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ABSTRACT

Topological edge states have crucial applications in the future nano spin- |

tronics devices. In this work, circularly polarized light is applied on the
zigzag silicene-like nanoribbons resulting in the anisotropic chiral edge

modes. An energy-dependent spin filter is designed based on the topologi-

cal-insulator (TI) junctions with anisotropic chiral edge states. The reso-
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nance transmission has been observed in the TI junctions by calculating

the local current distributions. And some strong Fabry—Perot resonances N. =40 ; z
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are found leading to the sharp transmission peaks. Whereas, the weak and
asymmetric resonance corresponds to the broad transmission peaks. In
addition, a qualitative relation between the resonant energy separation Tr
and group velocity vy is derived: Tr=mhvyn/L, that indicated Ty is propor-
tional to vyand inversely proportional to the length L of the conductor. The
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different T between the spin-up and spin-down cases results in the energy-
resolved spin filtering effect. Moreover, the intensity of the circularly

polarized light can modulate the group velocity vy. Thus, the intensity of
circularly polarized light, as well as the conductor-length, play very vital

roles in designing the energy-dependent spin filter. Since the transmission

gap root in the Fabry—Perot resonances, the thermoelectric (TE) property can be enhanced by adjusting the gap. A schedule
to enhance the TE performance in the TI-junction is proposed by modulating the electric field (E,). The TE dependence on
E, in the nanojunction is investigated, where the appropriate E, leads to a very high spin thermopower and spin figure of
merit. These TT junctions have potential usages in the nano spintronics and thermoelectric devices.

Keywords electron transport, topological edge states, 2D materials, spintronics, thermoelectric effects

1 Introduction extensive interest because of their unique properties.

Also, the compatibility of silicene-like materials with the
In recent years, two-dimensional (2D) silicene-like existing semiconductor industry has stimulated
materials [1-5], such as silicene, germanene, stanene, and researchers to investigate its transport properties [6-13].
some other silicene-derived materials, have attracted Compared with graphene, silicene-like materials have a
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strong intrinsic spin-orbit coupling (SOC) [1, 14]. The
SOC is large enough to open a bulk band gap at the
Dirac point making the silicene-like materials good
candidates for the 2D topological insulators (2DTIs) [6,
15]. In addition, the main property of TIs is bulk-state
insulation and edge-states conduction on the surface.

2DTIs include the quantum spin Hall effect (QSH),
and the quantum anomalous Hall effect (QAH) [1, 14,
16, 17]. According to the bulk-edge correspondence, the
QSH effect corresponds to helical edge states [18], while
the QAH effect corresponds to the chiral edge state [18].
Also, the QSH state can be converted into a QAH state
in the presence of circularly polarized light (CPL) [6, 18,
19]. For 2DTIs based on silicene-like materials, studies
have shown that the CPL can generate the anisotropic
chiral edge (ACE) modes [18, 19]. The ACE mode has
the characteristics that both of the spin-up and spin-
down edge states move in the same direction, but the
group velocities are different [18, 19]. The topological
edge states, varying with the external field, have been
intensively used to design topological transistors and
spin filters. For example, there have proposed some spin
filters based on TI heterojunctions [6, 8, 9, 19]. One can
manipulate the spin filtering property by changing the
directions of the topological edge states. Zheng et al. [12]
proposed a topological transistor based on Xenes (X =
Si, Ge, or Sn) which show features of a topological insu-
lator. By modulating the off-resonant circularly polarized
light, the topological transistor can be switched between
on-state and off-state. However, as far as we know, the
research on energy-resolved spin filter based on TT junctions
is still limited.

