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The behaviour of Na on 1 X 1 and 7 x 7 structures of 
Si(ll1) and its effect on the oxidation of these structures 

C Papageorgopoulos and M Kamaratos 
Department of Physin, Universityofloannina, PO Box 1186.451 IOloannina,Greece 
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Abstract Deposition of Na on 1 X 1 and 7 X 7 Structures Of Si(ll1) at room temperature 
(RT) forms a uniform layer with a rather weak metallic character. The coverage of Na can be 
determined at any time of the Na deposition by a flux meter. The binding energy of Na is 
greater on a reconstructed 7 x 7 than on the 1 X 1 Structure of a Si(l11) surface. The initial 
dipole moment and the maximum A@ arc greater for Na on the 1 x 1 structure. Near 
saturation Na coverage, the oxygen goes initially under the Na layer forming a Na-C-Si 
complexandsubsequentlyresideson topofit. The presenceofNaon Si(1 I I)causesadrastic 
increase of the initial sticking coefficient of oxygen by about ten times. When oxygen is 
adsorbed on Nu-covered Si(ll1) surfaces at RT and the system is heated to 700°C. Na is 
removed from thesurface while oxygen formsSi0,andSiO:. By repeating thiscycleseveral 
times (seven) Si02  predominates and its average thickness is about 9 A. However, this 
thickness issmaller than when Cs isused insteadof Na. Thisindicatesthat Csismoreeffective 
asapromoteroftheoxidation. However, theoxide formationoccurs at alower temperature 
than with Cs additives. Finally, the effect of Na on the oxidation of Si was almost the same 
on the 7 x 7 and 1 x 1 structures of Si(lI1) surfaces 

1. Introduction 

The promotion of oxidation of semiconductors with alkali additives is gaining increasing 
interest forthe formation of Si0,Si interfaces, which are very useful for microelectronic 
devices [l-71. Direct oxidation of Si requires relatively high temperatures (-1000 "C) 
and oxygen pressures (-1 atm) which make the formation difficult and limit the per- 
fection of the interfaces. Therefore, it is more convenient to oxidize Si at lower tem- 
peratures and pressures. Our recent experimental results suggest that the presence of 
Cs on Si(ll1) surfaces causes an increase of the initial sticking coefficient of oxygen on 
thesurface by about ten times. Whenoxygen isabsorbedon Cs-coveredSi(ll1) at room 
temperature and the system is subsequently heated to about 800 "C, Cs is removed from 
the surface and formation of SiOz takes place [8]. 

The reported studies on the enhanced oxidation of Si surfaces with alkali additives 
have been mainly concentrated on the large alkali atoms of Cs and K. A limited effort 
exists on a study of the small Na atom as a promoter of oxidation of Si. In the present 
work we study the behaviour of Na on 1 x 1 and 7 X 7 structures of Si(ll1) and sub- 
sequently the effect of Na on the oxidation of the above surfaces of Si. 
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2. Experimental procedure 

The experiments took place in an UHV chamber with a base pressure of about 5 X 

lo-" torr [9]. The study was performed with the following components: a hemi- 
cylindrical mirror analyser (HCMA) for Auger and Electron Energy Loss Spectroscopy 
(AES, EELS), LEED optics for the examination of the substrate and adsorbate order, a 
Quadrupole Mass Spectrometer for Thermal Desorption (TD) measurements and an 
extraelectrongun for Work Function (W~)measurements. All Augerdatawereobtained 
witha4 keV, 10pAprimary beamanda 10 V,,modulationvoltage.TheE~~smeasure- 
ments were made with a 105 eV. 10 pA primary electron beam and a 2 V,, modulation 
which results in an inflection width of the elastic peak of 1.5 eV. Spectroscopically pure 
O? was admitted to the system through a backable leak-valve. The partial pressure of 
O? during its admission was 1-5 x torr. Sodium wasevaporated from a resistively 
heated dispenser (SAES Getters) source and the background pressure during Na depo- 
sition was below IO-"'torr. The Na flux wasconstant at 1 2 0.1 X IOt3 cm-* s-' and was 
mcasured by a surface ionization probe. The samples were heated by passing current 
through a 0.05 mm Ta strip uniformly pressed between the sample and a Ta-foil case. 
The specimen temperature, T,, was measured by a NiCr/NiAl thermocouple spot- 
welded to the case and calibrated with an infra-red pyrometer in the 600 to 1000°C 
temperature range. The main impurity of Si(ll1) was carbon which was removed by 
several cycles of Ar+ sputtering with 500 eV and annealing at 850°C. The carbon AES 
peak was10'timessmallerthan theSi92 eVpeak. A quickcoolingoftheSi(ll1)sample 
from 1000 "C to Rr produced a '1 X I'surface structure, while a slow gradual decrease 
of T, at a cooling rate of -4 K s-' produced a 7 x 7 surface structure [SI. 
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3. Results 

