than Pt. When 
a junction is formed electrons 
from Mo move to Pt until the 
Fermi level lines up and the 
junction is in equilibrium.



Figure 2: Junction formed between 
Mo and Pt at equilibrium, with a 
contact potential given by the 
difference between the work 
functions. The contact potential 
prevents further motion of electrons 
from Mo to Pt due to E-field created 
at the interface



Figure 3: Schematic of the Seeback effect 
showing the potential development
in a metal with a temperature gradient. 
There is a greater energy of electrons
at the hot end which then flow to the cold 
end leasing to development on
an in-built potential. The potential depends 
on the temperature difference
and a material parameter called the 
Seeback coeffcient.



Table 1: Seeback 
coefficients for some 
typical metals at two 
different temperatures 
and values for x. The EF
values are also listed





Figure 4: Temperature measurements 
using a thermocouple consisting of tow
dissimilar metals. There is a potential 
difference at the two junctions arising
from the different Seeback coefficients 
of the two materials.

Figure 5: 
Thermocouple 
potential vs. 
temperature for 
different types of 
thermocouples. 
The potential can 
be measured using 
a standard digital 
voltmeter and 
converted into 
temperature.



Thermocouple equation





Figure 6: Schottky junction 
between metal and n-type 
semiconductor before 
contact. The work function of 
the semiconductor is smaller 
than the metal so that 
electrons can move from 
semiconductor to metal, 
forming a contact potential.

Figure 7: Schematic showing the 
metal, n-type semiconductor in 
contact, and the Schottky junction 
between them. There is a depletion 
layer in the n-type semiconductor due 
to transfer of electrons to the metal. 
This leads to the formation of a 
contact potential.





Figure 8: Schottky junction 
showing the band bending on the 
semiconductor side. 
Semiconductor bands bend up 
going from the semiconductor 
(positive) to metal (negative) since 
this is the same direction as the 
electric field

Figure 7: 







Figure 9: Schottky junction under 
forward bias.





Figure 10: Schottky junction 
under reverse bias

Figure 11: I-V characteristics of a Schottky 
junction showing rectifying properties; 
conduction of current in forward bias but 
not in reverse bias

Forward bias 
forward current

Reverse bias 
reverse saturation 
current (very small)

Note that  is the current  
density J=I/A  I = JA



Example

The forward current density at 0.4 V applied external potential is 
calculated by equation 6 and found to be 0.61 A cm-2





Figure 13: Ohmic junction (a) before and (b) after contact. Before contacts the Fermi 
levels are at different positions and they line up on contact to give an accumulation 
region in the semiconductor



Table 2: Combination of semiconductors (n and p) and metals (alloys) that normally 
form Ohmic contacts



Figure 14: Current flow through an Ohmic 
junction can lead to heat (a) absorption or 
(b) release. This depends on the external 
bias, that determines the direction of heat 
flow. When electrons move from metal to 
higher energy levels in the semiconductor 
heat is absorbed from metal by electrons 
and the reverse happens when electrons 
flow from semiconductor to meta heat is 
released to metal by electrons 



Figure 15: Schematic of the Peltier cooler using both p- and n- type semi-
conductors. One end of the cooler is connected to the body from which heat
is absorbed (cooled) and the other end is connected to a heat sink, where it
is released
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