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Short note

Intensities of surface diffraction spots in plan view
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Values for the absolute intensities of surface diffraction spots in the plan-view geometry have been measured using an
electron energy-loss spectrometer. The values are of the order of 10~* relative to the incident beam, which is consistent with
multislice calculations, Measurements of the spectra around the spots in on-zone and off-zone orientations indicate that {for
silicon} the main backgrouad signal is due to plasmon scattering.

1. Introduction

The lessons of the past in electron microscopy
indicate that theoretical modelling should go
hand-in-hand with experimental analysis of im-
ages and diffraction patterns, With the develop-
ment of microscopes around the world which can
do electron microscopy in a UHV environment
(see ref. [1] for a recent review), it is necessary to
work on understanding the character of any re-
sults. One obvious question is the intensity of
diffraction spots due to a surface layer. Experi-
mentally, these diffraction spots are strong, often
readily apparent on a phosphor screen, which
might appear to be a little surprising. In addition,
it is now established [2,3] that these spots are
much clearer off the zone axis when the diffuse
scattering around the bulk diffraction spots is
attenuated.

The intention of this note is to report experi-
mental ‘measurements of the absolute value of
surface diffraction spots using an electron energy
loss spectrometer. We find that the values are of
the order of 107* of the incident beam intensity,
which is consistent with multislice calculations
[4,5]. We also show that, at least for silicon, the
primary component of the diffuse plume around
the bulk spots is plasmon scattering.

2. Experimental method

The general method of sample preparation for
surface studies was ion-beam cleaning / annealing
and has been described elsewhere [3,6,7). The
sample used here was the Cu/Au on Si(111)5 x 5
surface, and details of the actual sample prepara-
tion will be described elsewhere [8]. Absolute
intensity values were obtained using a Gatan par-
allel energy-loss spectrometer interfaced to an
Apollo computer [9]. The procedure was, first, to
determine the location of the spectrometer en-
trance aperture in terms of a position on the
phosphor screen using the electronic “Image
shift” unit on the microscope and maximizing the
signal from the transmitted beam, and then use a
dark-field tilt to bring the appropriate diffraction
spot to the same position. The camera length of
the diffraction pattern was chosen such that satel-
lite spots can be discriminated from the main
spots through the spectrometer entrance aper-
ture. We have only used this approach for the
stronger surface spots when they were visible on
the screen.

3. Experimental results

Fig. 1 shows selected-area diffraction patterns
of a 5X3 reconstruction on Si(111) due to a
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monolayer of Cu-Au alloy in (a) near (111) zone
axis and in (b) off the zone axis (none of the (11)
bulk spots were excited). There are two strong
surface diffraction spots, namely the bulk forbid-
den {10} spots and the {4/5, 1} spots near the
bulk {11} spots due to the 5 X 3 reconstruction.
Representative electron energy-loss spectra are
shown in fig. 2 from: (a) the transmitted beam
near the zone axis (A in fig. 1a) ; (b) the (11) spot
(B in fig. 1a), i.e. bulk (220) spot; {¢) the (10} spot
(C in fig. 1a); (d) the (4/5, 1) spot (D in fig. 1a)

Fig. 1. Electron diffracticn patterns of the Cu-Au on Si(111)
5% 5 reconstruction: {a) near the zone axis and (b} off the
ZOne axis.
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Fig. 2. Collection of PEELS spectra as described in the text.

and (e) the (4/5, 1) spot off the zone axis (E in
fig. 1b). The intensity of the spectra is rescaled.
The transmitted beam and the bulk (11) beam
contain the same amount of plasmon loss inten-
sity which increases with the specimen thickness
(figs. 2a and 2b). Comparing spectra {d) and (e),
it is apparent that near the zone axis there is a
strong contribution from the diffuse plasmon
scattering around the (11) beam which is confus-
ing both the intensity level and clarity of the
surface diffraction spots. However, when the
speecimen is tilted off the zone axis this plasmon
scattering contribution drops since the Intensity
of the bulk (11} beam is reduced. The interprela-
tion of these spectra is that the plasmon scatter-
ing near and under a dilfracted beam is caused by
the multiple scattering of both ¢lastic (Bragg) and
inelastic (plasmon) events [10].

Table 1 summarizes values of the intensities
measured relative to the transmitted beam, inte-
grating over the zero-loss peaks for both the
near- and off-zone diffraction patterns. In the
near-zone diffraction pattern, the intensities of
the surface spots are found to be of the order of
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Table 1
Intensities of different diffraction spots relative to the trans-
mitted beam in the Si(111)5x § diffraction patterns

Diffraction Intensity Intensity
spot (near the zone) (off the zone)
00) 1 1

(11 Ix107! 1x1073
(10) 5%1073 6x 108
/51 1x107* 2x1077

10~*, which is consistent with our predictions
from mulitislice simulations. In the off-zone
diffraction pattern, the bulk {11) spot intensity
dropped as much as two orders of magnitude
while the intensities of the surface spots dropped
by about one order of magnitude. (The two
diffraction patterns were not from exactly the
same area; therefore, we should be careful in
comparing the absolute intensity levels. But the
important information that we can draw is the
intensity of the diffraction spots relative to the
transmitted beam.) We should note that the error
associated with our measurements is probably at
most a factor of two. Better values could be
obtained with a digital scan of the diffraction
pattern into the spectrometer which we are in the
process of implementing at present, but which
will take some time to complete.

4, Conclusions

Absolute values of surface diffraction intensi-
ties were measured using an energy-loss spec-

trometer and appear to match well to what would
be expected based upon multislice calculations.
The visibility of the surface diffraction spots im-
proves in an off-zone pattern compared to an
aon-zone pattern because of the attenuated bulk
diffraction spot intensity and the associated dif-
fuse plasmon scattering.

Acknowledgement

This work is supported by the Air Force Office
of Scientific Research on grant number AFOSR-
90-0045.

References

[1] 1.E. Bonevich and L.D. Marks, Microscopy 22 (1992) 95.

[2] K. Takayanagi, Y. Tanishiro, S. Takahashi and M. Taka-
hashi, Surf. Sci. 164 (1985) 367.

[3] D.N. Dunn, J.P. Zhang and L.D. Marks, Surf. Sci. 260
(1992) 220.

[4] L.D. Marks, Ultramicroscopy 38 (1991} 325.

[5] L.D. Marks, T.S. Savage, J.P. Zhang and R. Ai, Ultrami-
croscopy 38 (1991) 343,

[6] R. Ai, D.N. Dunn, TS. Savage, J.P. Zhang and L.D.
Marks, in: Proc. 49th Annu. EMSA Meeting, 1991, p.
642.

[7] R. Ai, T.S. Savage, P. Xu, J.P. Zhang and L.D. Marks, in:
Photons and Low Energy Particles in Surface Processing,
Mater. Res. Symp. Proc. 236 (1991) 259.

(8] P. Xu and L.D. Marks, in preparation.

[3] H. Fu, Ms. Thesis, Northwestern University, 1989.

[10] P. Xu, R.F. Loane and J. Silcox, Ultramicroscopy 38
(1991) 127.



