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There have been several recent reports of
barrier height studies on metal-semiconductor
interfaces. ' 7 Metals of widely different work
functions evaporated onto Si and GaAs surfaces
indicated that in each case the energy difference
between the semiconductor conduction band edge
and Fermi level at the interface, y&„, was es-
sentially independent of the metal, which in-
dicates that the Fermi level is fixed by surface
states. In the present work barrier height meas-
urements have been made on a number of zinc-
blende semiconductors to determine (a) if the
barriers are in all cases determined by surface
states, and (b) the relation between the Fermi
energy at the interface and the band gap E .

The present results along with those previously
reported are summarized in Table I. In all
cases, the barrier heights were essentially in-
dependent of the metal. ' In no case was the re-
lation E =cp& +y&~ violated, where pa~ is theg 8pg BP
Fermi energy with respect to the valence band
edge. For those materials where both 300 K
and 7V K measurements could be made, y&
was independent of temperature, and the change

in y&„was equal to the change in E
The values of yfl„and yelp were fetermined

primarily by the voltage variation of the capac-
itance ~o and checked, where possible, by the
forward diode characteristic and the spectral
dependence of the photoresponse. ' Surfaces
were prepared by vacuum cleavage or by chem-
ical polishing 0 followed by an HF rinse, and
in those cases where good samples were ob-
tained by both techniques the results agreed.
For small-E materials, notably InSb and InAs,
barriers on cleaved surfaces exhibited excessive
reverse leakage and could not be used.

A most remarkable feature of the results is
that for most of the materials the Fermi level
is fixed the same fraction of the band gap above
the valence band edge. This relation holds for
an order of magnitude variation in E&. Com-
pounds which are exceptions are those contain-
ing elements from different rows of the periodic

Table I. Barrier heights for Au on several semicon-
ductors. Si taken from reference 1 and GaP from
reference 3. Values are for room temperature unless
otherwise specified. %'here yBP was not available
directly, E -yB was used.g Bn

Periodic
table row Semiconductor E

g Bn BP BP/Eg

E ~~ ma

I I I I I I I I
I I I I I I I I

Si
Ge

1 12 0 78 ~ ~ ~

0.66 0.46 ~ ~ .
0.3
0.3

3-3
4

3-2
2-4

GaAs
InSb (77'K)

GaP
AlSb

1.35 0.93 0.46 0.35
0.24 0. 17 «0. 1 0.3
2. 24 ' ' 0.72 0.3
1.6 ' 0 56 0 35

InP 1.26 0.5 0. 76 0.6
GaSb 0.70 0.6 «0. 1 0.15

InAs (77'K) 0.43 «0. 1 0.48 1.1

FIG. 1. I - V characteristic for 0. 01-in. diameter Au
on degenerate P-type InAs at 77'K. Vertical scale 0. 2
mA/cm. Horizontal scale -0.05 V/cm. The squares
are 1 cm.

471



VOLUME 10, NUMBER 11 PHYSICAL REVIEW LETTERS 1 JUNE 1963

table and in which there is at least one heavy
element. Perhaps the most surprising value of

is that for InAs where there is not only an
inversion layer on the p-type material but the
Fermi level at the interface is actually above the
conduction band edge. A striking confirmation
of this result is seen in the I - V characteristic
(Fig. 1) of a unit prepared on degenerate p-type
InAs. The negative resistance region can only
occur if the Fermi level is in the conduction
band at the surface. Energy values determined
from peak and valley voltages agree with those
obtained from capacitance data.

The authors wish to express their apprecia-
tion to H. M. Simpson, R. K. Willardson, and
W. P. Allred for their aid in the above work.
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The mechanism of the transition responsible
for maser action in GaAs diodes has been the
subject of lively interest since the first report
of very efficient radiation from GaAs diodes. '
We wish to report some observations on the ef-
fect of a high magnetic field on this emission,
which may give some clue to the nature of the
transition involved. It will be shown that the
observed shift of emission energy with mag-
netic field can be approximately described by
assuming that the transition proceeds through
the ground states of donors in GaAs.

The experiments were performed on maser
diodes and incoherent diodes at liquid helium
temperatures and on incoherent diodes at liquid
nitrogen temperatures. These diodes were zinc-
diffused GaAs maser diodes whose net n-type
impurity concentration was typically (2 —5) x10 7

cm s. They were oriented with the magnetic
field in the plane of the junction. The incoherent
diodes were pulsed at 13 cps with a peak current
of 80 mA, while the maser diodes were pulsed
at 300 cps with a peak current of 2. 75 A. The
field was supplied by a Bitter-type solenoid
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FIG. 1. Recorder trace of GaAs maser emission.
Symbols identify the three different series observed.
Primed symbols indicate the position of series peaks
calculated from the quadratic field dependence.

which gave 90 kG at 10 kiloamperes. A typical
recorder trace for a maser diode is shown in
Fig. 1. As the field is increased, the emission
energy shifts, new peaks appear, and others
disappear. s

The spacing of electromagnetic modes of the