Traditionally, thermoelectric devices have not been
widely used due to their high cost and low efficiency.
The main obstacle to improve their efficiency is the
interdependence between the conductance and the thermal
conductivity. In analogy to the charge Seebeck effect,
the ability of a thermoelectric material to convert a
temperature gradient into a spin current can be
measured by the spin figure of merit, which is defined
ZT = S2|G|T /(K. + Kp) [20]. In order to get a large
quantity Z; T, higher spin conductance G;and thermopower
S, but lower thermal conductance K, 4+ K, are required.
The TIs based on silicene-materials are quite promising
where the band gap opened by the strong SOC can
enhance S;. In addition, the edge modes are topologically
protected against scattering while phonons are significantly
scattered [20]. And it is also shown that the effect of
phonon scattering effects weakens as the channel lengths
of the nanodevices is longer than the mean free paths
[21]. Specifically, as the width of silicene-like nanoribbons
(SiNRs) decreases, the transport of edge modes remains
unchanged but the lattice thermal conductance is
further depressed [20, 22]. These unusual properties
make the TIs suitable for high-performance thermal
spintronic devices [23-26]. However, as far as we know,

the thermoelectric properties of the TI based on SiNRs
are less known so far.

In this work, we propose an energy-dependent spin
filter with the TI junctions made from zigzag silicene-
like nanoribbons (ZSiNRs). Circularly polarized light
(CPL) is applied on the left/central /right region resulting
in the ACE modes. We find the intensity of CPL, and
the conductor length plays very vital roles in designing
the spin filter nanodevices. Using the local current
distributions, we also find the relationship between the
resonances and peak broadening. In addition, we also
show how to improve the spin thermopower and spin
figure of merit by modulating the external field in the
TT junctions system, which indicates promising thermo-
electric applications.

2 Model and methods

The TT junctions made from the ZSiNRs consist of three
parts: Lead 1, Conductor, and Lead 2 (Fig. 1). The
current is incident from Lead 1 and finally transmitted
into Lead 2. We use the tight-binding model for the
system as below [6, 14]:

A
H=-t el ciptitso
(ga 7 3V3

Z Vij CIJJUU/CJ'U'
((i,5))0,0’
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(1)

!, and c¢;, are the creation (annihilation) operator
of the electron with the spin o(c =1]) at site ¢ (i,;) and
{(i,5)) run over all the nearest and the next-nearest-
neighbor hopping sites. The first term denotes the nearest
coupling of electrons. The second term denotes the
intrinsic spin—orbit interaction. In this paper, we use
some silicene-like materials with ¢t=1.6eV and \,, =
0.03t [6]. The ), value is close to that of germanene [14,
27]. The oZ,, is the z component of 2 x 2 Pauli matrix
with spin indices ¢ and ¢’. We set v;; = —1, when the
hopping is clockwise to the positive zaxis; otherwise,
v;; = +1. The third term is the potential with the staggered
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Fig. 1 Schematic diagram for the ZSiNRs-based two-
terminal system. The device consists of three ZSiNRs (Lead
1, Conductor, Lead 2). The real size parameters in our study
are Ny = 16, and N, changes with the need of our study. The
temperature gradient AT =T, — Tr is applied on two leads
for the thermoelectric property calculations of the TI junc-
tions.
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electric field (F,) with pu; = +£1 denoting A or B sublat-
tice, where e is the electron charge and [ is the buckling
thickness of ZSiNRs. The last term is the off-resonant
CPL where the sign of \n depends on the right or left
circulation [6, 28]. Here we note that the CPL is applied
on the whole parts of the TI system. In each part of the
TT junctions, there may exist different \q values, which
will be detailed later.

