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We report here on progress in optimizing Schottky barrier heights using doped
interfacial layers in Al:GaAs diodes grown in a molecular beam epitaxy (MBE) appa-
ratus. It should be emphasized that these contacts were grown entirely in the ul-
tra-high vacuum (UHV) environment of an MBE system, because this allowed us to
minimize contamination and control the impurity content at the metal:semiconductor
interface.

Schottky diodes are of significant technological importance because of their
ease of fabrication and high speed. Their usefulness is limited, however, by the
inflexibility of the barrier height: for many semiconductors the barrier height is
relatively insensitive to the choice of metal. An early effort on Schottky barrier
height modification involved Cu diffusion into n-type CdSl. This was followed by
an attempt using ion implantation of Sb into p-type Siz. The use of doped interfa-
cial layers to modify the barrier height was suggested independently for Schottky

barriers on III-V semiconductors by W. E. Spicer et al. as a result of their de-

tailed understanding of the process of Schottky barrier formation on these materi-

als3.
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temperature I-V measurements, extend
Figure 1. The metal-pt-n structure used for
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an understanding afforded by our unified

Figure 2. Effective barrier heights, cal-
culated from room temperature I-V measure-
ments assuming a thermionic emission model,
for some diodes having the structure shown
in Fig. 1. The solid line shows the pre-
dictions of our model.

defect model for interface states on III-
v semiconductors3. The unified model
gives detailed insight into the energies
and densities of the (defect-induced) in-
terface states that pin the Fermi level. We find good agreement between theory

and experiment (Fig. 2). A full calculation of the electrostatics at the interface
is under way, but it is evident that the Schottky barrier height on GaAs can be
engineered to any desired value over a much broader range than previously thought.

I-V, C-V, internal photoemission, and temperature-dependent measurements have
been made. These results were interpreted in conjunction with model charge distri-
butions and electric potentials, and known doping configurations to lend insight to
phenomena at metal:semiconductor junctions.

The advantages resulting from engineered Schottky barriers include lower gate
currents and reduced noise in GaAs MESFET's, improved performance in solar cell ap-
plications, as well as increased flexibility in circuit design with diodes of dif-
fering barrier heights. Schottky diodes can be fabricated having large barrier
heights approaching those of p-n junctions. Since these are majority carrier de-
vices they should not suffer from the minority carrier charge storage problems
which limit the speed of bipolar devices. Diodes can be fabricated that range con-
tinuously from majority carrier Schottky devices to recombination dominated p-n
junctions. These devices should also facilitate the study of transport mechanisms
at rectifying contacts.
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