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Abstract 

The spin transport process through quantum dot molecular, embedded between two ferromagnetic leads in parallel 
configuration with the presence of spin accumulation, is studied by getting use of the non-equilibrium Keldysh – Green’s 
function technique. The electron-phonon coupling can be implicitly considered in the model, using the canonical 
transformation where a single phonon mode is considered in the strong electron – phonon coupling regime. Since the 
heat may interchange between the quantum dot molecular and the phonon bath coupled to it. And as the principle aim 
of our study is to determine the parameters that afford high spin (charge) heat generation, that must be avoid in the 
experimental applications, all the spin transport properties are investigated throughout the calculation of the spin and 
charge accumulation on the quantum dot molecular, the spin polarized currents, the spin and charge currents, the spin 
polarized heat generations, the spin heat generation and the charge heat generation. The calculations are accomplished 
as a function of the model calculation parameters that can be tuned experimentally. The spin blockade and the negative 
differential phenomena are investigated since the spin transport properties are studied extendedly in the case of a 
parallel configuration in the leads. It is concluded that the operative and functional values of the bias voltage can be 
determined by single phonon energy and the electron-phonon coupling values. Since all our calculations are 
accomplished for electron-phonon coupling equals 0.05eV. 
Finally, we must report the following: in the case of parallel configuration with high spin polarization, the spin heat 
generation equals the charge heat generation and both are relatively high where the intradot interaction has no role. 
While, as the spin polarization is lowered then the charge heat generation be greater than the spin heat generation when 
the correlation energy is relatively low. 
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Introduction

Mesoscopic physics can be defined as the study of 
quantum electronic phenomena, in the atomic 
domain, that are realized low dimensional 
nanostructures ranging from tens of nanometers up 
to micrometers. The heat flow in these structures 
had become a very interesting research topic for 
attractive and viable reasons [1,2]. The heat 
produced in such dimensions may be broken down 

the structures’ stability. This problem leads many 
researchers to investigate and understand the heat 
generation and heat transport in nanodevices 
coupled to phonon bath [3]. The heat is exchanged 
with the environment through contact electron 
reservoirs and phonon bath [4]. 
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The electrons or phonons in such devices are at most 
driven by electric bias voltage or thermal bias as 
well as spin bias in recent spintronic applications. 
So, the motion of electrons and phonons are not 
isolated, their interaction must be taken into 
consideration in studying the electron and phonon 
transport [5]. 
In ‘heat’ engineering applications, as the size of the 
electronic devices decreases to the nanoscale, the 
heat dissipation and conduction in these devices 
become pivotal issues which dramatically change 
the electronic properties. Many general models are 
needed for the role of the electron – phonon mutual 
interaction [6]. 
In our study, the nonequilibrium Green’s function 
method is based to study and analyze the heat 
generation in current flow through quantum dot 
molecular embedded between two ferromagnetic 
leads, this describes the electron subsystem [7]. 
While the phonon subsystem is described by the 
phonon bath. Since it is assumed that the        
electron-phonon coupling is stronger than the 
electronic one. The heat generation, from both the 
electron and the phonon points of view, is studied by 
introducing a self-consistent solution. When the 
electron-phonon interaction is strong, a canonical 
transformation can be used to study toy models 
system. Therefore, the device temperature might 
become very high due to heat accumulation to point 
that the devices will not have proper function. In 
general, two theoretical models are considered to 
treat the above-mentioned system. The first 
treatment is accomplished by using the Density 
functional theoretical which models the active 
region and the contact regions extendedly. The 
second one is based on modeling takes into account 
all the parameters that related to the active region 
and leads. The theoretical treatment considered in 
our study is of the second type[8,9]. This treatment 
can investigate the extra degree of freedom such as 
mechanical and magnetic degree of freedom which 
leads to phonon and spin dynamica [10-12]. 
The system under consideration consists of a 
quantum dot molecular coupled to the left and right 
ferromagnetic leads (parallel configuration in the 
presence of spin accumulation) throughout tunnel 
junctions. The quantum dot molecular is also 
coupled to phonon bath, since the electron-phonon 
coupling is considered. In this study, we will 
determine the ascertained conditions for the 
operation of a quantum dot molecular with (and 
without) minimum heat generation. 
 