According to the bulk-edge correspondence, specific
topological phase is characterized by Chern numbers
corresponds to specific topological edge states in ZSiNRs.
To explore the topological phase of the silicene-like
materials, we rewrite the Hamiltonian (1) as the function
of the Bloch wavevector in the k-space. Then, near the
K and K’ points, we approximate the Hamiltonian in the
low energy range as [6, 9]

HY = hvr (nT2ks + Tyky) + (NoAso + 1A + €lE) 72,
(2)
3

where vp = @ is the Fermi velocity with a lattice
constant a, n=+1 for K or K' point (valley) and
o = +1(-1) for spin-up (spin-down) case. 7 = (1,,7,,7.) is
the Pauli matrix of the sublattice pseudospin for the A
and B sites. According to Eq. (2), the spin-valley
involved energy spectrum reads

Eyo =/ (hurpk) + (A7)°. (3)
The gap is given by 2A7, where A7 =nolg, +nio+elE..
The Chern number is determined by the signs of valleys
and the Dirac mass: C,, = Zsgn (A7) [14]. The total
Chern number C and the spin Chern number C;
are defined as ¢ =Cf +CF +C{<' + Cf(’ and C, = Cf+
CK' — cF — C[ respectively. By calculating (C,C,), we
obtain the topological phases of the corresponding edge
states.

The spin-dependent transmission from lead 7 to lead j
can be expressed as [6, 19]

T5(E) = Tr [I7(E)G™ (E)IY (E)GY(B)],  (4)

where GF7(E) and GA7(E) are the retarded and
advanced Green’s function with spin o; I'7(E) (i = 1 or

3

2) is the spin-dependent linewidth function of the lead 4,
which is defined as 17 (E) =i [Ef"’(E) - EZ.A"’(E)} , where
»7(E) and =7 (E) are the retarded and advanced self-
energy function of the lead i, respectively. The retarded
(advanced) Green’s function is calculated as

—1
GENe (B) = [(E+i6)I — HE - > =7 (E)
(5)

where § is a very small positive number HZ is the
Hamiltonian of the conductor, and I is the identity

matrix with the conductor dimension.

The spin-dependent Seebeck coefficient (S,) can be
derived from the spin-dependent electronic transmission
probability by defining an intermediate function
Lo (E,T) (n=0,1,2) as [26, 29, 30]

“+oo
2 of n
L=t [ (~55) E- B TENE. O
where h is the Planck constant, f = [exp((E — Ef)/

KpT)+1]71 is the Fermi distribution function at Fermi
energy Er with temperature T, and Kp is the Boltzmann
constant. Then, one can define a spin-dependent Seebeck
coefficient as S,

1 Ly, (B, T)

S, (Fp) = — .
(EF) T Lo, (Ey,T)

(7)

The spin Seebeck coefficient Ss is calculated as

S.(Er) = 51— 5. (8)

Other spin-resolved thermoelectric coefficients (elec-
tronic conductivity G, and electronic thermal conductivity
K,,) can be written as a function of the L,,(Eg, T):

GO-(EF) = 62[/00(E'F7 T), (9)

Lo (Eg, T)?

1
Koo (Fy) = -
oo (EF) Loo(Er, T')

T [Lao (ER, T)

J (10)

Finally, we can define the spin conductance G,, and
the electron thermal conductance K., of the forms
Gy =G+ — G|, K. = K¢+ + K., respectively. Once G, S;,
and K, are known, the spin figure of merit
Z,T = S?|G4|T /K. can be calculated.

For the TIs, the phonon thermal conductance can be
remarkably suppressed by reducing the system’s width
and temperature or introducing magnetic perturbations
(e.g., defects or disorders) into the system [20]. Thus, in
the work, as the temperature and the width of the
system are chosen to be comparatively small,
neglected the phonon contribution to thermal conductance
and focus our discussion on the influence of electrons.