3.1. Na on Si( lJ1)  surfaces 

3.1.1. L E E D ~ ~ ~  ~ ~ ~ m e a s u r e m e n t s .  The understanding of the effect of Na on the oxi- 
dation of Si requires knowledge of the behaviour of Na alone on the Si(ll1) surfaces. 

Adsorption of Na on clean 1 X 1 and 7 X 7 structures of Si(ll1) does not produce 
any extra LEED pattern. 

Figure 1 shows the curves of Auger peak heights of Na(995 eV) and Si(92 eV) versus 
Na deposition time on 1 X 1 and 7 X 7 structures of Si(ll1). Initially, the Na(995 eV) 
peaks increase and the Si(92eV) peaks of the substrate decrease linearly up to about 
100 s of Na deposition where all curves form a break. After this break the slopes of the 
Auger curves are smaller. At 200 s a second break appears and the slopes decrease even 
more and tend to form a plateau. As it is seen in this figure the variations of the above 
peaks are about the same for Na deposition on both 1 x 1 and7 x 7 structuresofSi(ll1). 

3.1.2. ~v~iiiemzfrements. Figure 2 shows the WF change versus Na deposition time on 
1 X 1 and 7 X 7 structures of Si(ll1). The wF value of a clean 7 X 7 structure is 0.20 eV 
greater than that of the 1 X 1 structure. The initial drastic decrease of the WF with 
increasing deposition of Na on Si(ll1) surfaces is a characteristic behaviour of alkali 
metals on metallic and semiconductor surfaces [6, 10-13). The important feature of 
these curves is the knee, i.e. the abrupt increase of the WF change near 100 s of Na 
deposition. I t  isnoteworthy that the kneesofthe w~curvesalmost coincide with the first 
break of the Si Auger curves in figure 1. 
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Na DEPOSITION TIME Is I 
Figure I .  Auger peak height of Na(995 eV) and Si(92eV) versus Na deposition time on 
‘1 x l’and7 x 7structuresofSi(lll).  

100 200 

Na DEPOSITION TIME Is) 

Figure2. ~~changeversusNadeposition timeon‘l X i’and7 x 7stmcturesofSi(l l l) .  

The initial slope of the WF curve and final value with Na deposition are greater on 
the 1 x 1 structure (2.7 eV) than on the 7 X 7 (2.5 eV) of Si(ll1). It is well known that 
the initial slope of the WF curve is proportional to the surface dipole moment. Thus, the 
initial dipole moment of the Na on the 1 x 1 structure is greater than that on the 7 X 7. 
This may be attributed to the fact that the 1 x 1 strucl.ure is more uniform than the 
reconstructed7 x 7structureand theaveragedipolelength ofNaon the 1 X 1 isgreater. 
This is consistent with the following results, that the maximum WF increase of 0.16 eV 
for oxygen adsorption on a 7 x 7 structure is smaller than that measured for O2 on the 
(1 x 1) structure (0.22eV). 

3.1.3. Tosmeasurements. Figure 3 shows the TD spectra of Na on Si(ll1) 1 X 1 surfaces. 
The heating rate 6 was 16K s-).  As is seen in this figure, there are three desorption 
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Figure3.~~spectraonSi(lll) I x 1 surfaces. 
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Figure 4. Area under the Na m spectra of figure 3 versus deposition lime 

peaks. PI.  p2 and p3. The low coverage peak appears at about 440°C. The p2 peak 
shifts substantially to lower energies with increasing Na coverage. Also, the low-energy 
peak p3, which appears in the region of 100°C. shifts to lower energies with increasing 
amount of deposited Na. The development of this peak occurs near 100 s where the first 
break of the Auger curves and the WF knee appear (figures 1 and 2 ) .  The TD spectra of Na 
on Si(ll1) are quitesimilar to thoseof alkali metalson metallicand most semiconductor 
surfaces [14,15]. They extend over a wide range of temperatures, in contrast to the case 
of the sharp TD peaks which are due to formation of clusters or ionic bonding of the 
adsorbate to the substrate. The TD spectra of Na on Si(ll1) 7 x 7 are quite similar to 
thoseonSi(ll1) 1 x 1,except thatthethreepeaksappear at highertemperaturesonthe 
I x 7 structure. This means that the binding energy of Na on the reconstructed 7 X I 
structure is greater than that on the 1 X 1 structure of the Si(ll1) surface. This is 
consistent with a smaller average dipole length of Na adsorbates on the 1 X 1 structure. 

