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Reconstruction of the CoGd100 surface studied by thermal-energy helium-atom scattering,
LEED, and AES

F. M. Pan} Ch. Pflitsch, R. David, L. K. Verheij, and R. Franchy
Institut fir Grenzflahenforschung und Vakuumphysik, Forschungszentriich,JiD-52425 Jlich, Germany
(Received 12 July 2000; published 13 March 2001

The surface structure of Co@®0 has been studied by means of thermal-energy helium-atom scattering
(TEAS), low-energy electron diffractiofLEED), and Auger electron spectroscofAES). A c(4X 2) surface
reconstruction is revealed by LEED and TEAS measurements. Sometimes this reconstruction is mixed with a
(/5% \/B) reconstruction, which is found to be due to a very minor contamination with oxygen. Only double-
layer steps are found on the surface. Above 500 K, the reconstructed layer starts to disorder, but short-range
ordering in this layer is still observed until 700 K. Near 900 K, segregation of Co is observed with AES. The
increase of the cobalt concentration is consistent with filling up the 0.25 ML, necessary fo(4he?)
reconstruction, to a completed monolayer at 900 K. This interpretation implies that the surface is always
terminated by Co.
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I. INTRODUCTION II. EXPERIMENT

. . The experiments have been performed in an ultrahigh

Recently much interest has been devoted to the oxides Qfycy,ym (UHV) helium-scattering apparatus at a base pres-
metal alloy surfaces because of their intrinsic S|gn_|f|c:1mceSure of 510" "' mbar. The UHV apparatus is equipped with
and possible application potentials ranging from microelecy supersonic helium nozzle beam with a quadrupole mass
tronics and heterogeneous catalysis to material sci%ncespectrometer as detector, LEED optics, AES, and a mass
Stimulated by both basic and applied potentials, extensivepectrometer for residual gas analysis. The apparatus is de-
investigations of Ga oxides on the CoGa surface have beescribed in detail in a previous papérThe energy of the
performed by means of low-energy electron diffraction He-beamEy, can be varied between 14 and 100 meV by
(LEED), Auger-electron spectroscopES), scanning tun-  cooling or heating the nozzle. The incident He beam and the
neling microscopy (STM), and electron energy-loss detector are fixed in a rectangular geometry, i.e., the total

spectroscopy-° CoGa is an intermetallic alloy ordering in a Scattering angle i+ 6;=90°, whereg; and 6; are the
CsCl-type structure with a lattice constant of 2.88 A. Theangles of the incident and scattered beams, respectively, with

. respect to the surface normal. In angular scans the polar
(100 layers have a\BAB. .. stacking sequence and con- angle of the sample is varied and consequemthand 6

sequently, it is expected that the surface is terminated by, anqe together. In the scans, the scattered intensity is shown
either Co or Ga for the bulk termination. Because the surfacgg 5 function of the momentum transfer parallel to the sur-

properties play an important role in the oxidation of the SUrface,q, = k;(sin 6—sin #) wherek; is the wave vector of the
face, knowing the intrinsic properties of the clean CoGa surHe peam. Interference curves are obtained by measuring the
faces is necessary in order to understand and control thehecular intensity as a function kf, wherek; is varied by
oxidation process. changing the energy of the He beaftemperature of the
Thermal-energy He-atom scatterinEAS) has been nozzlg. In this study, all diffraction spectréangular scans
demonstrated to be a valuable tool for investigating surfacere measured with k;=7.1A"1 (E. =26 meV)\;

structures and their ordering and disordering dynaffits. =0.89A). The energy resolutioAE/E) at this energy is
In this work we have studied the surface structure and mors 294 according to time-of-flight diffraction measurements.

phology of clean CoGa00 with help of TEAS in combi- The CoG#100) single crystal was cut by spark erosion
nation with LEED and AES. It has been well established thatnd polished mechanically. It was oriented with an accuracy
the atomic surface structure of alloy and compound crystalgetter than 0.5°. AES measurements showed that the main
may differ from that in the bulk. For instance, the surfacejmpurities were oxygen, carbon, and sulfur. Heating the
reconstructs in order to stabilize the surface by reducing thgample in an oxygen atmospherBd,~1x 10 % mbar) at
surface engrgﬂr? The CpGailOO) surface S“OV.VS 3(4*.2) 800 K leads to the oxidation of the carbon and sulfur impu-
reconstruction. Sometimes, one observes in additigh ( yijes. Further annealing at 1070 K for 8 min leads to the

x\5) reconstructior® In this work this reconstruction is gesorption of the oxides and produces a clean ChG
found to be induced by a very low contamination of oxygengrface.

