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3C-SiC(001) exhibits a variety of Si-rich surface reconstructions, when prepared under 
adequate conditions [1]. These phases are of the general form [(2n+1)x2]. The (3x2) structure 
has the smallest unit cell of the series [2]. These systems have deserved attention during the 
last few years due to several reasons. First, these reconstructions exhibit long atomic chains 
forming in some cases true nanowires on the surface [3-5]. Second, the atomic arrangement of 
the reconstructed surface is not known, and it involves several atomic layers subject to 
significant deformations. While different surface sensitive techniques have been applied to 
investigate the nature of the (3x2) reconstructions, there is almost no structural information on 
its atomic structure, besides the lateral atomic distribution as provided by STM [2].  

 
In this communication we describe the structure of the 3C-SiC(001)-(3x2) surface 

reconstruction using the information provided by x-ray photoelectron diffraction (PED) [6]. 
The outgoing wave field in a photoemission experiment is diffracted by atoms in the vicinity 
of the emitter. This phenomenon is used in the PED technique. We refer the reader to Ref. [6] 
for more details. The experimental intensity modulations were compared in this work with the 
results of a suitable scattering formalism that simulates the measured PED by modeling the 
structure of the last atomic layers [7]. A spherical-wave multiple-scattering cluster formalism 
was used to reproduce the data and discern the correct surface structure of Si-rich 3C-
SiC(001)-(3x2), obtained from a systematic search between the models proposed in the 
literature [2,8-12]. We used a cluster of more than 2000 atoms, with a mean-free-path 
dependent attenuation of the electron yield, calculated according to Ref. [13]. Simulated PED 
patterns were generated with emitters at symmetry-inequivalent sites in the first to seventh 
topmost interface layers. We have simulated two-domain samples, corresponding to 180º 
rotation. The Si and C muffin-tin scattering phase shifts were used. The quality of the surface 
model is judged on the basis of the agreement between theory and experiment, that is 
measured by the figure of merit R1 [14]. R1 also allows to know the sensitivity to the different 
parameters and to optimize the atomic structure. The surface model is modified until a good 
value of R1 (< 0.04) is reached. Atoms in the layer underneath dimerize as well, with 
alternating long and short bond lengths. The long-and-short alternateness between dimer bond 
lengths explains the top dimmer asymmetry along one single direction. The dimerization 
takes place through lateral relaxation, without large vertical distortions. The third atomic layer 
is also dimerized, with a dimer bond length of (2.43 ± 0.10) Å. We conclude that STM and 
GIXRD experimental techniques and theoretical calculations converge in a unifying model 
for the 3C-SiC(001)-(3x2) surface.  

 

Poster

          ECSCD-8                                   18-21 July, 2004                                      (Segovia, Spain) 



 

 
 

[1] V.M. Bermudez  in “Silicon  carbide: a review of  fundamental  questions  and  
applications   to current  device technology”,  W.J. Choyke,  H.M. Matsunami,  and G. Pensl 
Editors, Akademie Verlag, Berlin, Vols. I and II (1998). 
 
[2] F. Semond, P. Soukiassian,  A. Mayne,  G. Dujardin,  L. Douillard, and C. Jaussaud.  
Phys. Rev.   Lett. 77, 2013 (1996). 
 
[3] P. Soukiassian, F. Semond, A. Mayne, and G. Dujardin. Phys. Rev. Lett. 79, 2498 (1997). 
 
[4] L. Douillard, V. Yu. Aristov, F. Semond, and P. Soukiassian.  Surf. Sci. 401, L395 (1998). 
[5] V. Yu. Aristov , L. Douillard, and P. Soukiassian. Surf. Sci. 440, L825 (1999). 
 
[6] W. F. Egelhoff,  Crit. Rev. Sol. St. Mat. Sci. 16, 213  (1990);  C. S. Fadley,  M. A. Van 
Hove, Z. Hussain,   A. P. Kaduwela,   R. E. Couch,   Y. J. Kim,   P. M. Len,   J. Palomares,    
S. Ryce,   S. Ruebush, E. D. Tober, Z. Wang, R. X. Ynzunza, H. Daimon, H. Galloway, M. B. 
Salmeron, and W. Schattke. Surf. Rev. Lett. 4, 421 (1997). 
 
[7] Y. Chen  and  M.A. Van Hove,  http://electron.lbl.gov/mscdpack/;  F. J. Garcia de Abajo,  
M. A.Van Hove, and C. S. Fadley. Phys. Rev. B. 63, 075404 (2001). 
 
[8] W. Lu, P. Krüger, and J. Pollmann. Phys. Rev. B 60, 2495 (1999). 
 
[9] M. Dayan,   J. Vac. Sci. Technol. A 3, 361  (1985;  ibid A 4, 38 (1986);  S. Hara,  S. 
Misawa,  S. Yoshida, and Y. Aoyagi. Phys. Rev. B 50, 4548 (1994); H.W. Yeom, Y. –C. 
Chao, S. Terada, S. Hara,  S. Yoshida, and R. I. G. Uhrberg.  Phys. Rev. B 56, R15525 
(1997);  H.W. Yeom, Y. –C. Chao, I. Matsuda, S. Hara, S. Yoshida, and R. I. G. Uhrberg. 
Phys. Rev. B 58, 10540 (1998). 
 
[10] S. Hara,  W. F. J. Slijkerman,  J. F. Van der Veen,  I. Ohdomari,  S. Misawa, E. Sakuma, 
and S.Yoshida. Surf. Sci. Lett. 231, L196 (1990). 
 
[11] H. Yan,  A.P Smith, and H. Jonsson,  Surf. Sci. 330, 265 (1995);  L. Pizzagalli, A. 
Catellani, G. Galli, F. Gygi, and A. Baratoff, Phys. Rev. B 60, R5129 (1999). 
 
[12]  M. D'angelo, H. Enriquez , V. Yu. Aristov, P. Soukiassian, G. Renaud, A. Barbier, M. 
Noblet, S. Chiang, and F. Semond, Phys. Rev. B 68, 165321 (2003). 
 
[13] S. Tanuma, C. J. Powell, and D. R. Penn. Surf. Interface Anal. 21, 165 (1993). 
 
[14] R.S. Saiki,  A. P. Kaduwela,  M. Sagurton,  J. Osterwalder,   D. J. Friedman,  C. S. 
Fadley,  and C.R. Brundle. Surf. Sci. 282, 33 (1993);  M.A.Van Hove, S. Y. Tong, and M. H. 
Elconin. Surf. Sci.  64, 85 (1977). 
     

 

Poster

          ECSCD-8                                   18-21 July, 2004                                      (Segovia, Spain) 