Figure 4 shows the area under the Na TD spectra of figure 3 versus Na deposition 
time. As is seen in this figure, the curve is roughly linear up to 200s and above this 
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Figure 5. Auger peak height of O(520 eV) versus oxygen exposure on Na-covered Si(l11) 
1 x 1 surfaces. 
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deposition time the slope changes substantially. This curve is very interesting because a 
comparison with the Auger curves in figure 2 leads to very important information 
concerning the mechanism of Na adsorption on the clean Si(ll1) surface. For constant 
heating rate, the area under the TD spectra is proportional to the coverage of the 
adsorbate. A constant slope of this area versus deposition time implies that the sticking 
coefficient of the adsorbate is also constant. 

3.2. O2 on clean S i ( l l 1 )  surfaces 

Although the behaviour of 0, on Si(ll1) has been reported [8] it is convenient to 
mention the results briefly. Adsorption of 0, at RT on 1 X 1 and 7 X 7 structures of 
Si( 11 1) forms islands of Si04 which coexist with chemisorbed oxygen. The formation of 
the Si0,is concluded from the appearance of an Auger peak at 83 eV in agreement with 
[16]. We also found that the maximum WF increase of oxygen on the 7 x 7 structure of 
Si(ll1) is0.16 eV which issmaller than 0.22 eVmeasured For 0,011 the (1 x 1) structure. 

3.3. O2 on Na-covered S i ( l l 1 )  surfaces 

3.3.1. ~ ~ ~ ~ o b s e r v a t i o n s .  Adsorption of 0, on Na-covered 1 X 1 and 7 X 7 structures 
of Si(ll1) surfaces does not produce any extra LEED pattern. 

3.3.2. ~ ~ ~ m e ~ ~ ~ r e m e n h .  Figure 5 shows the Auger peak height of O(520eV) versus 
oxygen exposure on Na-covered Si(ll1) 1 x 1 surfaces. Both the slope of these curves 
and the O(520 eV) peak height, for a certain O2 exposure, increase substantially with 
an increasing amount of preadsorbed Na. For a nearly saturated Na layer the initial 
slope is about ten times greater than that without Na. Thus, the presence of a saturated 
Na layer on Si(ll1) 1 x 1 causes an increase of the initial sticking coefficient of 0, on 
the surface by about ten times, while for 10 Langmuirs of 0, exposure the O(520 eV) 
peak height is about five times greater than that without Na on the surface. The results 
on the 7 x 7 structure are quite similar. 
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Figure 6. (i) WF change versus lime of Na deposition on clean Si(l1 I )  1 X I at RT (broken 
curve): and (ii) w~change versus 0: exposure on Si(1 I I )  1 x I precovered with different 
amounts of Na 
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Figure 7. Full curves: TD spectra of Na after 02 adsorption on nearly saturated Na layer. 
Broken cuwc~: TD spectra of S i 0  aiter the exposure of different Na coverages on Si( I l l )  
1 x 1 to 5 litres of oxygen. 

3.3.3. wmearurements. Figure 6 shows (i) the WF change (A@) versus time of Na 
deposition on cleanSi(ll1) 1 X 1 at RT (broken curve) and (ii) the w~changesversus O2 
exposure on Si(ll1) 1 x 1 surfaces with different amounts of Na. Adsorption of Ozon 
clean Si or Si covered with small amounts of Na, below the knee, causes a small increase 
of the WF of the surface. After the knee, the WF initially decreases and subsequently 
increases. 

3.3.4. ~~smeasuremen.8. The full curves in figure 7 show a series of TD spectra of Na 
after O2 adsorption on Si(ll1) 1 X 1 which was precovered with a nearly saturated Na 
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Figure 8. WF change and Auger peak heights of Na(995 eV) and O(520 eV) versus tem- 
perature T, of a Si(ll1) 1 x I surface which was Na-covered and subsequently exposed to 
100 litresof Oz. 

layer. The heating rate was 13 K s-'. As is seen in figure 7, increasing the amount of 
oxygen on the Na/Si surface causes (a) a drastic decrease of the low energy TD Na peak 
(100°C); (b) a sharpening (decrease of width) of the Na  peak; and (c) a shift of the Na 
peaks to higher energy, while the complete desorption of Na from the Si(ll1) 1 x 1 
surface occurs at about the same temperature (700°C) independent of the amount of 
oxygen. 