below the detection limit of our AES system. Thé4 X 2)

reconstruction, characteristic for the clean CAIB4) sur- Ill. RESULTS AND DISCUSSION
face, is found to disorder between 500 and 700 K. Above
800 K a compositional change of the surface is observed tha
indicates that the CoGa00) crystal is terminated with a Co Figure 1 shows the LEED pattern for the clean
layer. CoG4d100 surface at room temperature. Besides the main

tA. Surface structural characterization by LEED and TEAS
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FIG. 1. (@@ LEED pattern of the CoGa00 surface, E > .
=88eV. (b) Schematic presentation of the LEED pattern. The two e 10
rectangles show twa(4x2) domains, oriented normal to each 2 10° [012]
other. The solid circles represent t@,0, (+1,0, (0,+1), and = (774,772 (1/4,1/2) b
(*1,%1) diffraction spots, while the open circles correspond to the £ 10} —
extra diffractions of thec(4X2) reconstruction(c) Real-space % s ( (12,1
model of one domain of the(4X2) reconstruction. The solid & 10
circles represent adatoms of one kif@b, see Sec. Il } the open 102 (3/4.3/2)
circles represent the underlying layer consisting of the other kind of
atoms(Ga). 10"
diffraction spots of an unreconstructedX1) surface, extra 4 3 -2 -1 0 1 2 3 4
diffraction spots are found, which corresponds toc(@ q, (A"

X 2) reconstruction, with two domains that are normal to
each other. A real space model of one of the domains of the F|G. 2. He-diffraction spectra of the Co@®0 surface along
reconstruction is shown in Fig.(d). The reconstruction is the: (a) [001] and (b) [012] direction. The arrows iib) indicate the
schematically illustrated in Fig.(f) in the reciprocal space, (y5x+/5) reconstruction.
where the solid circles represent the main diffraction spots
[(0,0,(x1,0,(0,£1),(x1,+1)], and the open ones result found that the additional peaks in the helium diffraction
from the two domains of the reconstructed structure, e.g., iRpectrgarrows indicated in Fig.(®)] disappear after several
the [001] direction the(0,3) and in the[012] direction the cycles of sputtering and annealing, indicating that th& (
1,3) and the &,1) spots. % \/5) structure is related to an oxygen contamination of the
The structure of the CoGa00) surface is also studied by crystal surface. However, oxygen could not be detected by
TEAS. We have performed angular He-scattering scans a&ES on the surface, so thg/5x /5) diffraction peaks are
different azimuths from 0° to 45° in steps of 0.5°. Consider-induced by a very low oxygen concentration. The5(
ing the symmetry of the surface this procedure explores the /5) structure has been found previously by LEED and
surface morphology in all azimuthal directions. The resultssTM® Figure 3 shows a STM image of the clean
show the same diffraction distributions as LEED does. Fig'COGE(lOO) surface with a scan width of 320320 A2. In
ure 2 shows the diffraction spectra of TEAS from the this figure domains with the(4x 2) reconstruction are rep-
CoG4100 surface along two principal reciprocal directions esented by rectangles and th@5(x \/5) reconstruction by
[001] and[012]. The diffraction distributions are consistent he square. The white dots that form the reconstructions are
with the c(4x2) structure. . interpreted as adatoniss illustrated for the(4x 2) struc-
Since we use a fixed rectangular scattering geomely ( ture in Fig. 1c). The corrugation in the reconstructions in as
+6;=90°) in our experiment, the momentum transtgr  far as it can be resolved by STM is 0.3 A. The black dots in
corresponding to the diffraction peaks is relatedtand the  the STM image are interpreted as oxygen atoms adsorbed on
periodicity a of the surface as the surfacé.
) The quality of the surface cakrj1§b<198characterized in terms of
o : _ . _Nem the width of the diffraction peaks. *®For instance, the step
A= ki(sin 8¢ —sin ;) =ki(cosé; —sin 6;) = “a ' (@) density (mean terrace widbhcan be estimated from the full
width at half maximumA g of the specular peak. According
wheren=0,1,2 ... andk; is the wave vector of the incident to the specular peak profile in Fig. 24=0.021 A", which
helium beam. The positions of the diffraction peaks in Figs-corresponds to a terrace widtK(= 27/Aq) of about 300 A.
2(a) and 2b) agree within 0.3% with the expected positions T4xing into account the transfer width of the apparstasd
for the c(4x2) reconstructed structure of the Cd®@0  ¢rystal imperfections, we can conclude that the mean terrace

surface. o , width is at least 300 A.
The curve at the bottom in Fig.(l?) is measured on

