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Abstract

We measure current flowing through a silicon trian-
gular triple quantum dot (QD) at a temperature of 300
mK. The triangular triple QD is advantageous for inte-
gration because it is a unit structure in a triangular grid
that can arrange the QDs with high density. We observe
Pauli spin blockade in two QDs of the triple QDs, where
the current is suppressed depending on the spin state in
the QDs. By utilizing this phenomenon, it is possible to in-
itialize and read spin states, which is useful for future re-
alization of qubits and study of spin-related physics.

Introduction

A qubit is a bit used in quantum computing, which can
have a quantum superposition of 0 and 1. Massively parallel
computing is considered possible in quantum computing, and
applications to various fields such as artificial intelli-
gence, big data analysis, drug discovery, etc. are expected. So
far, qubits using various systems have been proposed [1]-[5].
Among them, spin qubits using electron spins in semiconduc-
tors have attracted attention. Semiconductor qubits can be
manufactured utilizing existing microfabrication techniques
and thus are advantageous for integration which is necessary
for future quantum computer implementation.

Here, we present the characteristics of a triangular triple
quantum dot (TTQD) fabricated on silicon-on-insulator sub-
strate [6]. TTQD is a structure in which three
QDs (TQDs) are arranged in a triangle. The triangular array
is an array having the highest density of QDs per unit
area, which is an advantageous structure for qubit integration.

In addition, since TQDs have exchange interaction with
each other, the possibility of use as an exchange-only qubit is
also expected [7]. The exchange-only qubit is an application
of the exchange interaction between QDs to the qubit opera-
tion. Exchange-only qubit do not require the application of
oscillating magnetic fields for spin resonance, and can be op-
erated with electric field pulses only. Since TTQD has three
sets of two QD pairs, qubit operation in three axes may be
possible. Therefore, improvement in operability is expected.

Device structure

Figure 1 shows a scanning electron microscope (SEM)
image of the device. QDs are physically defined on silicon-
on-insulator (SOI) substrate by using electron beam lithogra-
phy and SFs dry etching. The fabrication techniques are
mostly compatible with CMOS fabrication technology. Each
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Fig. 1 SEM image of the device. Dark black area
corresponds to buried oxide (BOX), and light black
area corresponds to SOI. Yellow arrow indicates the
direction of maonetic field.
QD is connected to a reservoir, and a two-dimensional elec-
tron gas is accumulated at the interface between the SOI and
gate oxide by positive voltage applied to a top gate (TG) de-
posited on the top of the device. Four side gates (SGs) are
formed around the TTQD, and the potential of each QD can
be controlled. In addition, a charge sensor (CS), which is a
single QD, is integrated adjacent to the TTQD. The CS is
electrostatically coupled to the TTQD, and when the number
of charges in the TTQD changes, a kink is observed in the
current of the CS. This makes it possible to observe changes
in the number of charges in the TTQD.

Measurement results

In the measurement, the magnetic field dependence of the
current through QD1 and QD3 in the TTQD at the triple point
was studied. The triple point is a current characteristic ob-
served in a region where the number of charges in the QD
changes. The triple point at zero magnetic field is shown in
Fig. 2(a), and the triple point is shown in Fig. 2(b) for in-plane
magnetic field By = 1 T. All the measurements were per-
formed at a temperature of 300 mK. It was found that the
magnitude of the current at the triple point decreased when
the in-plane magnetic field was applied, especially in the rec-
tangular region surrounded by the yellow dashed lines. This
current suppression is attributed to the phenomenon called
Pauli spin blockade (PSB) [8]. PSB is a phenomenon in which
the tunneling between QDs is suppressed by Pauli exclusion
principle. This phenomenon is important for initialization and
readout of spin states [9].

We also studied the magnetic field dependence of the cur-
rent in the PSB region. TTQD current as a function of in-
plane magnetic field was measured while the QD potential
was changed along the detuning ¢ (blue arrow in Fig. 2(a)),
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Fig. 2 Triple points (a) without magnetic field and
(b) with magnetic field B = 1 T. In green dashed
triangles, current flows through TQD while the cur-
rent is suppressed in yellow dashed polygon. The
triangle pairs and the polygons of (a) and (b) are the
same. By comparing (a) and (b), it turns out that the
magnetic field enhances the suppression. The light
blue arrow in (a) shows a detuning € of the triple

point.
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Fig. 3 Magnetic field dependence of the PSB region.
The green square shows PSB region. PSB is sup-
pressed near the zero magnetic field. This is caused
by spin-flip co-tunneling, which is the phenomenon
of exchange spin states between a QD and a reser-
voir. A red dotted line indicates the transition be-
tween triplet level and singlet level.
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where ¢ corresponds to energy difference between QD1 and
QD3. The result of the measurement is shown in Fig. 3. The
green square is the PSB region. It can be seen that PSB is
partially lifted near the zero magnetic field. This is due to

spin-flip co-tunneling with the reservoir. Spin-flip co-tunnel-
ing is a phenomenon in which the electron having different
spin states are exchanged between a QD and a reservoir. Near
the zero magnetic field, this phenomenon is likely to occur,
and current reduction is not so obvious since the co-tunneling
changes blocked triplet states with unblocked singlet state
[10]. Also, the transition between triplet level and singlet
level is observed as indicated red dotted line. Since the triplet
level is lowered by Zeeman energy, the carrier transportation
to singlet level is suppressed. For current flowing, it is needed
to apply larger detuning corresponded to the separated Zee-
man energy [11].

Conclusions

We measured the characteristics of TTQD in silicon. Ata
triple point between QD1 and QD3 under a magnetic field,
PSB was observed. From the magnetic field dependence, it
turns out that PSB is suppressed near the zero magnetic field
due to spin-flip co-tunneling and the transition between triplet
level and singlet level is occurred. Since occurrence of PSB
is decided by spin states, this result is important for spin
readout, which is essential for future qubit realization.
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