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Photoelectric Work Function of a Copper Single Crystal
for the (1QO), (110),(111),and (112)Faces
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The electron work function was measured by the Fowler method for four faces of a cop-
per single crystal. The crystal was cleaned by repeated cycles of ion bombardment and
annealing at 700'C under ultrahigh vacuum conditions. With uncertainties of 64 = + 0.03
eV, the work functions were found to be 4«0=4.48 eV, 4&&2

——4.53 eV, 4 &00
—-4.59 eV, and

kg~~ = 4 94 eV

We wish to report here the anisotropic photo-
electric threshold of copper as measured on a
single crystal cleaned by a technique established
in low-energy electron diffraction studies. ' Cop-
per is one in a series of metals for which theo-
retical calculations of work functions associated
with the principal lattice planes were recently
published. ' However, reliable experimental data
on single crystals ar e scarce, and the computed
anisotropies were not compared with experiment.
For copper, a considerable discrepancy was
found between the calculated isotropic part of the
work function and the experimental results for
polycrystalline surfaces. Our experimental data,
on the anisotropy, should be helpful in finding
the theoretical revisions believed necessary. '

Previously, measurements of the photoelectric
threshold of a spherical copper single crystal
have failed to produce an anisotropy. ' Anisotropy
has been reported in epitaxial films4 and in orien-
ted single crystals. ' The single crystals showed
work functions closer to those of clean polycrys-
talline surfaces. However, studies have shown
that, in addition to the heat treatment given to
those crystals, repeated cycles of ion bombard-
ment and annealing are necessary in order to ob-
tain clean surfaces with good low-energy electron
diffraction patterns with copper. '

We have applied this cleaning procedure to a
copper crystal with four crystallographically ori-
ented surfaces and measured the photoelectric
thresholds. Using a spark cutter, the surfaces
were cut parallel within 1' to the lattice planes
(100), (110), (111), and (112) on the sides of a
cylindrical copper ingot of diameter 12 mm and
purity 99.9999o.' The specimen was electropol-
ished by a standard method and mounted on a ro-
tational drive in the vacuum chamber, the only
contact being made to 99.999~0-cu holders. An
oil-free stainless-steeI vacuum system with a
base pressure well below 10 ' Torr was used.

Outgassing for 250 h at 800'C and at pressures

in the low, 10 "-Torr region was followed by re-
peated cyc1es of bombardment with 500-eV Ne
ions and annealing at 700'C. All faces were given
identical treatment, and work functions were
measured in succession without environmental
changes. The work functions were checked after
each step in the cleaning process and showed the
same behavior as found for iron. '

Vfork functions were measured by the Fowler
method with the use of mercury or xenon lamps
and a Hilger and Watts prism monochromator as
a radiation source. The photocurrent was mea-
sured on a vibrating-reed electrometer. How-
ever, instead of fitting Fowler curves, we have
used the equivalent procedure of plotting the
square root of the yield versus photon energy. 4

Except for a slight rounding off near the thresh-
old because of the finite-temperature tail of the
the Fermi-Dirae distribution, such plots yield
straight lines with well-defined abscissa inter-
cepts at a photon energy taken to be the work
function.

After an initial heat-treating period of 7 h at
SOO'C, we obtained results similar to those of
previous work. ' However, the work functions
would then increase rather strongly with temper-
ature. This feature is indicative of contaminated
surfaces. ' Further heating changed the values
considerably in a direction toward those of clean
surfaces with most of the change taking place
during the next 15 h. After outgassing, three to
four cleaning cycles were sufficient to obtain re-
producible, stable work functions with zero or
slightly negative temperature coefficients as
found for clea,n surfaces. 3

Throughout the measurements a collecting
field of approximately 25 V/cm was applied in
a planar geometry. At the end of the run this
field was varied to test the patch effect. ' Fields
lower than 10 V/cm were sufficient to break
down the patch fields. A1so, the light beam could
be moved around on the surface without produc-
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FIG. 1. Square root of photoelectric yield as a func-
tion of photon energy for four crystallographically ori-
ented surfaces on copper. Estimated uncertainties are
64 =+0.03 eV.

ing work-function variations. %e therefore con-
clude that the surfaces were of good homogeneity.

Figure 1 shows a set of curves from which the

final work functions may be found. The results
for the thresholds, as indicated in the figure,
are based on four such sets of curves.

Polycrystalline surfaces made by evaporation
in vacuum are by far the simplest ones to handle

experimentally, and in Ref. 2 a value of 4.65 eV

for the work function of such a surface was chos-
en for comparison with theory. That value also
happens to agree within experimental erroq with

the simple, but arbitrary, ' arithmetic average
of our results for the work functions of the three
principal surfaces. This average as well as the

differences between the work functions of the

principal surfaces 4 ioo 4ixo =
~ 1 eV and 4'iu

pop 0 3 5 eV, respective Iy, are sign if icantly
higher than those of Refs. 4 and 5.

Only a qualitative comparison can be made be-
tween the theory and our experimental results.

The observation that the thresholds of the three
principal surfaces increases in the order (110),
(100), and (111)agree with theory and implies
the reverse order of the surface energies. This
is consistent with the fact that the (111)surface
was easiest to clean, while the (110) surface sta-
bilized its work function more slowly. Also,
since the effect of ion bombardment is to increase
the energy by damaging the surface, the observed
lowering of the work functions upon bombardment
follows as a consequence.

The behavior of the most open and perhaps
poorest defined of the surfaces studied, the (112)
surface, was not followed in detail. However, a
stable, reproducible final work function was ob-
tained with the numerical value falling between
those of the (110) and (100) surfaces.

Quantitatively the previously noted discrepancy
for the average work function has been confirmed.
Also, we find experimentally an overall anisot-
ropy, C,» —C»„about 30'%%uo higher than the theo-
retical prediction. '

Benefits from work done by T. Sigmond, and
advice in vacuum technical matters from mem-
bers of the Elion group here, are gratefully ac-
knowledged. Also, we wish to acknowledge sup-
port from The Royal Norwegian Council for Sci-
entific and Industrial Research.

*Work done in partial fulfillment of requirements for
an applied physics degree.

/Holder of a predoctoral fellowship from the Universi-
ty of Trondheim, Trondheim, Norway.

'S. Andersson, Surface Sci. 18, 325 (1969).
N. D. Lang and%. Kohn, Phys. Rev. B 3, 1215

(1971).
3P. Kohler, Z. Angew. Phys. 21, 191 (1966).
P. Vernier, E. Coguet, and R. Boursey, Czech. J.

Phys. B19, 918 (1969&.
5J. Clerc, G. Giraud, and J. Houssenq, C. R. Acad.

Sci., Ser. B 272, 1346 (1971).
6The crystal was bought from Metals Research Ltd. ,

London. Purity as quoted by manufacturer.
~H. Kobayashi and S. Kato, Surface Sci. 1, 341 (1969).
8D. W. Juenker, J. Appl. Phys. 28, 1398 (1957).