CoG4100 after oxidizing the surface and subsequent an-
nealing at 1070 K. After annealing, no oxygen is detected
with AES. In comparison with the other diffraction curves, Interference curvegsee Sec. )l contain information on
additional peaks are sedindicated by arrows These dif- step height and layer distributid When changing the ver-
fraction peaks correspond to a/§x/5) structure. It is tical component of the incident He wave vectby varying

B. Surface steps and terrace height
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surfaceq, is varied by changing the energy of the incident
He beam. In principle, the step height can be easily derived
from the distance between two neighboring interference
peaks. Information on the layer distribution can be obtained
from an analysis of the shape of the interference curve. In
practice the situation appears to be more complicated, as is
already clear from the observation that the distance between
the first and the second maximum in Fig. 4 is not the same as
the distance between the second and the third maximum. The
reason seems to be that multiple scattering effects, such as
selective adsorptioff, cannot be neglected. Indeed, several
fine dips and peaks, superimposed on the main peaks, are
observed, which suggest that selective adsorption takes
place. Therefore, we have analyzed the curve in Fig. 4 in
more detail only at the higher beam energies, where the in-
fluence of such effects should be less.

For the analysis, we used a simple model that assumes
coherent overlap of plane waves emerging from different ter-
ra)lﬁg: levels. The scattered specular intensity is then given
b

]

E a.e_ij(P(Qi)
=

FIG. 3. STM image of the CoGa00) surface at atomic resolu- 2

tion showing thec(4x 2) (rectanglesand the (/5% \5) (square 1(q)=10e “Fi
reconstructions. Reproduced from the Ph.D. thesis of G. Schmitz
(Fig. 4.7 (Ref. 13.

()

Here |, is the specular intensity from an ideal surface
the incident ang|e or the energy of the He b&aﬂne diffrac- without StepS. The first exponentials decay term attributes to
tion intensities will oscillate due to the alternating in-phasethe Debye-Waller effedt a; is the visible fraction ofjth
(constructivé and anti-phasédestructive interference of the  level terrace an@(q,) the phase shift as defined in B@).
atom wave scattering from neighboring terraces. Maximal he solid line in Fig. 4 represents the best fit of the experi-
and minima of the specular intensity are observed when thgiental results using Eq3).

phase shift meets the condition The surface step height is determined to be 2.85 A which
agrees quite well with double layer steps on the clean
¢=2dk; cos9;=dq, =n2, (20 CoGd4100 surface. This result is also supported by STM

investigations as shown in Fig.’6The STM image taken at
where d is the step heightn is integer for in-phase and 300 K with a scan width of 360360 A2 shows an area of
half-integer for anti-phase interference and is the wave  the CoG#&100) surface with a high step density. Two neigh-
vector transfer perpendicular to the surface. boring terraces are always separated by double atomic steps.
Figure 4 shows the interference curve measured on thehe fact that the terraces are separated by double atomic
clean COG@.OO) surface. The wave vector normal to the Steps Strongly Suggests that Only one of the two possible
surface terminations, i.e., a Co or a Ga layer, is stable. Using
5x10° T T o ' ' this step height, the first maximum in Fig. 4 should be found

experimental
at 8.8 A1 i.e., at the position of the small shoulder seen in

calculated

3

& ixtotl the curve and about 0.2 & below the main maximum.

g The layer distribution obtained from fitting Edq3) is

£ o shown in Fig. 4 as inset. Within the transfer widdbout 400

5 10 A) of our helium-scattering equipment, three terrace levels
g are present. The coverage of these layers is shown in the
D 2x10%] inset. The visible fraction of the layers iay=100%

—7.81%~92%, a;~7%, and a,~0.7%. Though, one
should consider this result with care because of the simplic-
q, (A" ity of the model, it does indicate that the clean C(IR®)
surface is quite flat.