We investigate the detailed current transport path of
the TI junctions by calculating the local bond current
distribution in the lead and conductor regions. The
energy-dependent local bond current between site ¢ and j
is given below [8, 31, 32]:

J5(E) = H,G5*(BE) — G57° (B)H;

R

we

(11)
where G<*(E) is the lesser Green’s function in the

energy domain expressed as

G<3(E) = —iGR*(B)T3(E)GA*(E), (12)

and Hy; is the relevant matrix element of the conductor’s
Hamiltonian.
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3 Results and analysis

3.1  Topological phase and corresponding edge state

From the Chern number formula above, one can obtain
the relation of the topological phase and external fields.
We consider only the light-field term in the ZSiNRs
system. One can find that if —)\,, < g <M\,, the
topological numbers are (C, C5) = (0, 1) or (0, —1). This
is the QSH state characterized by the locking between
the spin and momentum directions of edge states, corre-
sponding to the helical edge state [Fig. 2(a)] for the
band structure and the edge state diagram. In this work,
we obtain the QSH state with the \q = 0, because the
pristine silicene-like materials are a QSH insulator due
to their strong SOC effect.

When \q < —\,,, the topological numbers are (C, C;) =
(2, 0), which is a QAH state corresponding to the ACE
modes. As shown in Fig. 2(b), the dispersion branches of
the spin-down edge states are steeper than those of the
spin-up states. Thus, the spin-down edge modes here
move more quickly compared to the spin-up modes. If
Aa > Ao, the topological number are (C, C5) = (-2, 0)
and the moving directions of the edge modes are
reversed entirely along each edge. In addition to the
moving directions, the magnitudes of the group velocities
for the edge modes are also flipped. Figure 2(c) demon-
strates that the spin-up edge modes are accelerated
strikingly while the spin-down modes are modified
slightly. These results reveal that one can modulate the
edge state properties (spatial distributions and spin
orientations) by adjusting the light field.

In the following section, we will show how to design
the energy-resolved spin filter by combining these topo-
logical states. Furthermore, we also show how to
enhance TE properties in the TI junctions system.

3.2 Energy-resolved spin filter

Now we design the energy-resolved spin filter in the two-
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Fig. 2 Three types of TI edge states and their energy
bands for ZSiNRs. (a) QSH state with Chern number (0, 1);
(b) QAH state with Chern numbers (2, 0) (Ao = —0.15¢);
(c) QAH state with Chern numbers (-2, 0) (Aq = 0.15¢). The
red (blue) arrows or bands in the figures denote the spin-up
(down) case and the red and blue bands overlap in (a). The
other fixed parameters in all the cases are: N, = 16,
Aso = 0.03t.

terminal TT junctions system. In the numerical calcula-
tion, the conductor’s length is first chosen as N, = 40
and we mark this system by using 40-TI. Both Lead 1
and Lead 2 are set as the QAH state ((C, C;) = (2, 0))
by applying the LCP light with A\ = —0.15¢. And the
conductor is also set as the QAH state but with (C, C;) =
(-2, 0) by applying the RCP light (\q = 0.15¢). The spin-
resolved transmission curves, cartoon diagram of edge
state, and local current distribution are presented in Fig.
3 below.

From Fig. 3(a), there appear the Fabry—Perot resonances
(FPR) [6], which gives rise to the sharp oscillations in
the transmission spectrum. As can be seen, the transmit-
tance for both spins oscillates from 0 to 1 around the
Fermi energy. One can find the spin-dependent trans-
mission peaks have symmetric line shapes and approxi-
mately the same energy separation. Moreover, the differ-
ence between the spin-up (red line) and spin-down (blue
line) transmittances reveals a spin-polarized current, and
the polarization is shown by a dotted line (magenta).
We find that the spin filter efficiency varies from 0%
through 100% around the Fermi energy. This indicates
that an energy-resolved filter can be obtained in this TI
junctions system. Figure 3(b) shows a cartoon diagram
of the edge states in the system, and the length of the
arrow is proportional to the group velocity. To show the
detailed transmission mechanism in real space, the corre-
sponding local current distributions at a specific energy
(E = 0.01373 eV) for different spin are calculated in Fig.
3(c). The transmittance at this energy point for spin-up
and spin-down is 0 and 1, respectively. For convenience,
we use n = 1 to mark the specific energy point (E =
0.01373 eV) of the spin-down peak and n = (2, 3, 4, 5)
for other peaks. As illustrated in Fig. 3(c), the spin-
down current (blue arrow) is strongly reflected in the
lower TT edge since the edge states between the Lead 1
and the Conductor have opposite directions. Thanks to
the topological protection, the reflected spin-down
current flows upward along the Lead 1/Conductor
boundary to the upper edge. Then it turns rightward in

