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The Role of Laser Field Effect on Thermo-Spin Transport Properties
through Serially Coupled Quantum Dots System
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Abstract: An analytical model of serially configuration coupled quantum dots system consisting of two splitting spin
strongly hybrid with two normal leads (electrodes) is proposed to investigate the role of laser field on the thermos-spin
tunneling properties, Anderson model are utilized, duo to Coulomb correlation between the two splitting spin energy levels
in each quantum dot. The occupation numbers on each quantum dot are formulated and solved it self-consistently. The
solutions are then used to evaluate the spin currents and the differential conductance. The calculations declare that the total

spin current become enhanced when coupling interaction (3 ,) increases, and the spin differential conductance show two

splitting peaks separated by conductance gap which reflects the Pauli-spin blockade, the energy spacing between splitting
peaks is equal to the value of the (17,). As the value of (1,) increases the spin conductance gap decreases. When the laser
field interact with each quantum dot, the spin differential conductance enhances and induces the photon-assisted (FAT)
peaks in differential conductance spectrum. An interesting results is the observation of photon-assisted (FAT) peak that can

be emerged in the Pauli-spin blockade effects around ( Au = 0) region especially when V|, = fiw = 0.04el .
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1. Introduction due to their ability to regulate charge, spin

. . current and heat flow within the system [2,
One of the most important goal in nanoscale

) . Spin t ling through artificial 1
systems is to understand, and control 3] Spin tunneling through artificial double

: : . tum dot molecules (doubl t t
electrical, spin and heat tunneling through the quantum dot molecules (double quantum dots

. o . led ially) is strongly affected b
system consist of two splitting spin double coupled serially) 1s strongly affected by

L 1 interacti i spi
coupled quantum dots in highly controlled Coulomb interaction, Pauli spin blockade

(P.SB) and the coupling interaction between

double quantum dots (DQD) [4]. The role
Artificially coupled double quantum dot between Pauli spin blockade (P.SB) and

systems have attracted significant interest in

conditions [1].

Coulomb interaction can be exploited to
both theoretical and experimental research
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suppress current flow in one side while
allowing it in the opposite. Under such
conditions, double quantum dots (DQDs)
may function as tunable Spin-Coulomb
rectifiers, making them promising candidates
for spintronic applications such as spin-based

memory elements and transistors.

[5]. Moreover, the double quantum dots
(DQD) system shows some novel physical
properties, including quantum Hall effect,
Kondo effect, Fano effect, thermoelectric
effect and Photon-assisted tunneling effect
(FAT) [6]. The (FAT) has attractive more
attention in recent years due to potential
application in photoelectron and quantum
computing devices [7-9]. When photon
experiences on quantum dot (QD), the (FAT)
effect emerges in the induced photon-current
in system consist of quantum dots (QDs)
embedded between two leads [10], in order to
understand this physical phenomenon, many
different methods had introduced such as
nonequilibrium  Green  function(NEGF)
method, transfer Hamiltonian approach and
the  nonequilibrium  Green's  function
formalism based on Keldysh theory [8,10].
One of the most important features of
quantum dot system is its ability to allow
energy exchange between the electron and
the externally applied field, leading to a new

tunneling channels, rustling an additional

peak that emerge in the Coulomb blockade
reign, this added phenomenon can be linked
to the (FAT) [10, 11]. Quantum dot (QD)
systems are important for studying quantum
effects in thermos-spin transport such as the
spin Seebeck effect, when a thermal gradient
that is applied to the system's various ends
emerges Seebeck effect. The spin Seebeck
effect, produces pure spin current in the
absence of an associated charge current or
spin bias, the latter being characterized by a
difference in the chemical potentials of spin-
up and spin-down electrons. It makes it
possible to use the extra heat produced by
nanostructures to increase thermal device
performance and reduce energy consumption.
This emerging phenomenon provides an
alternative method for manipulating electron
spin and holds potential for direct application
in the development of thermal spin generators

used to power spintronic devices. [12-14].

In this study un extended model calculation
was presented to examine the impact laser
field on thermos-spin transport in a device
consists of two serially coupled double quantum
dots (which have considered as artificial
molecule), attached to normal metallic
electrodes (i.e. left and right leads). Our model
is based on two impurity Anderson model for
serially coupled two atoms chemisorbed on solid
surface.
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2. The Mathematical Model

The two impurity Anderson model is utilized to
model the role of laser filed on system consist of
two serially coupled DQD embedded between
normal metallic electrodes, and supposing there
are only two splitting energy levels in each QD;,
results from Coulomb correlation. The system
considered in this study can be given by the

following Hamiltonian [15, 4]: -

H =H pop +H jeqs + H pop-ieaas +Hop-op

(1

Where

2 2
Hpop =2 > Eln{, +Y Unni,n;7 , is the Hubbard
i=1

o i=l
Hamiltonian of the DQD system, with
E{° =E, +Unj’ —Jny5and
E;° =E, +U,nif —Jn;, tepresents  the OD,
energy level with spino , E; is the QD; effective
energy level and U;, describes the Coulomb
energy between the two splitting energy level in
OD;.nZ,is the occupation numbers of OD; and
cft(c?) represents the creation (annihilation)

operator on the splitting energy level E7.