FIG. 4. The specular intensity as a function of vertical momen-
tum transferq, of the He beam. The measurement is performed
along the[001] azimuth. The experimental datapen circley are
fitted for values between 10.2 and 13.6 A(solid line) assuming In order to study the temperature dependence on
that three surface layers are visible to the helium beaithin a ~ CoG&d100) surface structure, angular scans have been mea-
distance equal to the transfer width of the appapatlibe inset sured for surface temperatures from room temperature up to
shows the coverage of the three layers as obtained from the fit. 900 K along the principal001] and [012] azimuths, as

C. Temperature dependence of the surface structure
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FIG. 7. He-diffraction spectra, measured along [b&2] azi-
muth of the CoG@LO0) surface at different surface temperatures.
The arrows indicate diffraction peaks form a coexiste/&X v/5)
surface reconstruction, which originates from a very low oxygen
contamination.

temperature dependence of the specular p€ak quantita-
tively. From the dependence measured below 400 K, an ef-
fective Debye-Waller(DW) factor, i.e., the DW factor as
seen with He scattering, can be determined, which is used to
correct the specular intensities measured at higher tempera-
tures.

The DW factor is defined as ?V(M=|(T)/l,, and a
shown in Figs. 6 and 7, respectively. At low temperature thesimple expression ofV(T) is given by>**
surface is stable as observed from LEED and TEAS. Be-
tween 400 and 500 K, the peakindicated by arrows in Fig.
7) related to the (5x/5) reconstruction disappear. The
c(4x2) reconstruction is still stable in this temperature
range. The half-order peak8,+3) (Fig. 6) and(1,+3) (Fig.

P

FIG. 5. STM image of the CoGa00) surface showing steps
with a height of ~2.9 A. The scan area is 38®60A?, |
=0.9nA, U=1.26V. Reproduced from the Ph.D. thesis of P.
GassmanriFig. 7.4 (Ref. 22.

12m(E; cog 6;+D)T
MkgO3

W(T)= 4

Heremis the incident particle masB, the well depthBeeby

7) decrease somewhat faster than the specular peak does, 50t rectiort?), which is typically 5-8 me\” M is the mass of

they remain clearly visible. Upon heating the sample to 60 surface atorkg the Boltzmann constant, ardl, the sur-
K, the half-order peaks disappear, whereas(thg+ 1) (Fig. face Debye temperature. Figure 8 presents the specular He

7), the(0,+1) (Fig. 6), and the specular peaks are conserved!mensny as a function of the surface temperature between

: - 100 and 500 K. From the best-fit of this curve, we get
We interpret this as a loss of long-range order of tiié = 4 '
X 2) reconstruction. On a short range, however, the order OfW(Tf)—(gJéO.g())X 107°T. Tr:f su:factﬁ_ DeDb\yl/Ve ]:ten;lper_a-
this structure is conserved, as shown by the braag = 3) Lér1e4+%r Kq éﬁ ) correfsgon ing to. |sf h acfor IS
peaks(Fig. 7) that remain clearly visible up to 700 K. (214+6) K in the case of Co termination of the surface or

Between 800 and 900 K the first-order diffraction peaks(197=5) K in the case of Ga termination. .
disappear, whereas the specular peak remains clearly presentcorlreCtecj |Ior the IfDebye-WaIIer effept, :]he intensity of the
even at this high temperature. In order to elucidate the highSP€cular peak vs surface temperature in the range 300-900 K

temperature behavior in more detail, we have measured tHg Shown in Fig. 9. Itis interesting to note that the specular

i i i - 1.0x10° T T T y .
—_ o7 (0,0) 2 .
4\2 6 ©.72) 0112 o o0 € A &  experimental
(0.112) S
€ 10k ° a calculated
2 8
> >
2 10°L £
c x128 7]
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LAY g Nt N o £
o * \”‘"‘M 500K &
£ XX'Z w 800K g
2 10°L, 4»«“’””‘”’/\‘“ o) 700K 8
@ B et T4 so0K o .
* u 50K 9 2.0x10° 1
102 N N L L X , 900K I I I I I
8 2 4 0 1 2 3 100 200 300 400 500
q|| (A7) Temperature (K)