@) 1234 5 M)
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Fig. 3 (a) Transmission spectra from Lead 1 to Lead 2
(red: spin-up; blue: spin-down; magenta: spin-polarizability).
(b) Cartoon diagram of the edge states in ZSiNRs-based spin
filter. (c) Local current distribution of the spin filter around
the Fermi level (at £ = 0.01373 eV). The fixed parameters
are: N, = 16, N, = 40, t = 1.6 eV, Aq = 0.15¢ and X,, = 0.03¢.
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the upper edge and flows downward along the Lead 2/
Conductor boundary to the lower edge. Finally, the spin-
down current turns leftward in the lower edge and the
FPR current vortex forms. We notice that in the
Conductor, the current loop appears very obvious due to
a very strong current resonance, which seemingly results
in a very small current in the lead regions. In a previous
study, there have reported this result [6]. At the same
time, the spin-up current (red arrow) is fully reflected.
Therefore, one can obtain a perfect spin-down polarized
current at this energy. All the above results show that
the spin filter with energy-resolved can be obtained by
applying the CPL in the ZSiNRs.

However, two detailed questions still need to be
answered. First, the broadening of transmission peaks
(marked by n) increases with increasing the energy, and
whether these peaks correspond to the same local
current distribution? Second, what is the mechanism of
the different peak separations? In the next, we will have
a deep discussion on these issues.

From Fig. 4 and Fig. 3(c), we see that the local
current distribution varies for the different transmission
peaks (n). The FPR current vortices occur when n = 1,
2, 3, and 4, but the resonance is weakened with increasing
n value. In other words, the FPR is weakened with
increasing energy. Furthermore, the current vortices
disappear when n = 5, indicating that the peak (n = 5)
at the higher energy is not due to the resonance. In
addition, one can find obvious bulk current in the peak
of n = 5. We believe that resonance weakened or even
disappeared at higher energy is the result of the gradually
strengthened bulk transport.

For the second question, one can understand it in the
following way. As referred to Section 1, the QAH corre-
sponds to the chiral edge state. Furthermore, the spin-
up and spin-down have different group velocities which
is an anisotropic chiral edge state (ACE) [18, 19]. From
Fig. 3(b), one can find that the spin-up edge modes in
Lead 1 and Lead 2 are modified moderately while in the
conductor are accelerated obviously. In Lead 1 and Lead
2, the spin-down edge modes move faster than those in
the conductor. Therefore, when spin-dependent current
incidents from Lead 1 and eventually transmits from
Lead 2, the spin-up current goes from low to high and
then to low speed (the L-H-L transport process) corre-

@

(b)

Fig. 4 Local current distribution for the TI junctions in
Fig. 3 for different energy peaks (a) n=2, (b) n=3, (c) n=
4, and (d) n = 5 peaks.

sponding to a large resonant separation period (7T) [Fig.
3(a)], while the spin-down goes opposite process (the
H-L-H transport process) with a smaller resonant
period [Fig. 3(a)]. Therefore, the difference in group
velocity between the leads and conductor is the essential
cause of transmission splitting of the two spin cases. We
will analyze this in a quantitative way below.

As far as we know, previous references only obtained
the relation of separation period (Tg) as Tr = ¢/L [6, 33]
in a similar TT system, where g is the state degeneracy
and L is the length of the conductor. However, in this
work, we find the qualitative relationship between Tpg
and the group velocity (v;). One can understand it in
the following way: For FPR, the electron wavelengths in
two resonance peaks (\; and );) obey the relations

mAL = 2L, then we have - — m L _ne

ng)\g =2L )\1 2L )\2 2L

And in the gapless Dirac equation of the TI materials,
E1(2> = h’l}.fkl(g) = hvf%, then AE=E —E,= M%
(n=mn; —ny). Here AE is nothing but Tk Thus, the
separation period is proportional to v; and inversely
proportional to L. Now we have answered the second
question: the transmission splitting results from the
difference in v; of two spin electrons in the conductor
(resonance) region.

