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We have succeeded in fabricating the double gated SWNT quantum transistor
operated by Fabry Perot and quantum dot behavior. The two behaviors are controlled by
the control gate and observed by sweep gate.

The schematic sample structure is shown in Fig. 1. The four electrodes are fabricated
on the one SWNT. SWNT is completely purified. The distances between the electrodes,
are Ly = 69.4 nm, L, =90.3 nm and L3 =119 nm, respectively. Moreover, large voltage
up to 6 V is applied at L, and cut the SWNT. Thus, L; is used as the channel of the
SWNT hole-transistor with side gate as shown in Fig. 1. The SWNT hole-transistor also
has back gate at the back side of the substrate. The side gate Vs, and the back gate Vg
are used for the control gate and sweep gate, respectively.

Fig. 2(a) - (d). show the d%I,,/dV;* mappings as a function of V,, and Vy;, where
Ip is drain current and V) is drain voltage. When Vg, = 0 V is applied, the device
shows Fabry Perot quantum interference pattern at around Vgz; =-19 V and Coulomb
diamond characteristic at higher Vg, than Vg, =-17 V as shown in Fig. 2(a) and Fig.
2(b). Thus, the cross-over between Fabry Perot and quantum dot behavior is observed as
shown in Fig. 2(a). When Vs, = -25 V is applied, the device shows Fabry Perot
quantum interference pattern at around Vz; = -14 V and Coulomb diamond
characteristic at higher Vp; than Vp; -12 V as shown in Fig. 2(a) and Fig. 2(b). Fig.
2(e) and Fig. 2(f) are the enlargement characteristics shown in the square region by dot
line in the Fig. 2(a) and Fig. 2(c), respectively. At the cross-point of the two dot lines,
which are corresponding to the quantum levels in the SWNT, d2I,/dV,? show high
value pattern, which are called Fabry Perot quantum interference pattern. The shift of
the Vp; region showing the Fabry Perot quantum interference pattern and Coulomb
diamond characteristic by Vs; isabout5 V.

Fig. 3 shows the d%I,/dV,* mapping as a function of Vs; and Vg¢, in which V,
is the constant of 1 mV. The white regions are corresponding to the Coulomb oscillation
peaks and Fabry Perot quantum interference pattern, the slope Vs /Vp; of which is 0.2.
Therefore, the modulation of the potential energy in the SWNT by Vg, = -25 V is
corresponding to the modulation of the potential energy in the SWNT by Vg, =-5V.
This estimation is in agreement with the d21I,,/dV,* mapping as a function of V;, and
Vge as shown in Fig. 2(a) — (d).

We have succeeded in controlling cross-over between Fabry Perot and quantum dot
behavior in a single walled carbon nanotube hole-transistor by double gate. The ratio of
the modulation of the potential energy in the SWNT by Vs, to that by Vg, is0.2.
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Fig. 1 Schematic sample structure and SEM image around channel.
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Fig. 2 the d2I,/dV,? mappings as a function %?e V(Z,taqgr(l\g Vs, Where applied V) iserfn%qgt(j\q‘rom -63 mV to

64 mV. (a) the d%I,/dV,* mapping where Vi; = 0 V and Vg is ranged from -15 V to -20 V.

(b) the

d?I,/dVp* mapping where Vi; = 0 V and Vg is ranged from -10 V to -15 V (c) the d2I,/dV)?
mapping where Vi, =-25V and V. is ranged from -10 V to -15 V. (d) the d2I,/dV,* mapping where

Ve =0V and Vg, isranged from -5V to -10 V.
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Fig. 2(€), (f) the enlargement characteristics shown in the dot ~ Fi9- 3 the d?I,/dV," mapping _
square region in the Fig. 2(a) and Fig. 2(c), respectively. function of V¢ and Vg, in which Vj is

the constant of 1 mV.
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