[puonbp %

i issi d that the remaining sur-
i the surface Ga atoms is missing an ‘
fac 1ntfozruzgergo an inward relaxation. Total energy calculations [48%2]
ﬁacg :hgmn that a relaxed, vacancy surface is energetically favorable for
G:Xs(lll)(z % 2) but unfavorable for GaAs(111)(2 x2).

- Tculationg_have been carried out by Nishida
[485§gf$g$ ??leitgggz?gilgaand GaAs(11T) surfaces with unlformT%'czgggac—
ted'[GaAs(lll)] and expanded [GaAs(I11)] surface atomic 1i%er2é eiif da
found the p,-1like dangling bond band to_be very c}osg to ? gove o
projected bﬁ]k e e expzngeg %???g11%%eaagp21%2;€1gi23p¥ez surface band
bulk valence band for relaxed GaAs{! . : : face,
i band which was degenerate with the proJ e
1n1Ehﬁalzzte¥h22:ef¥23iigzxare qualitatively consistent.w1th the p01ir%2§—
2gon de enaence of our (2x2) data. The uppermost occqp1ed SUffacg ieis?t
n;ar thz zone boundary showed an increase (decrease) in relative intensity

as the polarization vector moved towards the surface normal for GaAs(111)
(2x2) [GaAs{111)(2x2)].

i i - it clear that the electronic
ion, the data in Figs.48.2-4 makg it ¢ the
traztﬁgzcl$sihe two surfaces is remarkably different. The or1g1ntﬁf zgiect

Zifference must 1ie in either a diffe?en$‘iu;faiﬁ %eggiﬁr%foghége aie fre
i ing Ga and As atoms. It is Tikely tha : i
gzrlgﬁirc¥ﬁgg;n%5 evidence that the depﬁh ?gi%?e recon?irg§§1g2 deﬁh?ndgig
’ ation is greater in the case. : .
%geg iﬁagogﬁeaggigement between the bulk calculation and'the data 1Sbﬁﬁihand
c]éser for the (111) surface, allowing a C]ﬁa;ezhsepiigﬁéogugigﬁgegeatures
in the spectra. The fact tha es :
?ﬁréiﬁg(iiﬁguﬁgie]gn apgagent (1 x1) repeat whﬁre?g tg§ (5{;§%i§¥mT§t§£a;Zr
1 indicate that the (2x2) p
seen clearly for GaAs(1ll) may in e e 2 ) e mon (1% 1)
i . Although the true dispersion 1s ( s (
égsggisgéﬁl%a;azg too weaE to be seen, especially when degenerate with the
bulk bands.
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X-ray diffraction measurements have been performed with synchrotron radi-
ation under UHV conditions on the Sb rich (111) surface of InSb. This InSb

) B surface has a (3 x3) reconstruction [49.1]. The surface was prep-
ared by argon-ion bombardment and annealing at 400°C and was characterized
using LEED and high-resolution photoemission. Using X-rays incident at the
critical angle for total reflection (0.31°) we have measured the intensities

of fractional-order Bragg rods corresponding to the (3 x3) reconstruction
on the B surface.

49,1 Introduction

Standard X-ray crystallographic techniques can be applied to the study of
surfaces. In general, scattering from the bulk of the crystal will mask the
much weaker signal originating from the surface. If the X-rays are incident
at the critical angle for total reflection, then the surface contribution

is enhanced [49.2]. Marra et al. [49.3] were the first to exploit this tech-
nigue to study Al-GaAs interfaces using a rotating anode source. They sub-
sequently studied the Ge(001)-(2 x1) surface [49.4] using both the rotating
anode and synchrotron radiation (SR) and obtained two orders of magnitude
more intensity with SR. This technique has the sensitivity and simplicity

of interpretation necessary to perform crystallography on reconstructed sur-
faces and adsorbed monolayers.

At HASYLAB (Hamburger Synchrotronstrahlungslabor, DESY) on adjacent beam-
lines we have a high precision X-ray diffractometer and a high-resolution
angle-resolved photoemission system (20-200 eV) with extensive sample prep-
aration and multiple-technique analysis capabilities. By use of a transfer
cell (Fig.49.1) we can take full advantage of both facilities. The sample
is prepared and characterized using LEED and photoemission. It is then
transferred under UHV conditions (typically 2 x10~10mbar) to a small cell
fitted with a 0.5 mm thick cylindrical Be window which allows 360° access to
X-rays. Valves on the transfer cell and on the photoemission system allow
samples to be transferred back and forth easily. After removing the trans-
fer cell from the photoemission system, it is mounted on the goniometer
head of the diffractometer for the X-ray measurements.