Theoretical Description 

The system under consideration is described by the 
following Hamiltonia [1,2]: 

H = ∑ Ekα 
σ Ckα

σ+ Ckα

σ
kα,σ

+ ∑ [σ Ed + λph(Cph
+ +

Cph)] Cd
σ+Cd

σ + UCd
σ+ Cd

σ Cd
−σ+ Cd

−σ + ћωph Cph
+  Cph +

∑ (Vkαd
σ Ckα

σ+ Cd
σ + Vdkα

σ Cd
σ+ Ckα

σ )kα,σ
  (1) 

The first term describes the left (α=L) and right 
(α=R) leads with Ckα

σ+(Ckα

σ ) is the creation 

(annihilation) operator of an electron with 
momentum k, energy Ekα

σ and spin σ.The second and 

third terms are related to quantum dot Cd
σ+(Cd

σ) 
creates (annihilates) an electron with energy Ed and 
inteadot coulomb interaction U. Cph

+ (Cph) is the 

creation (annihilation) operator of a phonon having 
energy ћ𝜔𝑝ℎ and the quantity 𝜆𝑝ℎrepresents 

electron – phonon coupling strength. The fourth 
term regards the single phonon mode and the last 
term describes the coupling interaction between the 
quantum dot and the leads where Vkαd

σ  represents 

the spin – dependent tunneling matrix element. In 
this treatment a canonical transformation was used 
to element the electron – phonon coupling terms; 
H̃=X̂HX̂+ and the operator  

X̂ = exp [
𝜆𝑝ℎ

ћ𝜔𝑝ℎ
∑ (𝐶𝑝ℎ

+ − 𝐶𝑝ℎ)𝜎 𝐶𝑑
+𝜎  𝐶𝑑

𝜎 ] [13]. By 

transformation, the Hamiltonian reads: 

𝐻 = ∑ 𝐸𝑘𝛼

𝜎 𝐶𝑘𝛼

𝜎+𝐶𝑘𝛼
+𝑘𝛼𝜎 ∑ 𝐸̃𝑑𝐶𝑑

𝜎+𝐶𝑑
𝜎

𝜎 +

Ũ𝐶𝑑
𝜎+𝐶𝑑

𝜎𝐶𝑑
−𝜎+𝐶𝑑

−𝜎 + ∑ (𝑉̃𝑘𝛼𝑑
𝜎  𝐶𝑘𝛼

𝜎+𝐶𝑑
𝜎 + 𝑉̃𝑑𝑘𝛼

𝜎 𝐶𝑑
𝜎+𝐶𝑘𝛼

𝜎 )𝑘𝛼𝜎 (2) 

The quantum dot effective energy level 𝐸𝑑  is 
renormalized to 𝐸̃𝑑=𝐸𝑑-g ћ𝜔𝑝ℎ and the intradot 

correlation energy to Ũ= U – 2gћ𝜔𝑝ℎ , with 

g=(𝜆𝑝ℎ ћ𝜔𝑝ℎ⁄ )2, 𝜆𝑝ℎ represents the electron- 

phonon coupling interaction. The coupling 
interaction matrix element is also renormalized to 
𝑉̃𝑘𝛼𝑑

𝜎  = 𝑉𝑘𝛼𝑑  
𝜎 X, with X= exp[-g( 𝐶𝑝ℎ

+ - 𝐶𝑝ℎ)] represents 

the phonon operator. And as 𝜆𝑝ℎ > 𝑉𝑘𝛼𝑑
𝜎 , then the 

phonon operator can be replaced by the expectation 
value of X, <X>= exp[-g(𝑁𝑝ℎ+1 2⁄ )], where 𝑁𝑝ℎ(=

1 [𝑒𝑥𝑝(ħ𝜔𝑝ℎ 𝑘𝐵𝑇𝑝ℎ⁄ ) − 1]⁄ ) represents the phonon 

distribution function. 𝑇𝑝ℎ and 𝑘𝐵 are the phonon 

bath temperature and Boltzman constant, 
respectively. By using Keldysh nonequilibrium 
technique [14-16], the transmition coefficient reads 

𝒯σ(E) = −
Γ̃L

σ Γ̃R
σ  

Γ̃σ  Im G̃rσ(E) and   G̃rσ(E) represents 

the retarded green’s function: 
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G̃rσ(E) =   {[
E−Ẽd−Ũ((1−nd

σ)

(E−Ẽd)(E−Ẽd−Ũ)
]

−1

+ i
Γ̃σ

2
  }

−1

 (3) 

