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Measurements with Standing X-ray wave-f ields were carried out for the f irst

t ime under UHV condit ions. D i f f i c u l t i e s which were predicted for such measure-

ments before were aolved by using Synchrotron X-radiat ion. The ( I I I ) Fourier

component of the d i s t r ibu t ion function of l ML Br on a S i ( l l l ) - ( I x l ) surface

was determined and reveals a Br position of 0 .64 • d u i perpendicular to the

( I M ) planes, which favours a threefold ionic adsorpt ion site. This adsorbate

geometry d i f f e r s markedly from the Br on-top posit ion on a chemically prepared

surface.

The f e a s i b i l i t y to detervine aur face struc-

tu res wi th Standing X-ray wave-fields (SXU) was

demonstrated by Cowan et a l . in I9601 . As was

shown in this f i r s t paper. the r e s u l t s of such

e x p e r i m e n t s reveal va luab le I n f o r m a t i o n abou t

adsorption sites of foreign atoms on single

crystal surfaces. However , the use of conventio-

nal X-ray sources s t rongly Hmited the f ie ld of

these measurements. The successfu l appl ica t ion

of Synchrotron radiat ion , d e m o n s t r a t e d that

short measuring t imes ( m i n u t e s ) can be realized

with a very high local precision (~ 0.01 A). This

is essential for studies of well de f ined sur face

s t ructures , to m i n i m i z e contamination problems.

Very small amounts of coverages (down to 6 *

10 atoms/cm 2 ) 5 were studied äs w e l l , and the

s p e c t r u m of poss ib le Subst ra te single crysta ls

was broadened by using Ge and Cu . This paper

reports about the f i rs t successful study of an

adsorbate under u11ra-high vacuum condit ions.

Again, the l imi ta t ions posed by using a f ixed

wavelength character is t ic X-ray line were over-

come by applying advantageously the free choice

of wavelength f rom the white spectrum of

Synchrotron rad ia t ion .

The standing X-ray wave-field i s excited

d u r i n g B r a g g re f lec t ion , äs an interference bet-

ween i n c i d e n t and r e f l e c t e d beam. The spatial

per iodic i ty of (bis f i e l d is the saa» äs the

d i f f r a c t i o n plane spacing. The phase d i f f e r e n c e

between the d i f f r a c t i o n planes and the s tanding

X-ray wave-f ie ld is a func t ion of the ref lec t ion

angle and changes by about n over the angular

ränge of a strong Bragg-reflect ion. Thus, if the

E-field nodal-planes coincide at a given angle

wi th the d i f f r a c t i o n planes, t h e y move to the

Position h a l f w a y between planes when. the Bragg

ref lec t ion condit ion is passed. The measurement

of the f l u o r e s c e n c e yield which is proportional

to the local f ie ld in tens i ty , äs a func t ion of

ref lect ion angle 9 contains therefore In fo rma-

t ion about the site of these atoms relat ive to

the d i f f r a c t i o n planes. If only one position is

occupied, a maximum in the total X-ray f luores-

cence y i e ld f rom the adatoms w i l l be observed,

when the anti-nodes of the s tanding wave-f ie ld

and the atomic posi t ions coincide . In general

cases, a measurement w i t h r e f l ec t i on H reveals

the H-Fourier component of the a tomic d i s t r ibu -

tion funct ion along the H di rec t ion .

Several measurements of B r o m i n e on chemi-

ca l ly prepared ("real") ( I I I ) S i l i con surfaces

uere reported p r e v i o u s l y * ' 3 * B . Real surfaces in

this context tneans that the experiments were

done under normal pressure and tha t the su r f ac e

was not f r ee f r o m con taminan t s . In these s tud ies

Bromine was adsorbed on a Syton po l i shed s i l icon



surface, out of a Br-Methanol solution. The

maximum .total coherent coverage reached was

about 10 atoms cm corresponding to 0.2 mono-

layer . These experiments revealed an adsorption

site of the Br at single-fold covalent on-top

positions on an otherwise bulk-like outermost Si

layer. The ques tion whether another coherent

Position of a Br minoricy was hidden in the

fraction of atoms assumed to be distributed in-
2

coherently was already raised but could not yet

be answered.

The tneasurement was carried out at the In-

strument ROEMO of the Hamburg Synchrotron Radia-

tion Laboracory HASYLAB at DKSY. Fig. l shows

the experimental arrangement. The proper energy

band of sync.hrotron radiation from the storage

ring DORIS uas selected by a double crystal

monochromator, operat ing in a vertical reflec-

tion plane. The second crystal was asymetrically

cut, to obtain a small angular divergence . Both

crystals were mounted on goniometers equipped

with piezo-electric elements for angular fine

tuning. The monochromatic photon flux was moni-

tored by an ionization-chamber and normalized

on-1ine to the current of the storage ring. The

reflectivity of the monochromator was kept con~

atant by using the normalized Output and a feed-

back control System coupled to the piezo-

crystal of the first monochromator crystal. The

crystal reflection curves {rocking curves) were

measured by sweeping the angle of the second

crystal linearly back and forth across the

reflection ränge of the sample. The stability

and linearity of this sweep was tnaintained by a

capacitance type dis tance measuring System,

coupled to a micro-angle servo control unit 1 1.