The broken curves in figure 7 show a series of TD spectra of S i0  after the exposure 
of different Na coverages on Si(ll1) 1 x 1 to 5 Langmuirs of oxygen. According to this 
figure, S i 0  desorbs above 700 "C. The area under the spectra increases with an increasing 
amount of preadsorbed Na. TD peaks for the atomic masses which correspond to 02, 
Si02, SO4. have not been measured. It is noteworthy that the spectra of S i 0  are sharp 
and their peaks shift to higher energies with an increasing amount of preadsorbed Na. 
Repetition of the above measurements on the Si(ll1) 7 x 7 substrate produces similar 
results. It appears that, after the coadsorption of Na and 02, Na desorbs at 700°C while 
oxygen desorbs mainly in the form of S i0  at 8OO"C, above the comlete removal of Na. 
These results are quite similar to those of Cs + O2 on Si(ll1) surfaces [SI. 

3.3.5. Heating effects. Figure 8 shows the WF change and Auger peak heights of 
Na(995eV) and O(520eV) versus temperature T of a Si(ll1) 1 X 1 surface which 
was Na-covered and subsequently exposed to 100 Langmuirs of 02. Initially, the WF 
decreases to a minimumvalue. then subsequently increases. As the predeposited amount 
of Na increases the initial decrease is larger. The initial WF lowering could be attributed 
to the diffusion of an oxygen overlayer under the Na layer. According to the AES 
measurements (figure 8)  Na is completely removed at about 700 "C while the oxygen 
remains on the surface. As will be shown in the following paragraph, the oxyen which 
remains on the surface at T, = 700 "C is in an Si-oxide form. 

Figure 9 shows a series of E E G  spectra of Si(ll1) 1 X 1 covered with Na and 0, and 
subsequently heated at different temperatures. The clean surface shows the charac- 
teristic loss peaks of Si [17]. After Na deposition a new peak appears with an energy 
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Figure 9. A series of EELS of Si( 11 I )  1 X 1 cnvered Na and O1 adsorbales and subsequently 
heated at different temperatures. 

-31 eV which is attributed to the Na 2p level. During O2 exposure a broad peak with 
an energy of about 6 eV is developed. This peak is attributed to the 0 2p level. With 
increasing temperature above 5OO0C, the 6 eV loss peak is split into two peaks of 5 and 
7 eV. In addition, three new peaks appear at 10, 14 and 17 eV. All these peaks are 
characteristicof the S i 4  bond [16]. After 800°C the intensityof these peaksdecreases 
and at 1000 "C the spectrum of the clean Si reappears. 

Figure 10 shows low-energy Auger spectra of clean and Na + 02-covered Si(ll1) 
1 x 1 which is subsequently heated to 700°C. The 83eV and 78 eV Auger peaks are 
characteristic of Si04 and S O 4 ,  respectively [16]. The observed TD spectrum of si0 
(figure 7 )  is a product of dissociation of the above oxides. The above heating results are 
quite similar for the Si(ll1) 7 X 7 substrate. 

4. Discussion 

4.1. Na on clean Si( l l1)  surfaces 

Asismentionedin section3.1.1.. figure4suggeststhat thestickingcoefficientofNaon 
a Si(l11) surface is constant up to 200 s of Na deposition. If we assume that the initial 
sticking coefficient of Na on Si(ll1) surfaces is equal to 1 (one) and we know the value 
of the Na flux, we may calculate the Na coverage at any time of Na deposition, which is 
given by: 

~~ ~~ 
~~ ~~ ~ @ S F N ~  f ~ a  ~~ ~ 

Na - 
Nsiilln 

where S is the sticking coefficient, FNa is the Na flux which has a constant value of 
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Figure 10. Low-energy Auger spectra of clean and Na + Oz covered Si(ll1) I X 1. sub- 
sequently heated to 700°C. 