We chose to study InSb as a prototype zinc-blende structure III-V com-

The heavy
which enable more accurate struc-

oms have large scattering amplitudes,
111)B surface (Sb rich) has a (3 x3) surface
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X-RAY TRANSFER CELL Fig.49.1. Schema of the
Y-ray transfer cell. The

beryliium window allows
360° access for X-rays to
the sample surface. The
total weight of the cell
is about 15 kg
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reconstruction, whereas the InSb(111)A surface (In rich) has a (2 %x2) re-
construction [49.1]. High-quality crystals were available from the Max
Planck Institut in Stuttgart.

49.2 Experimental

Accurately oriented, cut and polished samples were cleaned by repeated cy-
cles of sputtering with 500 eV ArT ions and annealing at ~400°C. Valence
band energy distribution curves (EDCs) were recorded at hw =30 eV to deter-
mine surface cleanliness. The quality of the surface reconstruction was
checked by observing LEED patterns at different points on the surface. It
was found that the valence band EDCs were much more sensitive to contamin-
ation than either XPS or LEED measurements. Once a sample was clean and
exhibited a reconstruction with sharp fractional order LEED spots, it was
transferred to the X-ray cell and mounted on the goniometer. The pressure
in the cell was monitored using the the jon-pump current and was below

1 % 10-9mbar at all times.

The geometry used in our X-ray diffraction experiments is shown in Fig.
49.2. The nature of SR provides good (~0.005°) collimation in the vertical
direction. The monochromator arrangement, set for A =1.5 &, gave a similar
collimation in the horizontal direction. Thus, we can choose to place the
diffraction plane horizontal and achieve high resolution in both definition
of incidence angle and in-plane diffraction. The position of the total re-
flected beam was used tor check the horizontal alignment of the sample opti-
cal surface as it was rotated through 360°.

The X-ray intensities were measured with a position-sensitive detector,
placed horizontally to resolve a 4° range of scattering angles simultaneous-
jy. Data were collected for 50 fractional-order in-plane surface reflections.
The maximum count rate was ~180 c/min obtained at the (1/3,0) surface re-
flection. For several reflections the intensity along the rod was measured
to check the two-dimensional character. Symmetry equivalents were used to

Synchrotron Monochromator
crystal

Fig.49.2. Schema of the experimental setu i

; i 4 p. The white synch iati
lisg?nOEthmat1zed by a vertical Ge(1ll) crystal. The s§m§1£ozzgga£2d}§t13n-
e t%e 3;;222:2$ai2§ t?ﬁegraz1gg angle of incidence is controlled by ti?té

) tor. position-sensitive detector (PSD i i
horizontal scattering plane. Harmonics i IR
t . are f
plated glass mirror in front of the monochro%lggied ey by & flat, gold-

. - . y T . P ] .
tio 0o time to correct fo dete oration o the surrace.

49.3 Analysis

The structure factor amplitudes |F

: t | derived from measured intensiti
were applied to a calculation of tﬁe Patterson function [4912]e?§15123 3a)

P(R) =(§; [Fel® cos(R-6)

where G are the reciprocal lattice vect i
g ors, and R is the positi i
:ngggg pLanit énterpret1ng P(R) as the pair correlation gf th;ogtggizhgo-
vectors’soﬁewggt :Eggggrpiiks (1 igd IT in Fig.49.3a) for interatomic
an in the bulk, one parallel to th i
edge and the other at about 30° to it. A rearrangement of a lgy:?1§fcille

@~

ﬁ;géggégé gz%tgagzog;eplﬁt of ﬁhe Patterson function P(R). Positive, equal-
d own. Mirror lines in the 2D indicat
dashed Tines. As a guide to the T rretor ooty
_ . to scale, dots mark Tattice vectors
%g%%)gnzg :§;];eég%siiilégénzrymede]wOf the atomic arrangementsigftﬁeb%lgb
N urface. We were unable to disti i
In and Sb atoms. Nine atoms (sh i IR M)
. aded circles), constrained
shown, have three in-plane iti ‘ e Yoo o ogmmetry
positional parameters that have b i
For reference, an unreconstructed second layer of atoms (broigg gszgnigécles)

is shown. The model is the best i i i
e S e st one obtained so far, but is only partially




surface atoms in the 3 x3 unit cell that is consistent with this and ex-
plains the remaining peaks in the Patterson function is shown in Fig.49.3b,
Least-squares refinement of these atomic positions subject to the 3m mirror
and 3-fold symmetry imposed, agreed only at the two-standard-deviation le-
vel. It is Tikely that a model with a different number of atoms and/or dis-
placements in the second layer is needed to account for the discrepancy.
Work is presently in progress to improve the quantity and quality of the
data and to investigate other models.
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