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Spin-dependent negative differential conductance in
transport through single-molecule magnets∗
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Transport properties are theoretically studied through an anisotropy single-molecule magnet symmetrically connected
to two identical ferromagnetic leads. It is found that even though in parallel configuration of leads’ magnetizations, the total
current still greatly depends on the spin polarization of leads at certain particular bias region, and thus for large polarization
a prominent negative differential conductance (NDC) emerges. This originates from the joint effect of single-direction
transitions and spin polarization, which removes the symmetry between spin-up and spin-down transitions. The present
mechanism of NDC is remarkably different from the previously reported mechanisms. To clarify the physics of the NDC,
we further monitored the shot noise spectroscopy and found that the appearance of the NDC is accompanied by the rapid
decrease of Fano factor.
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1. Introduction

The electronic transport through single molecule junc-
tions[1,2] has attracted great interest large partly with a goal
to develop molecular circuits. With spin as an additional de-
gree of freedom participating in the electronic transport, there
molecular spintronics,[3] as an extension of molecular elec-
tronics, has emerged recently. The molecular spintronics is
of interest for fundamental physics, e.g., it can shed new in-
sight into mechanisms for molecular-scale spin-resolved trans-
port. An ideal playground for study of molecular spintronics
is the tunnel junction consisting of single-molecule magnets
(SMMs),[4–6] such as Mn12 or Fe8. Especially, research of the
electrically-controlling transport through the SMMs has be-
come an active subject.

The structure of SMMs combines the classical proper-
ties of magnets with the intrinsic quantum nature. The out-
standing features lie in its large spin and remarkable magnetic
anisotropies. At low temperatures, the magnetic anisotropy
barrier forbids the spin reversal between the degenerated states
with opposite spins, forming long-living bistable magnetic
states where the spin quantum tunneling happens. Early stud-
ies mostly focused on the spin quantum effect of isolated
SMMs.[7,8] Very recently, however, considerable effort is de-
voted to the transport spectra through an individual mag-
netic molecule. In a single-molecule-transistor geometry, it
is demonstrated that the molecule magnetic anisotropy can be
preserved and even electrically controllable.[9] In the trans-
port spectra, the signatures of magnetic states and magnetic

anisotropy can be identified experimentally.[4,5] Apart from
this, various quantum effects in SMM junctions have been ob-
served or predicted. For example, spin-selection rules associ-
ated with the magnetic anisotropy can lead to complete sup-
pression of current,[4] spin diode behavior,[10] and pure spin
current in thermoelectric effect.[11,12] Applying spin-polarized
current, manipulation of spin switching of nanomagnets is
possible.[13–17] Under the joint effect of exchange interactions
and spin quantum tunneling, Kondo effect arisen from the
SMMs was predicted theoretically.[18–20]

In the transport through the SMMs, the appearance of
negative differential conductance (NDC) is an interesting phe-
nomena and has been oberved experimentally in N/SMM/N
junction (N denotes the normal metal).[4] This NDC was inter-
preted as the blockade of electronic transport when a sequence
of tunnel processes result in a nonequilibrium population of
certain excited states that can be depopulated only slowly by
violation of the selection rules. For the same system, Timm
and Elste[21] suggested that NDC features may appear even
in the case of no blocking state, which is simply as a conse-
quence of the difference in the weight of transition rates for the
allowed transitions between various molecular states. A typi-
cal mechanism for the NDC is Pauli spin blockade, which is in
connection with the exchange singlet–triplet splitting and has
been studied widely in double quantum dot.[22–24] In contrast
to the Pauli spin blockade, the spin blockade in the SMMs is
formed under the joint effect of the magnetic anisotropy and
spin-flip exchange interactions.[10,25,26] When the magnetic
state is saturated at the singly-charged state with minimal or
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maximal magnetism, spin-flip electron tunnelings are block-
aded due to the spin-selection rules. In an N/SMM/F asym-
metric system (F is ferromagnetic metal), Elste and Timm[25]

remarked that the NDC can emerge when the gate voltage is
tuned from a Coulomb blockade regime to a spin blockade
regime. In this process, an applied external field is neces-
sary to remove the degeneracy of the spin multiplets for the
low-temperature NDC but it is not necessary for the high-
temperature NDC.

