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Atomic-scale Potential Imaging

by Ultrahigh Vacuum Scanning Probe Micr oscopy
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The contact potential difference (CPD) imaging of Ag- and Au-deposited Si(111) 7x 7 surfaces and the effect of CPD
distribution on NC-AFM data are discussed. Scanning Kelvin probe force microscopy (SKPM) based on the measure-
ment of electrostatic force gradient was applied under an ultrahigh vacuum (UHV) to acquire the data. The CPD images
of Ag- and Au-deposited Si(111) 7x 7 surfaces are virtually identical, irrespective of the deposited metals. Detailed
analysis has revealed that the CPD images showing the atomically resolved potential difference, does not represent the
intrinsic work function of the materials but reflects the local electron density on the surface. On the other hand, the aver-
age potential that corresponds to the DC level of the CPD image is considered to reflect the work function on the sur-

face.
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Fig.1 Schematic diagram of electrical potential variation
with voltage applied between the tip and sample. (a)
When Voc 0 an electrostatic force corresponding to
the work function difference between the tip and sam-
ple A¢ acts between the tip and sample. (b) When
Voc A¢Oq(q: charge) is applied between the tip and
sample, no electrostatic force acts.
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Fig.2 (a) Schematic illustration of the tip voltage depend-
ence of the frequency shift for a grounded sample.
Thetip voltage oscillation is VripgO VocO Vac Sin(ot).
When the Vocd A¢ g, the signa of force gradient
has a period of 2 @, and when Vocz A¢lq, @ com-
ponent appears as a modulation by the oscillation of
tip voltage. (b) When the amplitude of @ component
is detected by the use of lock-in amplifier, the output
of the lock-in amplifier becomes zero at Voc A¢1q,
and it corresponds to CPD between the tip and sam-

ple.
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Fig. 3

Block diagram of the NC-AFM system and the CPD measurement system.
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Fig. 4 Another method of CPD measurement without SKPM function. CPD is obtained from the bias voltage depend-

ence curve of frequency shift.
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Fig. 5 Change of NC-AFM images when the bias voltage applied to the tip was changed.
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Fig.6 Lineprofilesof NC-AFM images of Auln-Si(111)
7% 7-5x 2inFig. 5.
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Fig. 7 Frequency shift of bias voltage dependence curves on
the 7x 7 and 5% 2 structure on the Aul n-Si(111) sur-
face.
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Fig.8 NC-AFM imageat Vx0 0.4V.
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Fig. 9 NC-AFM and relative CPD images of Auln-Si(111) surface with 7x 7 and 5x 2
phases. Areais 100x 100 nm?. No feedback of Voc voltage to thetip is made.
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Fig. 10 (&) NC-AFM and (b) CPD images of Ag deposited n-Si(111) 7x 7 surfacein an
area of 20x 20 nm? The feedback of Voc voltage to thetip is made.

Fig. 11 (a8 NC-AFM and (b) CPD images of Ag deposited n-Si(111) 7x 7 surfacein an
areaof 20x 20 nm? Ag coverageislessthanin Fig. 10.
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Fig. 12 (a) NC-AFM and (b) CPD images of Au deposited p-Si(111) 7x 7 surface in an area
of 20x 20 nm?.
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Fig. 13 Frequency shift dependence of CPD between the tip

and sample, corresponding to the tip-sample separa-
tion dependence of CPD.
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Fig. 14 (a) NC-AFM and (b) CPD images of Au deposited p-Si(111) 7x 7 surface in an area
of 20x 20 nm?. Au coverageis higher thanin Fig. 12.
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