In the following discussion, we will show how to
control the energy-resolved spin filters by modulating
the length of conductor and the light intensity.

As shown in Fig. 5, we take the conductor length and
the light intensity into account. In Figs. 5(a)—(c) and
Fig. 3(a), we plot the transmittance with a fixed light
intensity (Mg = 0.15¢) and various conductor lengths (Ny).
As the conductor length increases, the peak separation
(Tx) becomes smaller and the number of peaks becomes
more in a certain energy range. Also, the polarization
curve oscillates more rapidly near the Fermi energy.
Thus, the length modulation can improve the efficiency
of the energy-resolved spin filter, leading to a perfect
filter at a specific energy point. Figures 5(d)—(f) and Fig.
3(a) show the transmission spectra with different light
intensities. The numbers of peaks are unchanged for a
fixed length, while the peak separation for two spins gets
larger with increasing the light intensity. This can be
explained by the formula we derived: Ty = w From
the band calculations, we know that a larger light intensity
leads to a larger group velocity, thus a larger Ty value.
In addition, we find that the oscillation period of spin
polarization decreases with increasing the light intensity.
This is due to the large peak separation when the light
intensity is raised. Therefore, one also can modulate the
polarization of the spin filter by adjusting the light
intensity.

3.3

Spin thermoelectric performance

The transmission gap studied in the above TI-junction

Jia-En Yang, Front. Phys. 17(6), 63504 (2022)
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Fig. 5 (a—c) Transmission spectra for different lengths of conductor with a fixed light intensity: (a) 20-TI, (b) 60-TT and
(c) 80-TI; (d—f) Transmission spectra for different light intensity with a fixed length of conductor (d) Ao = 0.08t,

(e) Ao =0.12t and (f) Ag = 0.25¢t. Other fixed parameters are the

system root in FPR. Generally speaking, the transport
gap can result in a large thermopower (S,) and ZT [26]
because of the sudden jump of the transmission coefficient
near the gap edge, which is very beneficial for the ther-
moelectric transport. Therefore, one can expect there
has a very high thermoelectric performance in these TI
junctions. Figures 6(a) and (b) show the results for the
spin-dependent thermopower (S,), spin thermopower
(Ss), and spin figure of merit (Z;T) versus the Fermi
energy, obtained from the transmission curves of Fig.
3(a) at T = 50 K. Figure 6(a) shows more frequent
Seebeck coefficient peaks per unit energy and the sign of
the thermopower can be selected by varying the Fermi
energy with achievable values as high as 4200 uv/K,
revealing an odd function for Eq. (7). One can see that
the number of transmission peaks and S, are the same
at a given energy range. Since S, is relevant to the slope
of T, at lower temperatures [34], it is obviously changed
near the resonance peak due to the rapid change in T,.
In addition, S; has a similar variation tendency to S,
due to S = Sy — §;. With the calculation of the electronic
conductivity (G,) and electronic thermal conductivity
(Ker) by Egs. (9) and (10), we obtain the value of ZT.
Figure 6(b) shows this system has a high density of ZT
peaks over a small energy range. And the value of Z,T
can achieve 0.35 at a specific energy.

Figure 7 shows the spin-dependent thermopower S,
spin thermopower S;, and spin figure of merit Z;T versus
the Fermi energy with different electric fields (Ez) for
the 40-TT junction. From Figs. 7(a)—(c), we see that the
number of thermopower peaks decreases with enhancing
the E7 value. In addition, the slope of the spin-down

same as Fig. 3.