In this paper, we investigate the electronic transport
through an SMM symmetrically coupled to two ferromag-
netic electrodes. Interestingly, it is found that in parallel con-
figuration of leads’ magnetizations, there develops a promi-
nent NDC at certain particular bias region for large polariza-
tion. The underlying physics originates from the joint effect
of single-direction transitions and spin polarization, which re-
moves the symmetry between spin-up and spin-down transi-
tions due to different ejected rates but the same forbidden in-
jections for two spin species. The present mechanism of NDC
is remarkably distinguished from previously reported mecha-
nisms. In order to provide more insight into physics of the
NDC, we further calculated the corresponding shot noise spec-
tra by employing the full counting statistics (FCS).[27,28] The
shot noise[28,29] proves to be a source of useful information
about various transport properties hardly accessible from di-
rect measurement of electric current. In SMM system, the
noise spectroscopy has been used to identify the fake reso-
nances in current induced by the spin tunneling,[30] and it is
sensitive to the Coulomb interaction and the coupling asym-
metry to leads.[31,32] In the present discussion, we found that
the appearance of the NDC is accompanied by the rapid de-
crease of Fano factor (the ratio of shot noise to average cur-
rent). The organization of the rest of this paper is as follows.
In Section 2, a theoretical model and the FCS approach are
presented. In Section 3, we first discuss the numerical results
of polarization-related current and the appearance of NDC
for both ferromagnetic and antiferromagnetic exchange cou-
plings. A short summary is presented in the last section.

2. Model and method
We consider a widely adopted SMM Hamiltonian[14,21,25]

HSMM = ∑
σ

(ε0− eVg)c†
σ cσ +Uc†

↑c↑c
†
↓c↓−D(Sz)

2

−J𝑠 ·𝑆, (1)

consisting of the on-site energy ε0 of molecular orbit, the
Coulomb repulsion energy U between two electrons, the easy-
axis magnetic anisotropy energy D, and the exchange energy J
between orbit electron spin 𝑠=∑σσ ′ c

†
σ (𝜏σσ ′/2)cσ ′ and SMM

local spin 𝑆. c†
σ (cσ ) is the creation (annihilation) operator for

orbit electrons and 𝜏σσ ′ is the matrix element of Pauli vec-
tor. The gate voltage Vg capacitively coupled to the SMM is
to tune ε0. We assume that the Coulomb repulsion energy
U → ∞ is far larger than all the relevant energy parameters
and so the double occupation is prohibited energetically. The
magnetic anisotropy perpendicular to the easy-axis is shown
to be smaller than D by several orders in magnitude and so it
can be disregarded safely.

Diagonalizing HSMM in Eq. (1) allows one to denote
its eigenstates as |n,m〉 with n being electron number in the
molecular orbit and m being the magnetic quantum number
of the z-component of the total spin 𝑆t = 𝑆+ 𝑠. For n = 0,
the eigenstates |0,m〉 are just those of Sz with eigenvalues
ε|0,m〉 =−Dm2. For n = 1, the eigenstates are given by

|1,m〉± = a±(m) |↓〉
∣∣∣∣m+

1
2

〉
+b±(m) |↑〉

∣∣∣∣m− 1
2

〉
, (2)

where the adjacent eigenstates of Sz are mixed by the electron
spin state |σ〉 due to the spin exchange coupling. The coef-
ficients are given in Ref. [21], reading a±(m) = ∓ζ±/

√
4ε

and b±(m) = J
√

S(S+1)−m2 +1/4/(4ζ±
√
4ε) with ζ± =√

24ε∓ (2D− J)m/2 where the symmetry a±(−m) =

b±(m) is guaranteed. The corresponding eigenenergies are

ε|1,m〉± = ε0− eVg +
J
4
−D

(
m2 +

1
4

)
±4ε(m) (3)

with 4ε(m) ≡ [D(D− J)m2 + (J/4)2(2S + 1)2]1/2. For the
fully polarized states

∣∣1,±S± 1
2

〉
, the upper subscript corre-

sponds to D > J/2 and the lower one to D < J/2.
The transport properties of electrons are spin-dependent

when the SMM is coupled to two ferromagnetic metallic elec-
trodes through the tunneling Hamiltonian