(1 k 0.1) X 10i3cm-*s-', INais the timeofNadepositionandNSi(lll)isthedensityof the 
top-most layer of the Si(ll1) surface which is equal to 2 X l O I 5  atoms From the 
above equation we may calculate the coverages: (a) at the first break point (100 s) of the 
Auger curves in figure 1, ONa = 0.5; (b) at the second break (200 s), ON, = 1. Above 
200 s the slope of the curves, in figures 1 and 4, decreases substantially. This decrease is 
attributedto thegrowth ofasecondlayer whereNaisadsorbed withastickingcoefficient 
of 0.13. As is seen in figure 2, the A@ versus Na deposition time curves exhibit a knee 
before the final formation of the plateau, which coincides with the first break of the 
Auger curves (figure 1). Similar knees have been reported for alkali metals on Si(lO0) 
surfaces 113,151. It appears that this knee is a general property of alkali metals, at least, 
on Si(ll1) and Si(lO0) surfaces. The knee is due to an abrupt decrease of the WF which 
resulted from an increase of the average dipole moment. We may consider two possible 
views to explain this knee. 

(i) The alkali adatoms form clusters from the early stages of deposition. At certain 
coverage, 0 = 0.5, there is an interaction between the neighbouring clusters leading to 
a more uniform distribution of the alkali atoms. The consequence of this is the abrupt 
increase in dipole moment. According to a related model, clustering of adsorbed atoms 
causes a decrease of the mean dipole moment per atom [18. 191. However, this view 
doesnot quite agreewith theAugermeasurements(figure 1). The change from clustering 
to a more uniform distribution of the adatoms should increase and not decrease the slope 
of the Auger curve, as happens in figure 1 [20]. 

(ii) Above 0 = 0.5 the alkali atoms must reside on different sites, which leads to 
displacements of the adatoms in such a way as to increase the average dipole moment 
and cause an additional decrease of the WF. 

The wide TD spectra of Na on Si( 11 1) surfaces and the low-energy peak ( p 3 )  in figure 
3 support the metallization of the Na layer at high coverages. 
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4.2. 0, on Na-covered S i ( l l 1 )  surfaces 

According to AES measurements (figure 5) the presence of Na causes an increase of both 
the initial sticking coefficient and the maximum amount of the subsequently adsorbed 
oxygen. 

The w~measurements(figure6)suggest that.at lowQNp,oxygenatomsarcdeposited 
on both Na-free and Na-covered areas of the Si substrate resulting in an increase of the 
WF. However, at high ON., initially oxygen atoms go below the Na layer. Most likely, 
the 0, molecules undergo dissociative chemisorption on top of the Na layer and sub- 
sequently the oxygen atoms are bound between the Si and Na forming a Si-0-Na 
complex. At thisstage wecannot precludeany Na-oxide formation. After the completion 
of a fractional or one underlayer the oxygen atoms reside on top of the Na layer. Upon 
subsequent heating of the surface the wF initially decreases (figure 8), which indicates 
that the heating provides the activation energy for further diffusion and interaction of 
oxygen. 

TDS measurements (figure 7) suggest that the presence of oxygen on Na-covered 
Si( 1 11) causes the diminishing of the low-energy TD peak, p3. which is attributed to the 
metalliccharacter, and the narrowingof t h e r o  Naspectra. In other words the presence 
of oxygen causes the demetallization of the Na layer. The Na is removed at 700 "C and 
oxygen is mainly desorbed at -800 "C in the form of SiO. For the same coverage of 02, 
the area of the S i 0  TD spectrum increases with increasing amount of predeposited Na. 
EELS (figure 9) and low-energy Auger (figure 10) spectra measured after heating the 
Na + O/Si(lll) system at 700 "C, i.e. after completely removing Na from the surface, 
indicate that oxygen forms Si02 and SOa  compounds (figure 3). With further heating 
these compounds desorb as SiO. 

C Papageorgopoulos and M Kamarafos 

The thickness of the Si-oxide was calculated from the equation 

Is ,  = Is,  (0) exp(-d/A) 
where I s ,  (0) and Is, are, respecively, the Auger peak heights of Si(92 eV) from clean 
and after heating the Na-covered Si(ll1) 1 X 1 surfaces to 700°C and which were 
exposed to 10 Langmuirs of 02; d is the average thickness of the oxide and A is the mean 
free path of electrons in the oxide which has been taken as i = 6.5 A [16] including the 
analyser geometrical factor. It has been found that d = 4 A .  Repetition of the above 
cycle, O 2  (10 Langmuirs) plus Na (1 ML)/Si(lIl) plus heating at 700°C seven times, 
causes the S i02  to predominate, as is indicated from the growth of the 78 eV AES peak, 
and d = 9 a. This thickness is substantially smaller than that when, instead of I ML of 
Na, we use I ML of Cs. indicating that Cs is more effective as a promoter of oxidation. 
However. the complete removal of Na and the oxide formation occurs at about 100°C 
lower than with the Cs additive. Finally, the effect of Na on oxidation of Si was almost 
the same on 7 x 7 and 1 X 1 structures of the Si(ll1) surfaces. 

