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Charges on oxide supported metal nanoparticles (NP) are of high interest in
heterogeneous catalysis and microelectronics due to their impact onto the NP’s
electronic properties and their interference with defects of the underlying support and
with other NPs in close vicinity. Whereas the first aspect is of importance in catalysis,
the second one is of particular interest in microelectronics because a detailed
analysis of the charge-insulator interaction but also the charge interaction with other
nearby nano-objects can explain phenomena that are related to leakage currents and
device characteristics and performance.

In this contribution it is shown that by using noncontact AFM (nc-AFM) and Kelvin
probe force microscopy (KPFM) in ultra-high vacuum (UHV) and at room
temperature, a ~5nm small AuNP can be directly charged by the AFM tip (Figure
la,b) and that upon the Coulomb restricted charging (Figure 1c), nearby AuNPs
sensitively change their electrostatic potential with a large impact on the charge
detection by nc-AFM and KPFM. The AuNPs are supported on a 40nm thick
insulating Al203 film, which is grown by atomic layer deposition (ALD) on Si(001).

We present finite element method (FEM) calculations (Figure 1d) to explain
fundamental electrostatic phenomena in the charge detection and discuss a possible
charge exchange between a charged NP and the Al2O3s support.

[}

-
(=3
o

Detuning AF [Hz]
& s
8 8

Kelvin -400 : :
g"" 0
2 Bias Voltage [V]

Figure 1: Charge manipulation experiments conducted at single AuNPs supported on an ALD grown Al,Os film
(40 nm thickness) on Si(001). (a,b) Topography (a) and WF image (b) of AuNPs after the charging of NPs 4, 6 and
8. Detuning vs voltage curve obtained during the charging of NP 4. 3D model of the FEM setup. From Ref. [1].
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