In order to avoid the need for angular fine

tuning of the sample crystal in UHV, the

measurement of the rocking curves was done by

rocking both monochromator crystals simul-

taneously. The joint action of the two feedback

Systems assures, that the relative alignment of

the monochromator crystals is kept constant,

while their emittance function i s swept across

the sample reflection curve by slightly changing

the photon pass-energy. This procedure which is

described in detail in ref. 12, provides the

highest possible flexibility for the monochroma-

tor design äs well äs for the sample environ-
ment.

The monochromator i s operated unde c normal

pressure. The monochromatic beam, which enters

the UHV-chamber through a ß-4 mm thick beryllium

window, was reflected by the sample under Bragg-

condition and left the chamber behind the second

window. The f l.uorescence of the sample was re-

corded by an energy-d ispers ive solid-state

Si(Li)-detector. Since this detector was not

constructed t o operate undcr UHV condit i ons , a

third Beryllium window with a thickness of 0.05

mm was mounted sideways close to the sample such

that the Si(l.i) detector looked on to the sample

in the direction of the horizontal E-field

vector of the Synchrotron light.

The sample was mounted in the vacuum cham-

ber on a one circle goniome ter, to set the

proper reflection angle with an angular preci-

sion of 10 arc. min.. Note, that this precision

is sufficient since the wavelength can be chosen

by the monochromator. The sample can be trans-

fcred to a second manipulator and moved in front

of a comh ined LEED/Auger spec trometer for sur-

face analysis. Cleaning of the sample can be

done either by Argon-ion sputtering or by

heating the sample with a direct current.

Deposition of Br on the sample surface can

be done either through a fine-dosing gas inlet

ualve or by an electrolytical AgBr cell. In the

latter case, Br can be released in controlled

doses by measuring the current through the

c e l l 1 3 - The vacuum System operates at a pressure

down to 2 • 10 B Pa.

The first measurements were done on a Sili-

con( l M )-( I x l ) surface, covered with (l 4_ 0.25)

monolayer of Bromine. The total coverage was

determined by measuring the Br fluorescence

yield relative to the Si K yield from the sub-

strate. Immediately before the Si crystal was

inserted into the vacuum System, oxide layers

were removed from the surface by an HF-etch.

Subsequcntly, the surface was cleaned hy heating

the sample in a ränge 1000 to !300°C at a

pressure less than !0 Pa, until a (Ixl) LEED

pattern way observed- An Auger electron analysis

showed afteruards, that the remaining contamina-

tion was mainly due to carbon.

The result of the standing wave measurement

i s shown in t'ig. 2. The total Brom ine K^

fluorescence yield is plotted versus reflection

angle. The reflectivity o£ ihe sample is also

shown for comparison. A photon exe itation energy

of U keV was cl;oscn close to the Er K ab-

sorption edge at 13.5 keV to maxlniize the

f luorescenci: eniission. This energy, however, is

sufficiently high to separate in Ihe spectrum

the thermal diffuse scattering peak and the in-

e las t ic Complor, peak from the Br fJuorescence

peak. The best fit of the experimental data to a

model which assumes one adsorption site plus

randomly dislribuled atoms is obtaineü with a

coherent fraction 0.35 i_[).02 of atoms occupy-

in>! a posilion of (0.64 i 0.0 ! )dj j ; , whcre d,]|

= 3 - l ^ t Ä is the spacing o f tbe S i ( i l i ) diffrac-

Licn planes. This rt.-B\il[ shows, that Eromine is



in the present case not adsorbed at the position
on-top of a bulk-like outermose surface Si atom,
äs was observed in earlier experiroents2'3lB.

Inferring a Si-Br covalenc bond length of 2.18 Ä
from SiBri,1'*, gives for the on-top site a

coherent position of 0,82 • d|]].

The result which was obtained under UHV-
conditiona can be due to the different prepara-
tion of the sample, which for example may cause

a Si surface relaxation. Another possible
explanation ia that a phase change occurs when

going to higher Br coverages. Measurements done
on the same adsorbate at lower coverages shoued

only a low coherent fraction, which may indicate
a coexistant mixture of sitea.

Fig. 3 shous a model of the (Mi) surface

looking along [772].The measured position 2.01 Ä

i a indicated by point-dashed lines. The dashed
circle is centered at thia diatance above an

open threefold coordination site and illustrates
the close agreement betweeo the measured adsorp-
tion aite and a model_ in which Bromine is ad-

sorbed ionically äs Br with an ionic radius of
1.96 Äl<t. The measured coherent coverage of 0.35

ML is also in agreement wich this model which
allowa at most one third of a monolayer to be

adsorbed äs long äs adjacent sites are not

occupied due to steric hindrance or electronic
repulsion6.

No distinction can be made from our present

data between the Chreefold open site (Fig. 3),
ehe threefold eclipsed posicion above an atom of
ehe second Si layer or a corresponding inner

site below the aecond Si layer (lower point-

dashed line in Fig. 3). As indicated by recent
düster calculationsls all three posicions can
play a role for ehe adsarption proceas of halo-

gena on Si(lll). This question, however, can

presumably be solved by coverage dependent
measurements and by sCudying the geometricaL Br
Arrangement parallel to the ( 1 1 1 ) plane2'8.

The present work has demonstrated thae UHV
measurements with Standing X-ray wave-fields can

be carried out routinely by using Synchrotron
radiation. This was demonstrated for an adsorbed
Br monolayer on a clean Si{11 ])-(Ix l) surface

revealing that Br occupies ionically sites which
are different from the covalent on-top position

on a chemically prepared surface. This method

Cherefore provides the mean to compare adsorbate
sCructures in. UHV with interfaces kept in an

atmosphere under normal pressure or inside a

liquid.
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