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Single-electron transistor (SET). The electron transport fram left to fight may be influenced by the
gate voltage V. Arrows denote four possible single-electron transfers in the SET (FL = from the
left; FR = from the right; TL = to the left; TR = to the right).
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Coulomb diamonds in a SET. The transport is Ylocked inside white diamonds. The light gray
region denotes where the one-by-one transpoqt cycle takes place.
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Electron-hole symmetry in
a semiconducting carhon
nanotuhe quantum dot
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Leo P. Kouwenhoven'~ & Herre S. J. van der Zant'
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Figure 2 Few-hole semiconducting nanotube. a, Two-dimensional colour plot of the
differential conductance, d/dV, versus Vand negative Vg at T = 4 K (black is zero, white
is 3 uS). In the black diamond-shaped regions, the number of holes (indicated) is fixed by
Coulomb blockade. b, Zoom-in, taken at 0.3 K of the region with 0, 1 and 2 holes (white
represents d/dl/ = 10nS). Lines outside the diamonds running parallel to the edges
correspond to discrete energy excitations (the black arrow points at the one-electron
ground state; the red arrows at the one-electron excited states). ¢, Addition energy, £ 444,
as a function of hole number. £ .44 is deduced from the diamond size for positive and
negative V (that is, half the sum of the yellow arrows in a). Inset, the capacitances Cs
(green), Cp (blue) and C g (black) versus hole number. d, Calculation of the addition
energy spectrum for a semiconducting nanotube (as an example we have taken a
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zigzag (35,0), with E gap = 259meV, m g = 0.037 my; ref. 3) for a harmonic
potential (top) and a hard-wall potential (bottom). The parameters for the harmonic
potential are: V (x= =135nm) = E /2, where x is the distance from the centre of
the nanotube (see Supplementary Information). e, Zeeman splitting energy, £, versus
magnetic field, B, for the one-hole orbital states. The data result from two different
types of measurements: (1) individual gate voltage traces at fixed bias (circles) and (2)
stability diagrams (squares, see also Supplementary Information). Inset, g-factor as a
function of hole number. The point for N= 1 is the average of the data in Fig. 2e. The
points for N=25, 7 and 9 are obtained from co-tunnelling (see Supplementary
Information).
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3.23  Coulomb Shasls
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Coulomb shards in more complicated Coulomb nanostructures. The figures present the parameter
regions (white) where a certain charge state is blocked for (a) two- and (b) four-island arrays
biased as shown. There is some single-electron current in the gray-shaded regions. For a
four-junction array, Ny = 0 for all blocked states in the parameter region shown.
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Tunneling rates. (a) Without Coulomb blockade, an electron preserves its energy when tunneling.
(b) With Coulomb blackade, it has to pay charging energy AE,, this reduces the energy strip
available for tunneling by a corresponding amount. (c) Energy dependence of the rate at finite
temperature.
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