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Structural Analysis for the Oxide Surface of Nb(110) with atomic force microscopy
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Nb has the highest superconducting transition temperature among elemental materials, which makes
it a realistic choice for superconducting junctions. However, self-organized oxide structures on its surface
impede the preparation of well-defined interface. Once the oxide structure is clarified, this oxidized surface
may be used as an interface. Atomic force microscopy can distinguish different elements among ionic
crystals depending on the charge state of the scanning probes. We applied this method to the oxide surfaces
of Nb(110) for structural analysis and observed Nb and O atoms independently as well as simultaneously. A
structural model was constructed based on the density functional theory. Additionally, the density of states

and the Bader charge were analyzed.
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Fig. 1. (color online) STM topograhic image of the
Nb(110) oxide surface. Meaurement temperature T =
5K, Sample bias V; = —10 mV, set point current [y =
—100pA , and oscillation amplitude
Reproduced from Ref. 1).
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Fig. 2. (color online) A schematic illustration of AFM
atom observation for ionic crystals. When the tip is
negatively (positively) charged, Nb (O) atoms appear as
protrusions in AFM topographic images.
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Fig. 3. (color online) AFM topographic images in the Nb
mode (left) and in the O mode (right). T ~ 300 K. Left:
V, = 100 mV, set point frequency shift Af; = —8.0 Hz,
and A=20nm . Right: V,=900mV , Af,=
—227 Hz, and A = 5 nm. The repetitions of the atoms
are depicted in the schematic. Reproduced from Ref. 1).
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Fig. 4. (color online) AFM and STM simultaneous
measurement at constant height. (left) Frequency-shift
image. (right) current image. The position of a Nb* chain
is marked with a yellow line. T =5K, V; ~1uV, and
A =90 pm. Reproduced from Ref. 1).
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Fig. 5. (color online) A structural model for the oxide
surface of Nb(110). Reproduced from Ref. 1).
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Fig. 6. (color online) Comparison of the model with the
AFM topographic images in the Nb mode (left) and the
O mode (right). Reproduced from Ref. 1).
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Table 1. DOS and Bader charge for the Nb(110) oxide

surface model.

Nb®  Nb-1 Nb-2 O-1 0-2 0-3

DOS

096 056 073 0.06 0.07 0.08
at u
Bader

+0.54 +1.41 +0.74 -1.22 -1.77 -1.24
charge
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