By calculating G̃rσ(E), the other Green’s functions 
can be found, the advanced Green’s function read as 
𝐺̃𝑎𝜎(𝐸) = [𝐺̃𝑟𝜎(𝐸) ]⋆, the lesser Green’s function 
𝐺̃< 𝜎(𝐸)  = 𝐺̃𝑟𝜎(𝐸) ∑ (𝐸)𝐺̃𝑎𝜎(𝐸)῀<𝜎  and the greater 
Green’s function 𝐺̃>𝜎(𝐸)  =
𝐺̃𝑟𝜎(𝐸) ∑ (𝐸)𝐺̃𝑎𝜎(𝐸)῀>𝜎 . Accordingly the lesser 
(greater) self-energy will be ∑ (𝐸) =~ <𝜎

 𝑖 [ 𝛤̃𝐿
𝜎𝑓𝐿

𝜎(𝐸) + 𝛤̃𝑅
𝜎𝑓𝑅

𝜎(𝐸)] (∑ (𝐸) =~ >𝜎

− 𝑖 [ 𝛤̃𝐿
𝜎(1 − 𝑓𝐿

𝜎(𝐸)) + 𝛤̃𝑅
𝜎(1 − 𝑓𝑅

𝜎(𝐸))]), where 
𝑓𝛼

𝜎(𝐸) is the spin dependent Fermi distribution 
function; 𝑓𝛼

𝜎(𝐸) = 1 {𝑒𝑥𝑝 [𝐸 − 𝜇𝛼
𝜎] 𝑘𝐵𝑇𝛼 + 1⁄ }⁄ . 𝜇𝛼

𝜎  
and 𝑇𝛼are the spin dependent chemical potentials 
and the lead temperature, respectively. The             
line-width function 𝛤𝐿

𝜎 means the broadening in the 
effective energy level of the quantum dot molecular 
due to coupling with the energy levels of the left and 
right leads; since 𝛤𝛼

𝜎 =2π | 𝑉𝑘𝛼𝑑
𝜎  |2 ⍴𝛼 

𝜎  and the 

transport line width function reads 𝛤̃𝛼
𝜎 =2 π | 𝑉̃𝑘𝛼𝑑

𝜎  |2 

 ⍴𝛼 
𝜎 [1] . Where  ⍴𝛼 

𝜎 represents the spin dependent 
density of states of the ferromagnetic leads α. 
Accordingly, the transpose line width function reads  
𝛤̃𝛼

𝜎 = 𝛤𝛼
𝜎 < X >2 and the total line width function 

equals to 𝛤̃𝜎 = 𝛤̃𝐿
𝜎 + 𝛤̃𝑅

𝜎. To calculate the 
hybridization function, we use the band 
approximation. To calculate the spin dependent 
electric current flows through the quantum dot, the 
following relation can be used [18-17] .  

𝐼𝜎= 
   −𝑒

ℎ
 ∫ 𝑑𝐸 [𝑓𝐿

𝜎(𝐸) − 𝑓𝑅
𝜎(𝐸) ]𝒯𝜎(𝐸)  (4) 

In order to calculate 𝒯𝜎(𝐸), one must firstly 
calculation 𝐺̃𝑟𝜎(𝐸). Accordingly, the charge current 
𝐼𝑐ℎ (=∑ 𝐼𝜎

𝜎 ) and the spin current 𝐼𝑠𝑝(=∑ 𝜎𝐼𝜎
𝜎 ) can be 

calculated. The occupation number must be solved 
self consistently by using the following relation: 

𝑛𝑑
𝜎 = − ∫

𝑑𝐸

𝜋
{

𝛤𝐿
𝜎𝑓𝐿

𝜎(𝐸)−𝛤𝑅
𝜎𝑓𝑅

𝜎(𝐸) 

𝛤𝐿
𝜎+𝛤𝑅

𝜎 } 𝐼𝑚𝐺𝑟𝜎(𝐸) (5) 

The retarded Green’s function for spin σ is given by 
[19] : 

𝐺𝑟𝛼(𝐸) = ∑ 𝐿𝑛 {∞
𝑛=−∞ 𝐺̃𝑟𝜎(𝐸 − 𝑛ħ𝜔𝑝ℎ) +

1

2
 [𝐺̃<𝜎(𝐸 − 𝑛ħ𝜔𝑝ℎ) − 𝐺̃<𝜎(𝐸 + 𝑛ħ𝜔𝑝ℎ)]} (6) 

With, 

𝐿𝑛 = 𝑒−𝑔(2𝑁𝑝ℎ+1) exp (𝑛ħ𝜔𝑝ℎ 2𝑘𝐵𝑇𝑝ℎ⁄ )𝐽𝑛[(2𝑔√2𝑁𝑝ℎ(𝑁𝑝ℎ + 1)], 

and 𝐽𝑛(𝑥) represents the modified n-th Bessel 

function; 𝐽𝑛(𝑥) = ∑
(−1)𝑚

𝑚!(𝑛+𝑚)!
 (

𝑥

2
)

