BRAFETTEMATHIZARE 38 (2003) 21~25

VY)alsEE Ry MEBIZBITAEEAZED
Vialb—va VEITEERRESRA~DEH

WMEEL, T8 XAYT 4, A)IEE, BEER
(20034 11 A 17 B 3%#)

Circuit Modeling of Photoinduced Effects on Single-Charge Tunneling
in a Silicon Multidot Structure

Hiroya IKEDA, Ratno NURYADI, Yasuhiko ISHIKAWA and Michiharu TABE
(Received Nov. 17,2003)

Abstract
We have investigated the illumination effects on Coulomb blockade (CB) characteristics of Si two-dimensional multi-dot
field-effect transistors. Some of the transistors exhibit remarkable changes in their CB characteristics for single-hole tunneling by the

illumination, i.e., the generation of a new Coulomb oscillation peak and/or the gate-voltage shift. The photoinduced phenomena can

be commonly explained by a model that the light illumination supplies an additional electron to a dot adjacent to the CB current

percolation path. Monte Carlo simulation for an equivalent circuit based on the above model can reproduce the experimental

characteristics.
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Fig. 1 (a) of our 2D Si

Schematic view
multi-dot-channel FET and (b) AFM image of the Si
channel surface.
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Fig. 2 Drain-current (/) characteristics for hole
tunneling at 15K, as a function of backgate voltage
(drain voltage, V=15 mV). The I4-V,, curves are
successively obtained from the first sweep of the
gate voltage to the sixth sweep, and the 2nd and the
6th sweeps are performed in the illuminated
condition during the whole sweeping period.
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Fig. 3 (a) Schematic diagram of single hole
percolation path in the 2D multi-dot channel and (b)
its simplified equivalent circuit.
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Fig. 4 (a) Calculated I, contour plot as a
function of V,, and n, at 0K (C;=C,=C;=50 aF,
R/=R,=R;=1 MQ, C,;=0.05 aF, C,,=0.08 aF, C, =1
aF, C4,=9 aF and V,;=1 mV), where bright regions
correspond to large tunneling currents, and (b) and
(c) the numbers of holes in Dots 1 and 2,
respectively.
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Fig. 5 I,-V,, properties picked out from the
contour plot for n,=1 and 2 (indicated by broken
lines in Fig. 4(a)).
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Fig. 6 Schematic band  diagram  for a
hole-annihilation process during the light
illumination.
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