FIG. 6. He-diffraction spectra, measured along [A81] azi- FIG. 8. Specular intensity as a function of sample temperature.
muth of the CoG&L00) surface at different surface temperatures. The solid line is the best-fit of the experimental resyitmangle.
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FIG. 9. Debye-Waller corrected specular intenslty, vs
sample temperature for the Co@&a0 surface. Two data sets are FIG. 10. AES peak-to-peak intensity ratio of €675 eV) and
shown, measured in tHe01] (1) and the[012] (V) direction. Ga (1070 eV as a function of sample temperature.

intensit ted for the DW att id . temperature. Consequently, we conclude that the relative
|n.tehn:.s| y correcte olr te ? enuahl Borr mclzeta;]ses amount of surface Co increases between 850 and 900 K.
with increasing sample temperature, whereas afl theé non- e ¢4 enrichment can be explained in terms of a simple

specular peaks, even after correction for the DW effect, der'?odel. CoGa is an intermetallic alloy ordering in a CsClI-

crease with increasing temperature. Although the increase ?ype structure and theL00) layers have amBAB stack-
lcorr SEEMS tO indicate that some kind of ordering is taking o

) ) . . . ng sequence. The reconstructe(d X 2) topmost layer is
place, it can also be ex_pIamed in terms of Filsorderlng of tr."%lssumed to consist of 0.25 ML of either Co or Ga. Heating
reponstructed sprface, l.e., In agreement W'th the gxplanatlome surface above 900 K results in a surface with a different
given for the disappearance of the other diffraction peaksbut again well-defined composition. Since the surface does

With respect to specular scattering, one can COUSider th ot show any evidence for a superstructure, it seems very
CoG4d100 surface as a flat and hardly corrugated first Iayerm«_:‘Iy that this new phase consists af1x 1) structure. As

with an orderedbelow 500 K or disorderedabove 500 K the surface is enriched with Co above 900 K, the surface

overlayer of 0.25 ML. If the overlayer is ordered or if the layer can only consist of Co. Thus, according to this simple

area around an atom with disordered surrounding, WhIC'?nodel, we only have to consider the phase transitions from a

scatters the He atoms diffusely, is smaller than the area of thgurface terminated with either 0.25 ML of Ga or Co to a
unit cell in the reconstructed overlayer, then there is no over .

| t such “diff teri " In that surface terminated with a complete Co layer.
ap ot suc fuse scatering areas.” In that case one can - rpo Apg intensitied co and l g, from the reconstructed

argue that the so-defined “diffuse scattering area” does no L .
contribute to the specular diffraction peak, i.e., it contributesgurface can be calculated in first approximation by

either to the diffuse background or to the nonspecular dif- _ 0 _ _

fraction peaks. When the overlayer is ordered, these areas do o=l coF (Ecollat(1-a)exn~dealAco)]

not overlap, so the sum of these areas is the maximum whichnd

is possible. Upon disordering of the overlayer, some of the

diffuse scattering areas will start to overlap, so that the area IGazlgaF(EGa)[l—a+a exp(—dco/Nga) - 5)

(of the first layey, which contributes to specular scattering, 0. , .

increases. Thus one expects the specular intensity to increasre!” is the AES signal from the pure bulk(Ecocd is a

upon disordering in this specific case. fpnctlon of the Co(Ga) Auger elec_tron energw is the 'rela—
At around 800 K, has a maximum and starts to de- tive amount of Cdin terms of_ML) in the overlayer or in the

crease above this temperature. However, in that temperatuféSt layer not covered by Gal,is the thickness of a Co or Ga

region also a change in the surface composition is found, aQverlayer, .and\ the inelastic mean frge path of electrons. For
discussed in the next section. a Co terminatea (4 2) structure(with 0.25 ML Co over-

layen a=0.25, and for a Ga terminatez{4X2) structure
(the first Co layer is covered by 0.25 ML Ga=0.75. After
D. Co segregation to the surface at high temperature the phase transition to the Cokll) surface, the respective

Information on the surface composition of the CoGz0) AES intensities of Co and Ga are

crystal can be obtained by measuring the intensities of the 1L =19 F(Egy)