HT = ∑
αkσ

(tα a†
αkσ

cσ +H.c.) (4)

with tα being the tunneling amplitude. The elec-
trodes are modeled as noninteracting Fermi gases Hel =

∑αkσ εαka†
αkσ

aαkσ , where a†
αkσ

(aαkσ ) creates (annihilates)
an electron with momentum k and spin σ in electrode α =

L,R. It is assumed that the electronic transport is dominated
by the sequential tunneling. To find out the average cur-
rent as well as the shot noise at the same time, we employ
the FCS approach.[27,28] Starting with the Liouville–von Neu-
mann equation under the Born and Markov approximations,
we obtain a set of master equations[33] in terms of the number-
resolved reduced density matrix ρ(n)(t), which is applicable
in the case of weak SMM-electrode coupling. The probabil-
ity Pi(t) of finding the molecule in the state |i〉 = |n,m〉 is
Pi(t) = ∑n P(n)

i (t), which involves the sum over n electrons
having been transferred during a time interval t. The number-
resolved probability P(n)

i (t) is found to satisfy

dP(n)
i

dt
= ∑

jσ
[(W R,σ−

j→i +W R,σ+
j→i )P(n)

j +W L,σ−
j→i P(n+1)

j
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+W L,σ+
j→i P(n−1)

j ]− ∑
α jσ

(W α,σ+
i→ j +W α,σ−

i→ j )P(n)
i . (5)

Here, W α,σ+
i→ j = Γασ f+α (ε j− εi)

∣∣∣〈 j|c†
σ |i〉
∣∣∣2 stands for the tran-

sition rate from electrode α to the SMM and W α,σ−
i→ j =

Γασ f−α (εi − ε f )
∣∣∣〈i|c†

σ | j〉
∣∣∣2 is the opposite process with the

Fermi distribution function f+α (x) = 1/[1+ e(x−µα )/kBT ] and

f−α (x) = 1− f+α (x).
∣∣∣〈 j|c†

σ |i〉
∣∣∣2 in the transition rates consti-

tutes the basic selection rules for transitions between molecu-
lar states, i.e., the transition is allowed only when the charge
state of the SMM is changed by 1 and ∆m=±1/2. We assume
that two leads are in the thermal equilibrium with temperature
T and the nonequilibrium transport is driven by a chemical
potential µL(R) = ±eVb/2 exerted by an applied bias voltage
Vb. Γασ = 2πρασ |tα |2 characterizes the level-width function
with ρασ as the density of states at the Fermi level of mag-
netic electrode α . Define a spin polarization of the ferromag-
netic electrodes as ξ = (ρ↑−ρ↓)/(ρ↑+ρ↓) and then the line-
width functions can be expressed as ΓL↑(↓) = ΓL0(1± ξ ), and
ΓR↑(↓) = ΓR0(1±ξ ) for the parallel magnetic alignment while
ΓR↑(↓) = ΓR0(1∓ξ ) for the antiparallel one.

If a counting field χ is introduced to count the number n
of electrons emitted from the left lead, it is easy from Eq. (5) to
find the quality S j(χ, t) = ∑n P(n)

j (t)e inχ , which is determined
by

dSi(χ, t)
dt

= Lχ

i jS j, (6)

where Lχ is a χ-resolved matrix, whose elements are Lχ

i j =

e−iχW L,σ−
j→i + e iχW L,σ+

j→i +W R,σ−
j→i +W R,σ+

j→i for the nondiag-

onal components i 6= j and Lχ

ii = −∑k 6=i(W
L,σ−
i→k +W L,σ+

i→k +

W R,σ−
i→k +W R,σ+

i→k ) for the diagonal components i = j. Ac-
cording to Eq. (6), we can define a cumulant generat-
ing function[27,34] F(χ) = λ0(χ)t, which is determined by
the eigenvalue λ0(χ) of the matrix Lχ if the condition
λ0(χ)|χ→0→ 0 is satisfied. Thus, all the cumulants of the cur-
rent can be obtained by performing derivatives with respect
to the counting field, Ck = (−i∂χ)

kF(χ)|χ=0. The transport
characteristics are directly related to the cumulants, e.g., av-
erage current is given by I = eC1/t and zero-frequency shot
noise by S = 2e2C2/t.