𝑛+2𝑚
  ∞

𝑚=0 .  The 

occupation numbers (𝑛𝑑
±𝜎) can be utilized to 

calculate the charge accumulation 𝐴𝑐ℎ(=∑ 𝑛𝑑
𝜎

𝜎 ) and 
the spin accumulation 𝐴𝑠𝑝(=∑ 𝜎𝑛𝑑

𝜎
𝜎 ) on the active 

region. When 𝑇𝛼=𝑇𝑝ℎ then 𝑁𝑝ℎ=𝑁𝛼 , the spin 

polarized heat generation is given by [13] : 

𝑄𝜎 =
ħ𝜔𝑝ℎ 𝜆𝑝ℎ

2

𝛤̃𝐿
𝜎 𝛤̃𝑅

𝜎  ∫
𝑑𝐸

2𝜋
 𝑓𝐿𝑅

𝜎(𝐸)𝑓𝐿𝑅
𝜎(𝐸̃)𝒯𝜎(𝐸)𝒯𝜎(𝐸̃) (7) 

Where, 𝑁𝛼 = ⌈exp (
ħ𝜔𝑝ℎ 

𝑘𝐵𝑇𝛼
) − 1⌉

−1
; 𝑓𝐿𝑅

𝜎(E) =

𝑓𝐿
𝜎(E) − 𝑓𝑅

𝜎(E) and  𝑓𝐿𝑅
𝜎(𝐸̃) = 𝑓𝐿

𝜎(𝐸̃) − 𝑓𝑅
𝜎(𝐸̃). 

Accordingly, the charge heat generation 
𝑄𝑐ℎ(=∑ 𝑄𝜎

𝜎 ) and the spin heat generation 
𝑄𝑠𝑝(=∑ 𝜎𝑄𝜎

𝜎 ) can also be calculated. 

 

The Results 

In the following, our results, related to the case of a 
parallel configuration in the presence of spin 
accumulation in the leads will be presented. 
Accordingly, the spin-dependent chemical 
potentials are assumed to be: 

𝜇𝐿
𝜎 = 0.04+e𝑉𝑏;  𝜇𝐿

−𝜎 = -0.04+e𝑉𝑏;  𝜇𝑅
𝜎 = 0.04-e𝑉𝑏;  

𝜇𝑅
−𝜎 = -0.04-e𝑉𝑏; e𝑉𝑏 represents the bias voltage this 

means that there are two transport windows one for 
a spin up and the other for a spin down. The                 
line-width function reads 𝛤𝛼

𝜎 = 𝛤𝛼ₒ (1+ 𝜎 𝑃𝛼), where 

𝜎 =1(-1) for the spin-up (down) and 𝑃𝐿=𝑃𝑅=𝑃 and 
0 ≤ 𝑃 ≤ 1 . As the regime 𝑉𝑘𝛼

𝜎 < 𝜆𝑝ℎ is considered,  

𝛤𝛼ₒ and 𝜆𝑝ℎ are fixed at 0.003eV and 0.05eV, 

respectively. While the phonon mode energy and the 
quantum dot effective energy level are equal to 
0.12eV and 0.01eV, respectively with correlation 
energy U=0.08 and 0.3eV. Our calculation are 
accomplished for spin polarization value 0. 1 ≤ 𝑃 ≤
0.9 at different values of 𝑇𝛼 =
𝑇𝑝ℎ(=70,140,210,280k). As the temperatures of the 

electrons and the phonons are the same, there will 
be no heat conduction between the electron and the 
phonon subsystems, e.i. the heat generation is due to 
an electric current that flows through the quantum 
dot molecular. To determine the regime concerning 

the correlation, 𝛤𝛼
±𝜎  is calculated and presented in 

Table (1). For U=0.3eV, the spin-up hybridization 
functions is in the weak correlation regime [20] ,  
𝑈

𝛤𝛼
𝜎 < 1, while the spin-down functions are in the 

strong one, 
𝑈

𝛤𝛼
−𝜎 >1. But for U=0.08eV, the regime is 

weak for 𝑃 ≤ 0.7 and strong for P > 0.7 when the 
spin is down. The transpose broadening function, 
which depends on the phonon bath temperature, 
electron-phonon coupling strength and the phonon 
mode energy, is also calculated and presented in 
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table (2). The value of  𝛤̃𝛼
𝜎 (𝛤̃𝛼

−𝜎) increases 
(decreases) with spin polarization increasing. In 
general, we have 𝛤̃𝛼

𝜎 >> 𝛤̃𝛼
−𝜎 with increasing the 

spin polarization. Approximately, the temperature 
has no role in determining the values of  𝛤̃𝛼

−𝜎 and 𝛤̃𝛼
𝜎, 

keeping in mind that 𝐾𝐵𝑇𝑝ℎ > 𝛤̃𝛼
𝜎 > 𝛤̃𝛼

−𝜎 for all 

temperature values used in our calculations. 