Hias =22 D EL CPTCF describes the

o a kg
Hamiltonian of the normal metallic electrodes,

where C7*(c7 ) represents the electron creation

(annihilation) operator in the normal metallic

electrode (a), with energy £/ .

2
HDQD,Zgads = ZZZ Z(Vika C;HC;; +H.C.), 1S the
o a i=l ke
Hamiltonian describes the interaction between

the OD; and the normal metallic electrodes
(leads) «, where v, describes the matrix
elements of the QD that strongly coupled with

the normal metallic electrode « .

The last Hamiltonian

Hop_op =Z[(V12C1"+C§' +H.C.)+%J (crregtey ey +H.C))

, describes QD-QD coupling interaction,

represents exchange interaction, where (H.C.)
denotes the Hermitian conjugate.The occupation

numbers»’ can be given by the following

relation [16]:

Po
nf = > K, [pL(E)fJ(E,T)IE :

n=0,%1 UQ
(2)
re r
Ky=—2%— | K,=K, - s
Iy +20 Iy +20

Where u,, is the band bottom chemical
potential of the normal metallic electrodes

(leads) , ¢, is the work function of the normal

metallic electrode (lead) and fJ(E,T,)

represents the probability function for the

1

normal metallic electrode a. 2, :—lImG%(E) Is
T
the density of states on the quantum dots QD;
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that coupled strongly with the normal metallic rore,

19 =2 B2 S K[ P B (B Ta) = [ (E.To)WE
electrode (lead) and G2 (E) is the Green's T, +T3k n=10,-1
(5)

We can write eq. (5) in term of occupation
numbers eq. (2) as;

functions of the QD;with spino , described by

the following relation [17-22].

C.. rere

: r
( )_ Z - . [0 =S 1L 2R K nZ —nd )+ (09, —n?
2 S (E-EZ +nho) +i(T, +T},) NTE T, . % Ly =mop)+(my =mp) i

3)
(6)

2 .
Where T, (E)=27TZ‘Vika‘ S(E-Ey,) 1is the Based on Taylor expansion for the probability
k

function  about£ =5, an  analytical

broadening in the energy levels of oD; [23-25]. formulation was derived to calculate the »° on

Depending on the wide-band approximation, the OD; as the following;

rg will be energy-independent [26-27]. T,
u()a—(yg—lfBTa)-E;Jrnhw) )]
i KL L T (—){H{" w400 7l

ya kgT, - E0 +ato
)
Iritari - Oogj ~ " daij " ia” |
n=0t1 j=+ ‘ ria”k

*

describes the broadening of the energy levels of 17 41

oD; due to laser field interaction. )

[

fig +kpTy - E9 4o |
VLT e e Tl B VLAV AT A
4 . Oaij ™ daij" ia 0T )| i i tia | ’ 5
E—" E; +U;n%% —Jn G+V—G is the ia *Tb (4 ~kpTy ~E})

0 0 1,0
R l.“a*kBTa‘Eij +nho)” + (T, +T)

=

)
2+(r12+r15)~

molecular energy levels, with j=(+,-), if i=1 A, 4 THE] +rho- 4 kgl | ]

thena=L and if i=2 thena=R . Where Cijqfor

different i and j described by following [15, 4]: Where

o Kl . K2 M(()jaij :a0+a1(E;j7—yg)+a3(Ef.7_yg)3 , Ml%u] a1+3”3(E;j7—ﬂg)2
C P = 1 ; C ;= 1

1 ( +j— o 2j ( == Ve MG =303 (EF ~ug) . M, =a3
4)

(5 o0 . 0.25 0.02083333
WlthVo- V12 +(KU) [0— :Ul.m_o— +Jmo_, Wlth ap =0.5, ap =-— , as :—3
kpTy (kBTg)
ny —n3

n? =%and m? = Spin current and the spin differential
conductance can be descripted by the following

The channel of the spin current flows through [4, 30],
the active region (DQDs) can be described by o
the following formula [28-29]. Is=3U7=17) o Gag =50
(®)
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With 7 =79,779,7 and eV, is the spin bias
applied. Notably, the spin current and the spin
differential conductance will be expressed in
arbitrary units.