3. Results and discussion
In this section, we perform the numerical results of elec-

tronic transport through the SMM. For the convenience of
analysis, we calculate a simple SMM with S = 1, which is
enough to capture the essential physics. We also limit to the
symmetric coupling ΓL0 = ΓR0 = Γ0 of the SMM to two iden-
tical leads, and fix parameters ε0− eVg = 0.1 and T = 0.002
throughout.

3.1. Current voltage characteristics with NDC

In Fig. 1(a), we plot the current–voltage curves for the
SMM with different spin polarizations ξ in parallel alignment
of magnetization of leads. Unlike the conventional single-
level dot, the SMM exhibits more complex transport charac-
teristics in I–V . First, due to the anisotropy and the spin ex-
change coupling, the single-orbit level of the SMM is split
into 2m + 1 sub-levels [see Fig. 1(b)], which yields more
steps in the current curve. Interestingly, in the bias region of
0.35< eVb < 0.45 the current plateau is ξ -dependent. With in-
creasing ξ , the plateau value is lifted higher. During this pro-
cess, a dip of current develops gradually in the vicinity of bias
threshold eVb = 0.43 for a new channel opening, accompa-
nied by a visible NDC. It is emphasized that the present devel-
oped ξ -dependent NDC appears for the parallel alignment of
magnetizations, which is significantly distinguished from the
previous mechanisms in SMM system,[10,25] where the system
structure is asymmetric, i.e., consists of a ferromagnetic lead
and a normal metal lead. To clarify the underlying physics,
we will in the following analyze the occupation probability of
each state since the magnitude of current is determined by oc-
cupation probabilities and rates of transition.
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Fig. 1. (color online) (a) Current I as a function of bias voltage eVb in
parallel alignment of magnetizations for different polarizations ξ with
J = 0.1 and D = 0.04. (b) Schematic view for the magnetic levels of
SMM with magnetic quantum number m.

First, we discuss the unpolarized case with ξ = 0 and plot
the probability of each state in Fig. 2(a) as a function of bias
voltage. With the increase of bias, the multiplet channels open
one by one: Each transition corresponds to a current step in
Fig. 1(a). In particular, the first transitions between |0,±1〉 and
|1,±3/2〉 contribute to the biggest step of current, and then
other transitions |0,±1〉
 |1,±1/2〉− , |0,0〉
 |1,±1/2〉+ ,

and |0,±1〉 
 |1,±1/2〉+ are in turn responsible for other
current steps. This order is arranged according to the level
difference between states in Fig. 1(b). Especially, one can
notice a unique bias region of ε|1,±1/2〉+ − ε|0,0〉 < eVb/2 <

ε|1,±1/2〉+ − ε|0,±1〉 (namely, 0.35 < eVb < 0.45 for chosen pa-
rameters), where the opening of transport channels |0,0〉
∣∣1,± 1

2

〉+
increases the probability P|1,± 1

2 〉
+ only a little but

enhances P|0,±1〉 and P|1,± 3
2 〉 significantly, different from the
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case of the other channel openings. The reason is that P|1,± 1
2 〉

+

are depleted to the sates |0,±1〉 through the single-direction
transitions, i.e., the process

∣∣1,± 1
2

〉+ → |0,±1〉 is allowed
but the opposite one is energetically prohibited, as shown in
Fig. 1(b). When the bias is sufficient large (eVb > 0.45), all
of the states participate in the transport and have the same
occupation probability, which is equivalent to the usual dot.
In addition, one can also notice that the degenerated doublets
|n,m〉 and |n,−m〉 always have the same probability due to the
unpolarized electron transports.