(a) 200 - (b) 0.4

100 / b 0.3

S WY

2 o~ ] &o2

Cof Y / Sl o
. i -5,

0 . e e .
-0.15-0.1-0.05 0 0.05 0.1 0.15
Ey (eV)

00 - : : . —
-0.15-0.1-0.05 0 0.05 0.1 0.15
Ly (eV)

Fig. 6 (a) Spin-dependent thermopower (S,) and spin
thermopower (S;) vs. the Fermi energy (Er); (b) Spin figure
of merit (Z;T) vs. the Fermi energy Ep. The system is of 40-
TI junctions with 7' = 50 K. Other parameters are the same
as Fig. 3.

thermopower curve dramatically drops near zero energy,
even becomes almost flat, which is different from the
spin-up thermopower. One also can notice that the
maximum absolute value of S; increases with enhancing
Ez from 0.07t/(el) to 0.14t/(el), but slightly decrease with
continuously enhancing Ey from 0.14¢/(el) to 0.16¢/(el).
The result indicates that we can obtain the optimal
thermopower by applying appropriate Ez.

These striking features of thermopower we have
discussed above can be understood from the results of
the corresponding transmission. As shown in Figs. 7(a2)—
(c2), the number of transmission peaks decrease, and the
transmission gap of spin-dependent increase with
increasing the FEz value. Thus, the decrease in the
number of thermopower peaks is attributed to the
reduction in the transmission peaks. We can see that the
changes in the gap for spin-down electron are more
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Fig. 7 (a—c) The dependence of spin thermopower S, on the Fermi energy (Er) with different electric fields (Eyz). (al) and
(a2) for Ez = 0.07t/(el); (bl) and (b2) for Ez = 0.14¢/(el); (cl) and (c2) for Ez = 0.16¢/(el).

pronounced than the spin-up electron, which lead to a
smaller and flatter curve in the spin-down thermopower
than the spin-up one near the zero energy. Thus, the
maximum absolute value of S, (S; = S; — S)) is increased
by increasing Ez.

Figure 8 shows the spin figure of merit of this system
under different electric fields. As shown in the figure,
the Z;T value dramatically increases as Fz increases, and
this feature is particularly pronounced around Fr = 0
due to the marked increase in the spin thermopower.
However, the value of Z;T increases to maximum when
E7=0.14t/(el). This result indicates that the TT junctions
with some appropriate electric field is a favorable candidate
for the high-performance thermoelectric device.

4 Conclusions

In summary, we use the TI hetero junctions made from
the ZSiNRs to design an energy-dependent spin filter. In
the TI junctions, we find that the strong FPR current
vortices correspond to the sharp transmission peaks. On
the contrary, the weak the resonance leads to the broad
transmission peak. We also find the qualitative relation-
ship between the resonance peak separation period (Tg)
and the group velocity: the current with a higher speed
in the conductor region than in the leads corresponds to
a large Ty, while the current with a lower speed in the
conductor has a small T. The different Tk between the
spin-up and spin-down cases is essential for the energy-
resolved spin filtering effect. We also find the intensity
of CPL, as well as the conductor-length, play very vital
roles in designing the energy-dependent spin filter.

15
...... E~0 :
- £,=0.071/(el):
= E,~0.141/(el):
101 E~0.160/(el);
N
5_
-0.15 -0.1 -0.05 0 005 01 015
Energy (eV)

Fig. 8 The spin figure of merit (Z7) as a function of the
Fermi energy Er with different £z values for 40-TI junctions.

In addition, we also propose to enhance the TE
performance based on the resonances in the TI junctions.
The mechanism is that the transmission gap can result
in large S, and ZT values for the sudden jumps in the
vicinity of the gap edge. In the TT junctions, the resonance
can lead to the gap near the Fermi energy. Thus, a high
spin thermopower and spin figure of merit may be
achieved by applying the appropriate electric field.
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