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Abstract

Nanom eter dots consisting of S i clad and G e core have been prepared
by alternately contro lling the selective growth conditions in LPCVD

using pure SiH4 and GeH4 on 4nm -th ick SiO 2.
The changes in surface potential induced by electron charging and

discharging at each of iso lated dots have been m easured using
AFM/Kelvin probe force m icroscopy (KFM ).

In electron charging and discharging at a single dot, a Rh-coat AFM tip
was electrica lly biased in the range of -3 to +3V and scanned

on the sam ple surface in a tapping m ode.
The Surface potential change confirm ed the in jected electron and hole
are retained in the Si clad and the Ge core, respective ly, as expected

from the band diagram for an Si/Ge/S i structure.
Surface potentia l change on an isolated dot induced by electron in jection

or extraction is decreased w ith increasing of the dot height.
For the dot height of 16nm , a theoretical consideration confirm s
the observed potential change is attributed for charging the dot

by 3 electrons and 2-3 holes.
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Characterization of the charged states of a single Si dot with Ge core
using AFM/Kelvin Probe Force Microscopy (KFM)
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Experimental

2% O2, 1000oC, 10min

NH4OH:H2O2:H2O=0.15:3:7;
80oC,10min and 4.5% HF 2min
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Electron In jection /Extraction

AFM /Tapping M ode:
Contact

Topography and corresponding
surface potentia l m easurem ents

AFM /Kelvin Probe M ode:
Non contact

1000nm

200nm

A A’

0 400

20

0

A-A’ d istance[nm]

AFM/Tapping Mode

Wide and narrow scan for a suitably isolated dot

Electron Injection & Em ission to the Dot Followed by Surface Potential
M easurem ent Using AFM /Kelvin Probe Technique
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M odel of E lectron In jection to the Si Dot with and w ithout G e Core
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Electron Extraction from the Neutral Dot Followed by Surface Potentia l
M easurem ent Using AFM /Kelvin Probe Technique
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Charging Model

M odel of E lectron Extraction from Neutra l S i Dot w ith and without G e Core
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Calculation of Surface Potential Change
due to 1 electron

Number of Electron Stored in the dot: ~3 e-

Calculation of the Electron Num ber S tored in the Dot

Equivalent circuit of the KFM measurement

rdot : 16 nm, Tip bias: -3V

S: electrode area
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Calculation of the Hole Num ber Retained in the Charge Dot
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Surface potentia l change induced by electron injection/em ission
as a function of the dot height
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Summary

Electron and hole in Si dot with Ge core

Surface potential image from the AFM/Kelvin probe measurements confirm that the
electrons were stored in the Si clad and the holes were stably retained in the Ge core
as expected from the energy band diagram for an S i/Ge heterojunction.
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For the dot height of 16nm and the tip bias of -3 and +3V;
3 electrons stored in the Si clad
2-3 holes reta ined in the G e core
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