
EF = Fermi energy

A natural barrier to electron flow is built up

χs

φm φBn

qφBn = q (φm – χs)

For Aluminum on silicon: 
qφBn = q (4.3 – 4.05) = 0.25 eV

Example of a METAL contact to a SEMICONDUCTOR: the basis of
all electrical contacts to semiconductor materials….

The Metal-Semiconductor Interface



Control of the interface???

qφBn = q (φm – χs)

IF

THEN we should be able to find the 
right choice of metal and semiconductor 
so that 

qφBn = 0

a completely transmissive interface
(we’re not using ‘ohmic’ yet)

If χs= 4.05 eV for Si, a metal with 
work function ~ 4 eV should have a 
very small barrier, but …
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Electrons from semiconductor transfer to surface states AND metal

There is no longer a predictable expression for the barrier, φ Bn

So how can we form a transmissive interface????



Some ‘pinning’ can occur
within the conduction band



A transmissive interface…

Gallium Arsenide Processing Techniques, Williams



Alloyed Contacts: AuGeNi on GaAs

Kuan et al., Journ. Appl. Phys.54 (1983)

Understanding the microstructure of Au-Ge-Ni
ohmic contacts on GaAs

TEM, compositional analysis, electron diffraction



Association of lowest resistance
with a particular phase of AuGeNi:
N++ doping of GaAs with Ge



From R.E. Williams, Gallium Arsenide Processing 
Techniques, Artech House, Inc. 1984, p. 239

Note: separate measurements have to be done to determine what 
‘underalloyed’, ‘alloyed correctly’ and ‘overalloyed’ correspond to in terms 
of contact resistance. Only then can these images of the metal 
morphology be a good guideline for processing

Surface appearance of
AuGeNi alloyed contact