Next, we discuss the case of ferromagnetic leads aligned
in parallel and plot the relevant occupation probability in
Fig. 2(b). Compared to the case of ξ = 0, a distinct char-
acteristic for finite ξ is that, in the particular bias region of
0.35 < eVb < 0.45 the probabilities of degenerate doublets
|n,m〉 and |n,−m〉 (m 6= 0) are lifted and their original weights
are redistributed between them. As a result, there arises a mag-
netic accumulation 〈m〉= ∑i miPi in the molecular subsystem,
as shown in the inset of Fig. 2(b), where 〈m〉 increases with
ξ and vanishes for ξ = 0. The crucial point to this is the
existence of available single-direction transitions

∣∣1,± 1
2

〉+→
|0,±1〉 where the nonzero probabilities of

∣∣1,± 1
2

〉+
are main-

tained through the processes |0,0〉 →
∣∣1,± 1

2

〉+
. We can un-

derstand the magnetic accumulation from the electron sub-
system. One should notice the following facts. In the large
bias region, the electrons tunnel only from left to right lead
and the opposite process can be negligible. The transitions
|0,m〉→

∣∣1,m+ 1
2

〉±
and |0,m〉→

∣∣1,m− 1
2

〉±
are companied,

respectively, by the injection of spin-up electrons with rate
ΓL↑ and spin-down electrons with rate ΓL↓ from left lead to
the SMM. The reversal transitions are related to the ejection
from the SMM to right lead with rate ΓR↑ for spin-up electrons
and with rate ΓR↓ for spin-down electrons. When the bidirec-
tion transitions |0,m〉 


∣∣1,m± 1
2

〉±
are available, for each

spin species the tunneling-in electrons are always equal to the
tunneling-out electrons due to ΓLσ = ΓRσ for chosen parame-
ters. However, this situation is changed for the single-direction
transitions

∣∣1, 1
2

〉+ → |0,1〉 and
∣∣1,− 1

2

〉+ → |0,−1〉, which
are opened at the same time due to the same energy differ-
ence. The opening of these two single-direction transitions has
twofold meanings: i) The electron injection is prohibited en-
ergetically, and ii) the allowed electron ejection is in different
rates for two spins, i.e., the former is in ΓR↓ and the latter is in
ΓR↑. As a result, the accumulation 〈m〉 appears, which is equal
to the difference between oriented-up spin and oriented-down
spin. This is quite different from the early studies,[10,25,35–37]

where the magnetic accumulation (or spin accumulation) is
generated by preparing the electron injection and the electron
ejection in different rates ΓLσ 6= ΓRσ , i.e., the molecule is cou-
pled to two ferromagnetic leads in antiparallel alignment or
coupled to a ferromagnetic lead and a normal lead. In con-

trast, out of the bias window 0.35 < eVb < 0.45, all states
are involved in bidirectional transitions |0,m〉


∣∣1,m± 1
2

〉±
,

where the equal rates of injection and ejection (ΓLσ =ΓRσ ) for
each pair of bidirectional transitions make all the probabilities
ξ -independent.
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Fig. 2. (color online) Occupation probabilities of states as a function
of bias voltage eVb (a) for unpolarized leads ξ = 0 and (b) for high-
polarized leads ξ = 0.9. Inset is the magnetic accumulation 〈m〉 for
different ξ . The other chosen parameters are the same as those in Fig. 1.

Having known the ξ -dependent occupation probability,
we now can interpret easily the ξ -dependence of current and
the formation of NDC in Fig. 1(a). The current is contributed
by transitions in pairs, e.g., I↑|0,1〉→|1,3/2〉 ∝ |b±(3/2)|2 (1 +

ξ )P|0,1〉 and I↓|0,−1〉→|1,−3/2〉 ∝ |a±(−3/2)|2 (1− ξ )P|0,−1〉 and

so I↑|0,1〉→|1,3/2〉+ I↓|0,−1〉→|1,−3/2〉 ∝ 2P0 +ξ |b±(3/2)|2 (P|0,1〉−
P|0,−1〉) where P0 = (P|0,1〉 + P|0,−1〉)/2 and a±(−3/2) =

