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Abstract — Spin correlations at hopping are known to be
responsible for large magnetoresistance at trap-assisted
tunneling between normal metal and ferromagnetic electrodes.
The reason is the spin-selective escape rate, which results in a
non-zero average spin at a trap. Since the spin on a trap is a
vector quantity, it produces unusual correlations in multi-
terminal devices. We analyze a three-terminal device with
ferromagnetic electrodes and demonstrate that the spin
correlations result in current-voltage dependences characteristic
to a single-electron transistor.
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I. INTRODUCTION

Single electron hopping determines transport properties in
undoped semiconductors and dielectrics. The Coulomb
interaction plays an important role as it leads to the repulsion
of the charges on a trap and the Coulomb blockade, which
results in strong charge correlations at transport. From the
point of view of devices, the Coulomb blockade has lead to
the development of the single-electron transistor [1].

In addition to its electron charge, the electron possesses
spin. The Pauli, or spin, blockade [2] results in large
magnetoresistance and magnetoluminescence effects in
organic semiconductors and organic light-emitting diodes [3]
at room temperature. Since the spin on the trap is a vector
quantity, it produces unusual correlations in multi-terminal
devices, leading to the concept of a single-spin switch.

II. SINGLE-SPIN SWITCH

We consider a three-terminal device employing for its
operation both the spin and the Coulomb blockade.
Ferromagnetic source (S), gate (G), and drain (D) electrodes

are characterized by the spin polarization p; (i=S,G,D) (Fig.1).

The potential at the trap between the electrodes is determined
by the gate Vgs, drain-source Vps voltages. The capacitances
Ci (i=S,D,G) are assumed equal to C. The current I; from an

electrode i is positive, if it flows from the electrode to the trap.

The current continuity lg+ls+lp=0 is thus automatically
ensured. A trap is weakly coupled to the three ferromagnetic
electrodes by tunneling transition rates I3. The spin on the
trap is determined by the magnetic polarizations of the
elctrodes, transition rates, and the weak non-quantizing
magnetic field, which results in unusual correlations in the
multi-terminal device.

The single-electron transistor mode is obtained when there
is no tunneling between the trap and the gate [l; = 0 and all
electrodes are non-ferromagnetic (p; = 0). We apply a

constant gate voltage Vgs=€/Cg. For Vps < VgsCs/2/(Cst Co)
the junction’s “trap-drain” is biased in opposite direction, and
there is no source-drain current. At Vps >VssCs/2/(Cst Co),
the Coulomb blockade is overcome, and the current starts
flowing (Fig.2).

If a tunneling between the trap and the gate is possible
(I's =T =TIy =T), the Coulomb blockade is lifted as an
electron from the trap can escape to the gate at Vgs=e/Cg. The
situation changes dramatically when the gate is ferromagnetic
(pc = 0.99, ps= pp= 0). At Vps < Vgs/4 only little current
flows due to the spin blockade, while at Vps > Vgs/4 the drain
junction is positively biased, which lifts the spin blockade
(Fig.3). A ferromagnetic drain (pg= pp = 0.99, ps= 0) does
almost not alter the current-voltage behavior (Fig.4).

Adding ferromagnetism to the source instead of the drain
(pc = ps= 0.99, pp= 0) does almost not alter the currents at
Vps < Vgs/4 (Fig.5), however, at Vps > Vgs/4 the gate current
remains negligible. Finally, if one considers all electrodes
ferromagnetic (ps= pc= pp= 0.99), the gate current remains
negligible in the whole range of Vps (Fig.6). The drain
current is blocked at Vps<Vgs/4 as the gate junction is
negatively biased, which prevents electrons from tunneling to
the drain. At Vps>Vgs/4 the drain current flows and is larger
than in Fig.5 due the same polarization of source and drain.
Although the current-voltage characteristic in Fig.6 is
qualitatively similar to that of a single-electron transistor
(Fig.2), the suppression of the gate current and the switching
is due to the spin correlations and the spin blockade at spin-
dependent trap-assisted hopping in a multi-terminal device
with ferromagnetic electrodes.

IV. CONCLUSIONS

An operation of a three-terminal single-spin switching
device employing for its operation both the spin and the
Coulomb blockade is demonstrated.
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Fig.1: Schematic illustration of the device. Electron transport is caused

by spin-dependent trap-assisted hopping between the ferromagnetic

contacts.
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Fig.2: The SET drain current. All electrodes are normal. There is no
coupling between the trap and the gate.
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Fig.3: The drain and gate currents are suppressed, if the trap-drain
junction is backward biased and the gate is ferromagnetic (pc=0.99).

The gate current is nonzero for Vos>Vas/4.
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Fig.4: The currents are similar to those in Fig.3, when, in addition to

the gate, the drain is ferromagnetic (p=pp=0.99).
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Fig.5 The gate current is suppressed when the source and the gate are
ferromagnetic (ps=pc=0.99).
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Fig.6: The drain current is the largest, while the gate current is
suppressed, when all electrodes are ferromagnetic (ps=pc=pc=0.99) in

the configuration shown in Fig.1.





