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Organic functionalization of silicon holds promise for a variety of applications ranging from molecular electronics to biosensing.  Since the performance and reliability of organo-silicon devices will be intimately tied to the detailed structure of the organic adlayers, it is imperative to develop systematic strategies for forming and characterizing self-assembled monolayers (SAMs) on silicon with multiple length-scales.  We have studied the liquid- and gas-phase growth of a number of phenyl and bi-phenyl ring brominated molecules on H-passivated Si (001) and (111) surfaces.  A variety of experimental and theoretical techniques including scanning tunneling microscopy (STM), x-ray photoelectron spectroscopy (XPS), x-ray reflectivity (XRR), x-ray standing waves (XSW), x-ray fluorescence (XRF), sum-frequency generation (SFG), and density functional theory (DFT) have been employed to determine the coverage and conformation of these molecules within the SAM and to determine the interface bonding.  In particular, STM verifies that the self-assembly leads to molecular rows that follow the Si dimer rows on the (001) surface. DFT calculations typically predicts a few different possible molecular bonding configurations; each with the Br top tag atom at a different position with respect to the Si lattice. The summation of an XSW measured set of complex hkl Fourier components produces a 3D Br atomic map that can be directly compared to the DFT predictions. This model-independent map is constrained to have the periodicity of the bulk Si primitive unit cell. The resulting ambiguity of multiple Br positions is removed by XRR measurements of the SAM’s electron density profile, which are used to determine the Br height. The XPS analysis shows that the Br atoms are preserved on top of the SAM in agreement with XSW measurements that show bromine bonded solely to carbon and not to silicon. Overall, through this unique suite of complimentary characterization techniques, it is concluded that the Br functional handle is preserved at the top of the SAM and available for further substitutional chemistry. The molecular row structure also is promising for nanopatterning applications.

[image: image1.png]



� 








 A ball-and-stick model of two 4-bromostyrene molecules on a Si(111) surface as determined from DFT and XRR characterization.  The background contains a 2D cut through the XSW measured bromine atomic density map.  Taken from R. Basu et al, Langmuir 23, 1905 (2007).

