b±(3/2). Out of the bias window 0.35 < eVb < 0.45, all
probabilities P|n,m〉 are equal and so the polarization ξ can
be always canceled in each pair. This is a typical property
in quantum dot for parallel configuration of magnetization.
Within the bias window, however, it is not a case. For exam-
ple, I↑|0,1〉→|1,3/2〉+ I↓|0,−1〉→|1,−3/2〉 increases with ξ since the
retribution of probabilities results in P|0,1〉 > P|0,−1〉 and al-
most keeps P0 a constant. Among all transitions, the transi-
tions of |0,±1〉 → |1,±3/2〉 play a dominant role due to their
largest probabilities and transition rates and thereby the total
current for finite ξ is larger than the total current for ξ = 0.
In the vicinity of the threshold bias associated with transi-
tions |0,±1〉 →

∣∣1,± 1
2

〉+
, there exists two competitive mech-

anisms: The opening of the new channels |0,±1〉 →
∣∣1,± 1

2

〉+
increases the current but meanwhile decreases the probability
P|0,1〉 down to the average value among all states which in turn
shrinks the current. As a consequence, in this crossover region
a current dip develops, accompanied by the appearance of an
NDC. The width of the dip is determined by temperature T .
As the bias voltage is increased up to the energy difference
eVb/2 = ε|1,±1/2〉+ − ε|0,±1〉, the current recovers the situation
of ξ -independence.
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The variation of the NDC with the magnetic parameters
is illustrated in Fig. 3, where the current as a function of bias
voltage is shown for different exchange couplings J [Fig. 3(a)]
and for different anisotropy barriers D [Fig. 3(b)] with spin
polarization set to be ξ = 0.9. It is obvious that the NDC
dip can keep stable lineshape for larger J or smaller D. Ex-
change interaction J describes the ability of the SMM to ex-
change spin with the electron while anisotropy D describes
the energy barrier to overcome in spin reversal of the SMM.
For smaller J or larger D, it is difficult to redistribute the oc-
cupation probabilities between doublets |n,±m〉, unfavorable
for the formation of the NDC mechanism mentioned above.
Therefore, in order to observe the NDC experimentally, we
could adjust J and D, leting the former increase or the latter
decrease. In addition, it is noticed that large J shifts the NDC
dip to the high bias with unchanged width of ξ -dependent cur-
rent plateau while large D widens the plateau with unchanged
central position of the current plateau. This can be under-
stood as follows. Since the first step in Figs. 3(a) and 3(b)
corresponds to the level difference 2(ε|1,±1/2〉+ − ε|0,0〉) and
the second to 2(ε|1,±1/2〉+ − ε|0,±1〉), both of which increase
with J. The plateau width is determined by their energy dif-
ference, i.e., 2(ε|1,±1/2〉+ − ε|0,±1〉)− 2(ε|1,±1/2〉+ − ε|0,0〉) =

2(ε|0,0〉− ε|0,±1〉), which is obviously independent of J but is
sensitive to D.
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Fig. 3. (color online) Current I versus bias voltage eVb for (a) different
J with D = 0.04, and (b) different D with J = 0.1. Magnetic leads are
in parallel configuration with ξ = 0.9.

In the above discussions, we consider the situation of fer-
romagnetic (J > 0) interaction between a conducting electron
and SMM’s spin. In a realistic case, the exchange interaction
can be either ferromagnetic or antiferromagnetic (J < 0), de-
pending on the specific type of the SMM. In Fig. 4(a), the I–V
curves are plotted for different ξ for J < 0. Similar to the fer-
romagnetic coupling in Fig. 1(a), the antiferromagnetic cou-
pling also can lead to the ξ -dependent current at a bias win-
dow ε|1,±1/2〉+ − ε|0,0〉 < eVb/2 < ε|1,±1/2〉+ − ε|0,±1〉 (namely,
0.23 < eVb < 0.46 for chosen parameters) and a prominent

NDC at 2(ε|1,±3/2〉+ − ε|0,±1〉) ' 0.3 for strong ξ . The un-
derlying physics stems from the same spin-dependent single-
direction transitions