5. Summary 

Deposition of Na on 1 X 1 and 7 X 7 structures of Si(ll1) at RT forms a uniform layer 
with a rather weak metallic character. The coverage of Na can be determined at any 
timeofNadeposition witha fluxmeter. AboveQ = OStheNaatomresidesondifferent 
sites and the deposition of Na is continuous after the completion of the first layer but 
with about a ten times smaller sticking coefficient. The binding energy of Na is greater 
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on the reconstructed 7 X 7, than on the 1 X 1 structure, of Si(ll1) surface, while the 
initial dipole moment and the maximum WFchange during Na deposition are greater on 
the 1 X 1 structure. 

Adsorption of oxygen on a Na-covered Si(1ll) surface diminishes the metallic 
character of the Na layer. Near saturation Na coverage, the oxygen goes initially under 
the Na layer forming a Na-GSi complex and subsequently resides on top of it. Heating 
provides the activation energy for further diffusiqn. 

The presence of Na on Si(ll1) causes a drastid'jpcrfase of the initial sticking coef- 
ficient of oxygen by about ten times and of the maximum amount of oxygen that can be 
deposited on the surface. When pxygen is adsorbed on I'Ja-covered Si(ll1) surfaces at 
RT and the system is heated 41 ?QO"C. the Na is removed from the surface while the 
oxygen forms Si04 and S O ,  with an average thickness of abqup.4 A. By repeating this 
cycle seven times the SiC& predominates and its average :&kness is close to 9 8, 
However, this thickness is Smaller than when instead of 1 ML pf Na 1 ML of Cs was 
used. This indicates that Cs is more effective as a promoter of midation; however, Na 
iscompletely removed from the Si(ll1) surfacesand the oxide fognation occursat lower 
temperatures than with Cs additives. 

Finally, the effect of Na pn the oxidation of Si was almost the same on 7 x 7 and 
1 x 1 structures of Si(ll1) surfaces. 

References 

[I] Soukiassian P. Gentle T M. Bakshi M H and Hyrych 2 1986 1. Appl. Phys. 60 4339 
[2] Franciosi A. Soukiassian P. Philip P. Chang S. Wall A. Raisanen A and Troullier N 1987 Phys. Reu. B 

131 Soukiassian P, Bakshi M H. Hyrych 2 and Gentle T M  1987 Phys. Reu. B 354176 
[4] Bakshi M H. Soukiassian P. Gentle T M and Hyrych Z I987 J .  Vu<. Sci. TechnoLA 5 1425 
(51 Michel E G. Oellig E M, Asensio M C and Miranda R 1987 Surf. Sci. 189/190 245 
161 Oellig E M and Miranda R 1986Surf. Sci. 177 L947 
171 Oelig E M. Michel E G .  Asensio M C and Miranda R 1987 Appl .  Phys. Lerr. 50 1660 
IS] Papageorgopoulos C. Kennou S, Foulias Sand Kamaratos M 1989 Surf. Sci. 211/212 991 
191 Kennou S.LadasSand PapageorgopoulosC 1985SurJ. Sci. 152/153 1213' 

35910 

[IO] Papageorgopoulos C A and Chen J M 1971 J. Vm. Sri. Tcchnol. 9 570 
[I I] Papageorgopoulos C A  and Chen J M 1975 Surf. Sci, 5253 
[ I  21 Papageorgopoulos C A 1982 Phys. Re". B 25 3740 
1131 WeberREandPeriaWT1%9SurfSci. 1413 
[ 141 Papageorgopoulos C A 1989 Phys. Reo. B 40 1546 
[15] Kennou S, Kamaratos M. Ladas S and Papageorgopoulos C A  1989 Sur5 Sci. 216462 
1161 Dernen J and Commandre M. 1982 Surf. Sci. 118 32 
[I71 Avci R 19863 Vac. Sci. Techno1 A 4 1400 
[IS] Albano E V, Heras T M. Schrammen P. Mann M and Hold J 1983 Surf. Sci. 129 137 
[I91 Kennou S, Ladas S and Papageorsopoulor C 1985 Surf. Sci. 152/153 1213 
1201 Papageorpopoulos C A  and Poppa H 1980 Proc. 4rh lnr. Conf. (Con,m. France) YOI 1. p 688 