3. Results and Discussion

The extended theoretical model was highlighted
to investigate the effects of laser field on spin
current and conductance through coupled
quantum dots generated due to the Seebeck
effect which describes the generation of a
voltage as a results of temperature gradient
between the left and right leads in the case

Vio >TZ, with g =0.005eV,

7. =0.003eV, E, = E, =0.005¢V,

U =0.001eV ,J =0.leV . For this purpose, we
use temperature gradient to control the chemical
potential gradient which can be also controlled

by bias voltageel,, = 0.02¢V .

In fig. (1), The total spin current /¢ shows one-

step behavior emerges at a certain temperature
gradient polarity, the width of the step decreases
as the coupling interaction (y,,) increases and
the total spin current become enhanced. As the
laser field exerted on each quantum dot directly,
the step like behavior decreases, when the
coupling interaction (y,,) increases, the step
decreases more and show linear behavior in the

Pauli-spin blockade effect around ( Au=0)

region and the device behaves as resistor in this

region wheny,, =fiw=0.04el .

The spin differential conductance in fig. (2)

show two splitting peaks separated by
conductance gap which reflects the Pauli-spin
blockade, the energy spacing between slitting
peaks is equal to the value of the coupling

interaction (,,). As the value of (y,,) increases

the spin conductance gap decreases. When the
laser field interact with quantum dots, the spin
differential conductance enhances and induces
the photon-assisted (FAT) peaks in differential
conductance spectrum. An interesting results is
the observation of photon-assisted (FAT) peak
that can be emerged in the Pauli-spin blockade
effects around (Au =0) region especially when

Viy = ha =0.04eV .

Fig. (3) Show the spin current as a function of
the energy levels of the quantum dots. For

different values of (1,,). In the absence of laser

field, the spin current spectrum exhibit peaks in
the positive values of quantum dots, while no
spin current flow in the negative value due to the
Pauli-spin blockade effects. When the laser field
exists, the spin current spectrum enhances and
induces the photon-assisted (FAT) peaks in
current spectrum. An interesting result is the
observation of photon-assisted (FAT) peaks that
can be emerged in the negative values of the

energy levels of the quantum dots.
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Fig.(1):The Is as a function of temperature gradient for different values of coupling

interaction, in the case of absence and presence of laser at £, = 0.005¢V,

V.

N

p =0.02eV, 17, =0.003¢V, TS =0.005¢V ,U =0.00leV ,J=0.leV .
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Fig. (2): The G @i as a function of temperature gradient for different values of coupling interaction, in

the case of absence and presence of laser at £, = 0.005¢V,V, =0.02¢V,17,.. =0.003eV

g =0.005eV ,U =0.001eV ,J=0.1eV .
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Fig.(3): The spin current channels as a function of quantum dots energy levels for different values of

coupling interaction, in the case of absence and presence of laser at £; = 0.005eV .V, =0.02¢V,

[[er =0.003¢V, TS =0.005¢V ,U =0.001eV ,J =0.leV .

4. Conclusion

The total spin current /g, shows one-step

behavior emerges at a certain temperature
gradient polarity, the width of the step decreases
as the (y,,) increases and the total spin current
become enhanced. As the laser field exerted on
each quantum dot directly, the step like behavior

decreases, as the coupling interaction (y;,)

increases, the step decreases more and show
linear behavior in the Pauli-spin blockade effect
around ( Az =0) region and the device behaves

as resistor in this region whenj, =fiw = 0.04eV .

The spin differential conductance show two
splitting peaks separated by conductance gap
which reflects the Pauli-spin blockade, the

energy spacing between splitting peaks is equal
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to the value of the (y,,). As the value of (y,,)

increases the spin conductance gap decreases.
When the laser field interact with quantum dots,
the spin differential conductance enhances and
induces the photon-assisted (FAT) peaks in
differential ~ conductance  spectrum.  An
interesting results is the observation of photon-
assisted (FAT) peak that can be emerged in the
Pauli-spin blockade effects around (Au=0)

region especially when}, = iw = 0.04eV .

The tuning of quantum dots energy levels in the
absence of laser field, show that the spin current
spectrum exhibit peaks in the positive values of
quantum dots, while no spin current flow in the
negative value due to the Pauli-spin blockade
effects. When the laser field exists, the spin
current spectrum enhances and induces the
(FAT) current

photon-assisted peaks in

spectrum. An interesting result is the
observation of photon-assisted (FAT) peaks that
can be emerged in the negative values of energy

levels of quantum dots.
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