∣∣1,± 1
2

〉+ →|0,±1〉, which give rise to
the separation between probabilities of degenerate states |n,m〉
and |n,−m〉 (m 6= 0), as shown in Fig. 4(b). Here, the proba-
bilities contributed by the states with m < 0 are dominant and
so a negative magnetic accumulation arises due to the anti-
ferromagnetic exchange interaction, in contrast to the case of
J > 0. Compared with Fig. 1(a), although the ξ -dependent
current in Fig. 4(a) exists in a broad bias range, ξ -enhanced
part is compressed to a narrow region 0.25 < eVb < 0.30 and
the position of the NDC is shifted to eVb = 0.3. The essen-
tial cause is that, for J < 0 the energy of states |1,±3/2〉 be-
comes higher than the energy of states

∣∣1,± 1
2

〉−
and the open-

ing of the channel with energy ε|1,±3/2〉− ε|0,±1〉 is in between
energies ε|1,±1/2〉+ − ε|0,0〉 and ε|1,±1/2〉+ − ε|0,±1〉. This sig-
nificantly reduces P|0,±1〉 and then suppresses the current to
the value even smaller than the unpolarized case in the region
0.30 < eVb < 0.46. When we tune the parameters |J| and D,
the curves have the similar variation as that in Fig. 3. In addi-
tion, one can notice that at eVb = 2(ε|0,±1〉−ε|1,±1/2〉−)' 0.15,
there exists another NDC. Unlike the above case, this NDC
is independent of ξ due to ξ -independent probability distri-
bution. This NDC was reported previously in the unpolar-
ized transport through the SMM.[21] We can interpret the ξ -
independent NDC with the similar physics mechanism. When
new channels |0,0〉 → |1,±1/2〉− are opened, the current at
the first plateau

I =
e
2

W L,+
|0,±1〉→|1,±1/2〉−

is reduced to the second plateau

I =
2e
5
(W L,+
|0,±1〉→|1,±1/2〉− +W L,+

|0,0〉→|1,±1/2〉−).

The latter is smaller than the former due to

W L,+
|0,0〉→|1,±1/2〉− <

1
4

W L,+
|0,±1〉→|1,±1/2〉−

following from the m-related coefficients a−(m) and b−(m).
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Fig. 4. (color online) (a) Current I for different ξ and (b) probabilities
of states with fixed ξ = 0.9 as a function of eVb. Magnetic leads are in
parallel configuration with J =−0.1 and D = 0.04.
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3.2. Shot noise spectra for NDC

To understand the NDC clearly, we further monitor shot
noise spectra (second cumulant), which is frequently applied
to reveal the dynamical correlation between electron channels,
originating from the electron fluctuation in nonequilibrium
transports. Fano factor F , defined as the rate of shot noise to
current, F = S/2eI =C2/C1, is employed to measure the devi-
ation from the stochastic Poissonian statistics (F = 1). We dis-
play the Fano factor F as a function of bias voltage in Fig. 5(b)
for ferromagnetic coupling J > 0 and in Fig. 5(d) for antifer-
romagnetic coupling J < 0. The corresponding currents are
plotted in Figs. 5(a) and 5(c) for reference. Compared the cur-
rent and the corresponding Fano factor, a common pronounced
characteristic for both J > 0 and J < 0 is that the appearance of
NDC in the current is companied with a rapid shrink of Fano
factor: A Fano factor step for J > 0 while a Fano factor dip for
J < 0. This situation becomes prominent with the increase in
polarization ξ . If ξ = 0, the Fano factor is of sub-Poissonian
type (F < 1). For a moderate ξ , e.g., ξ = 0.3 for J < 0, we can
observe the transition of super-Poisson (F > 1) to sub-Poisson
(F < 1) as the applied bias is tuned.
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Fig. 5. (color online) Currents I (a) and (c), and Fano factors F (b) and
(d) as a function of eVb for different ξ . Panels (a) and (b) are for fer-
romagnetic coupling J = 0.1 with D = 0.04, and panels (c) and (d) are
for antiferromagnetic coupling J = −0.1 in parallel magnetic configu-
ration.