Co (775 eV) and Ga(1070 eV} Auger transitions. Figure 10 Co™ 'Co' 1 =Co

shows the peak-to-peak intensity ratio of the @@5 eV) and

and Ga(1070 eV transitions. In the temperature range 300—

800 K the ratio is constant. An obvious enhancement of the 1 |0 —

AES signall ./l g, is observed between 850 and 900 K. 'ca=lod (Eed exp(~ deolMea) ©
Above this temperature, the ratio stabilizes again at a newhe ratio ofl ./l g measured after and before the enrich-
level. The experimental results are reversible with respect tment is then equal to
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ledlea  a+(l—a)exp(deo/Agy) speculate that it is related to the lower free energy of a hcp
L At (1—a)exs —dodheg (7)  Co(000)) surfacef[or a fcc Cq111) surfacé relative to both
Co’ Ga Ga' % Co a Ga terminated surface and to a bc(IDf) surface. Ac-
Taking the same thickness for the Co and Ga layersgording to this idea, bonding of the Ga surface atoms to one
1.44/cosB) A, where B=42° is the detection angle of the Co atom on top would be sufficient to reduce the surface
AES system, and assumings,=(Eca/Eco ¥\ co, We get  energy below the surface energy of a bco1D8) surface.
Aco=14.7+3 A in the case of Co terminatiora&0.25) and ~ Since thec(4x 2) reconstruction of the CoGa surface may
Aco="5.0+1.5A in the case of Ga terminatioa€0.75) ifa  also be seen as a distorted7(/7) reconstruction relative to
change of 1.20.05(Fig. 10 is inserted in Eq(7). Accord-  a hcp C@¢000)) surface, one could see tlg4<2) recon-
ing to Seah and DencH the mean free pathc, for 775 eV struction as the beginning of the formation of a stable Co
electrons is 12.5 A with an estimated accuracy of aroundsurface. For reconstructions with a larger density, the misfit
30%. Consequently, we conclude that our AES results esselretween the C@®001) surface and the CoGa surface would
tially exclude the possibility that the(4xX2) CoG4100 become too large to result in a further lowering of the surface
surface is Ga terminated. energy.

Another model for the crystal structure at room tempera-
ture that could explain the Co enrichment observed with IV. CONCLUSIONS
AES would be a crystal terminated by a Ga layer of which
0.25 ML is replaced by Co. The mean free patk, corre-

sponding to the observed increase of the AES signal woul

be 10.5-2 A if it is assumed that this surface reconstructs to (42) surface reconstruction of the CoGa surface is found
a Co terminated surface at 900 K. It is clear that our AES which is sometimes accompanied by\5é< \/—) reconstruc-

ion. Thec(4X 2) reconstruction is found to be characteristic
measurement cannot exclude this possibility. However, suc

a structure with 0.75 ML Ga and 0.25 ML Co in the outer- 10" the clean surface. The/gx 5) structure is probably
most surface layer seems to be only compatible with th ue to an oxygen contamination with a concentration below

STM and the He-scattering experiments if a relatively large hirﬁetricrt'onn l'r::t of orur rr?li? Syhsu\jvn:ﬁ vidence for doubl
outward relaxation of the Co atoms is assumed. Without erierence measurements sho € evidence for double-

relaxation of at least several tenths of an angstrom, on yer steps, which indicates that the surface is always termi-
would not expect to observe, on a metallic surface, a corru? hated by the same atomic species. In the temperature range
gation of 0.3 A between atoms, which are very close to eacR]etween 500 and 700 K an ordgr disorder phase transition of
other in the Periodic Table and are only 2.88 A apart in thé€ reconstructed(4x 2) layer is observed. At 700 K some
surface(Figs. 3 and b Also the large first-order diffraction short-range order still remains. Between 850 and 900 K a
peak, which is about half the height of the specular peak second phase transition is found, in which the composition of

indicates that the corrugation is much larger than could b‘%he surface changes: About 0.75 ML of Co segregates anto

expected for a metallic surface with interatomic distances o he surface. At this temperature, the surface matches a tran-

2.88 A. For instance, on a copper surface the intensity of th ftion from a very disordere¢(4x2) reconstruction to a .
first-order peak in th€100 direction (interatomic distance 1x1) §urfa_10e that seems to be composed only of Co. This
=3.6A) is only 5% of the specular intens. conc_lusmn implies that the Co@0 surface is also Co
Our result suggests that the CqG@0) surface is always terminated at the lower temperatures.
terminated by Co, probably as a 0.25 ML on top of a Ga
layer, but possibly as a 0.25 ML sticking out of a Ga layer.
Though one needs total energy calculations to show what the This work was supported by the HGF project—
reason is for the stability of this reconstruction, one mayMagnetoelectronics.

The structure of the CoG&00) surface was investigated
y means of TEAS, LEED, and AES. At room temperature a
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