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STM Images of a W(100) ¢(2x2) Surface

CHEN Wen-Bin TAO Xiang-Ming* SHANG Xue-Fu TAN Ming-Qiu
(Department of Physics, Zhejiang University, Hangzhou 310027, P. R. China)

Abstract: Scanning tunneling microscope (STM) images and surface relaxations of a reconstructed W(100) c(2x2)
surface have been investigated by density functional theory calculations. The distorted displacement (8) of a tungsten
atom along [110] was 0.027 nm. The distortion energy was 80.6 meV *atom™ and the relaxations of the W(100) ¢(2x2)
surface was calculated to be —7.6% for Ad,,/d, and +0.8% for Ad,/d,. The surface work function (@) was 4.55 eV.
Calculated STM images of the W(100) c(2x2) surface displayed the following unusual features: protrusions in the STM
image along the [110] axis are in the middle of a zig-zag chain of tungsten atoms while the dark regions in STM
images correspond to valleys between neighboring zig-zag chains. These are due to surface reconstruction. Typical
corrugations of a STM scan have been calculated to be between 0.008—0.013 nm for negative bias voltages while the
corrugation varies from 0.019-0.024 nm for positive bias voltages.
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Fig.1 The atomic displacements along [110]
direction on clean W(100) surface
The white and black balls display the atomic positions of
tungsten before and after reconstruction, respectively.
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Table 1 Surface atomic relaxations of clean

W(100) surface
Ady» 1dy(%) Ados/d(%) DleV 8/mm  AE/meV -atom™)

this paper —7.6 +0.8 4.55 0.027 80.6
others -8.2 0.0 4.561 0.016" 10.0%

—6.31 +1.9 458" 0.018%

—7+1.5M 4.65" 0.015-0.03"

—4.0™ +3.15 4.60™

4.63

d, is the layer spacing of W(100) surface, and Adj is the change of
layer spacing between ith and jth W(100) layer, while @ is the work
function, and & is the displacement along [110] direction with

it's distorted energy AE (see Fig.1).
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Fig.2 Density of states (DOS) of W(100) c(2x2)
surface before (a) and after (b) reconstruction
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Fig.3 Simulated STM images of W(100) c(2x2) surface
(a) STM images, (b) line scans on several bias voltages at the tip height of 0.50 nm;

Vi is the bias voltage applied on substrates, and “tip height” is the distance between STM tip and substrate, while corrugation is

the rumpling of STM scans which range from —0.01 to 0.01 nm.
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Fig.4 The dependence of tip corrugation on the bias
voltages for the tip height 0.50 nm
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