Obviously, the underlying dynamical mechanism stems
from the spin-dependent electron transports. There are in-
volved in two types of dynamical mechanism. On the right
of the NDC region, F > 1 is attributed to the dynamical spin
blockade as proposed in Refs. [34], [38], and [39]. In the case
of spin polarization with the parallel alignment, although the

total current is ξ -independent but the spin-dependent currents
I↑ and I↓ are unequal. There exists a fast (I↑) transport chan-
nel and a slow (I↓) transport channel. For the spin-up elec-
trons, it is a longer time waiting during the spin-down elec-
trons tunneling out of the SMM due to time 1/Γ↓ > 1/Γ↑.
However, once this slow process is finished, a large num-
bers of spin-up electrons will consecutive flow through the dot
within a shorter time interval until a spin-down electron tun-
nels in again, giving rise to bunching effect of the spin-up elec-
trons. As a consequence, the increase of ξ makes F exhibit
a sub-to-super-Poissonian statistics crossover. On the left of
the NDC region, besides the above spin dynamical blockade,
the magnetic accumulation, as a super-Poissonian dynamical
mechanism, contributes additionally to F . This mechanism
was studied in strongly asymmetric magnetic single-electron
transistors.[40] One can recall that the accumulation 〈m〉 for
J > 0 is positive while that for J < 0 is negative. For J > 0, the
positive accumulation acts on the electrons via spin blockade
effect, which makes spin-up channel (dominated by |0,1〉

|1,3/2〉) more faster and the spin-down channel (dominated by
|0,−1〉
 |1,−3/2〉) slower. This strengthens spin fluctuation
between two spin channels and presents an F step when the
bias goes through the NDC region. In contrast, for J < 0, the
negative accumulation favors the spin-down electron transport
but hampers the spin-up electron transport. As a result, the
spin-down tunneling instead becomes the fast channel and the
spin-up tunneling becomes the slow channel. The competition
between them leads to a super-Poisson noise. When the bias
approaches the vicinity of dip of F , coexistence of two mech-
anisms leads to the comparable magnitude in two channel cur-
rents. This destroys the competition of two spin channels and
greatly suppresses the spin fluctuation close to the Poissonian
behavior.
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Fig. 6. (color online) (a) Current I and (b) Fano factors F as a function
of eVb for different ξ . Magnetic leads are in antiparallel configuration
with J = 0.1 and D = 0.04.

Finally, we wish to address the situation of the antiparal-
lel magnetization of ferromagnetic leads. The I–V curves for
this configuration are plotted in Fig. 6(a). Here, one cannot
observe the NDC. Besides the complicate multi-step, the main
feature is the suppressed current for finite ξ . This attributes
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to the spin mismatch when an electron transfers from the spin
majority (minority) in one lead to the spin minority (major-
ity) in the other lead. In Fig. 6(b) our calculations also show
that, the shot noise is always of sub-Poissonian type though it
is enhanced with increase of ξ . Compared to the usual quan-
tum dot, the SMM in the antiparallel magnetic configuration
does not exhibit more characteristics except for some steps in
lineshape.

4. Summary
Electronic transport through an anisotropy SMM coupled

to two ferromagnetic leads is investigated by employing the
full numerical statistics approach. We focus on a symmetry
structure with two identical magnetic leads aligned in parallel
magnetization. Interestingly, a polarization-dependent current
is found at certain particular bias region, which is accompa-
nied by the appearance of a prominent NDC for strong leads’
polarization. The present NDC distinguishes remarkably from
the early-proposed mechanism based on either asymmetrical
magnetic structure or magnetic field broken spin-rotation sym-
metry. The underlying physics is the joint effect of the single-
direction transitions and spin-polarized transport. This joint
effect breaks the symmetry between spin-up and spin-down
transitions due to different spin-dependent ejected rates for
two spin species. We present the detailed interpretation by an-
alyzing the occupation probability and the magnetic accumu-
lation in the SMM. We also present the variation of NDC with
magnetic parameters for the cases of ferromagnetic and anti-
ferromagnetic exchange couplings. To understand the dynam-
ical mechanism of the NDC, we further study the shot noise
spectroscopy and find that the NDC is manifested by the de-
crease of Fano factor. It is expected that our results can be
tested in the SMM system as in recent experiments.[4–6]
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