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(a) Excess charge in an isolated metallic island produces an electric field outside, thus
accumulating charging energy. (b) The energy cost to put an electron into the island is not just a

typical level spacing ds: it includes
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single-electron box. (a) Setup. (b) Equivalent capacitance circuit (the dashed box includes
capacitance plates that belong to the island). (c) The charging energy of the single-electron box
versus ¢ = —CyV,. Each parabola corresponds to a charge state with N excess charges. The lowest
segments of the parabolas give the minimum energy and the actual charge state.
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Overlap junction fabrication scheme. First, a metallic film (source electrode) evaporated on the
substrate is oxidized. The oxide layer so formed provides a tunnel contact for the subsequently

evaporated second electrode (island).
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(a) Equivalent capacitance circuit of a two-island system. (b) The energies of two different charge
states are equal along a line in the g,-g, plane. 5ix lines define a region where the state (0, 0)
has minimum energy. (c), (d) Periodic tilings of the q,-q. plane.
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Local Gate Control of a Carbon
Nanotube Double Quantum Dot

N. Mason,** M. |. Biercuk,” €. M. Marcus}

We have measured carbon nanotube quantum dots with multiple electro-
static gates and used the resulting enhanced control to investigate a nano-
twbe double quantum dot. Transport measurements reveal honeycomb
charge sta diagrams as a function of two nearly independent gate
voltages. The device can be tuned from weak to strong interdot tunnel-
coupling regimes, and the transparency of the leads can be contralled
independently. We extract values of energy-level spacings, capacitances,
and interaction energies for this system. This ability to control electron
interactions in the quantum regime in a molecular canducter is important
for applications such as quantum computation.

Fig. 1. (A) Schematic of top-gated device. (B)
Electron micrograph of a representative device.
Arrows indicate the embedded nanotube.

Science 303, 655 (2004)

2. Experimental charge sta-
bility diagrams for the series
double quantum dot as a func-
tion of two gate voltages, each
shifting the energy levels of a
single dot. Voltages V,, and V,
are divided by five before being
applied to the gates of the de-
vice. (A) Color scale displays di/
dV, calculated from dc current
(Ipd) at Vgp = 500 pV. White
lines are guides to the eye show-
ing the honeycomb pattern of
peaks in conductance. Vertex
pairs correspond to points of de-
generacy between the two dots
where resonant transport occurs,
whereas cotunneling may pro-
duce finite conductance along
the honeycomb edges. (B)
Zoom-in of a vertex pair at V, =
500 pV with lines of constant
energy designated by white
dashed lines. Colorscale dis-
plays /,.. Vertex dimensions
are indicated on the diagram,
as are particular electron con-
figurations on the two dots for
different regions of gate space.
Note the triangular shape re-
sulting from finite Vg, and
nonzero off-resonance conduc-
tance wi the triangles. (C)
Level diagrams for a double
quantum dot depicting reso-
nant transport with I' | the in-
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terdot tunnel rate. The bias window is V.,=(s-lp)/e. (D and E) Level diagrams depicting

configurations where cotunneling may contribute to transport.