 
 
 
 

Table 1. The broadening functions 𝜞𝜶
±𝝈 as function of spin polarization 

p 𝜞𝑳
𝝈=𝜞𝑹

𝝈  (𝟏𝟎−𝟐 eV) 𝜞𝑳
−𝝈=𝜞𝑹

−𝝈 (𝟏𝟎−𝟐 eV) 
0.1 0.33 0.27 
0.2 0.36 0.24 
0.3 0.39 0.21 
0.4 0.42 0.18 
0.5 0.45 0.15 
0.6 0.48 0.12 
0.7 0.51 0.09 
0.8 0.54 0.06 
0.9 0.57 0.03 

 
Table 2. The transposed broadening function  𝜞̃𝜶

±𝝈 as a function of spin polarization and phonon bath temperature 

p 

𝐓𝐩𝐡 = 𝐓𝛂 = 𝟕𝟎𝐊 𝐓𝐩𝐡 = 𝐓𝛂 = 𝟏𝟒𝟎𝐊 𝐓𝐩𝐡 = 𝐓𝛂 = 𝟐𝟏𝟎𝐊 𝐓𝐩𝐡 = 𝐓𝛂 = 𝟐𝟖𝐊 

𝐊𝐁𝐓𝛂=0.603(𝟏𝟎−𝟐eV) 𝐊𝐁𝐓𝛂=1.206(𝟏𝟎−𝟐eV) 𝐊𝐁𝐓𝛂=1.809(𝟏𝟎−𝟐eV) 𝐊𝐁𝐓𝛂=2.412(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
𝝈 = 𝜞̃𝑹

𝝈  
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
−𝝈 = 𝜞̃𝑹

−𝝈   
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
𝝈 = 𝜞̃𝑹

𝝈  
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
−𝝈 = 𝜞̃𝑹

−𝝈   
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
𝝈 = 𝜞̃𝑹

𝝈  
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
−𝝈 = 𝜞̃𝑹

−𝝈   
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
𝝈 = 𝜞̃𝑹

𝝈  
(𝟏𝟎−𝟐eV) 

𝜞̃𝑳
−𝝈 = 𝜞̃𝑹

−𝝈   
(𝟏𝟎−𝟐eV) 

0.1 0.27741 0. 22697 0. 27740 0. 07565 0. 27728 0. 22686 0. 27674 0. 22642 
0.2 0.03262 0. 20175 0.30262 0.20175 0. 30249 0. 20166 0. 30189 0. 20126 
0.3 0.32784 0. 17653 0.32784 0.17653 0. 32769 0. 17645 0. 32705 0. 17610 
0.4 0.35306 0. 15131 0. 35306 0.15131 0. 35290 0. 15124 0. 35221 0. 15095 
0.5 0.37828 0. 12609 0. 37827 0. 12609 0. 37811 0. 12604 0. 37737 0. 12579 
0.6 0.40350 0. 10087 0. 40349 0. 10087 0. 40331 0. 10083 0. 40252 0. 10063 
0.7 0.42872 0. 07565 0. 42871 0. 22696 0. 42852 0.075621 0. 42768 0.07547 
0.8 0.45394 0. 05043 0. 45393 0.050437 0. 45373 0.05041 0. 45284 0.05031 
0.9 0. 47916 0.02521 0. 47915 0.025218 0. 47894 0.02520 0. 47800 0.02515 

 
For the importance of spin accumulation and charge 
accumulation in the quantum dot, especially for the 
role of electron-phonon coupling in quantum 
computing, both are presented in figures (1) and (2) 
a function of bias voltage for different values of U 
and P with 𝑇𝛼 = 𝑇𝑝ℎ=70K. It is noticed that the 

values of 𝐴𝑐ℎ and 𝐴𝑠𝑝 are equal for −𝜆𝑝ℎ < 𝑒𝑉𝑏 < 

𝜆𝑝ℎ, this means 𝑛𝑑
−𝜎 ≅ 0. In figures (1a) and (2a), 

two peaks appear at 𝑒𝑉𝑏 = ±ħ𝜔𝑝ℎ when U equals to 

0.3eV for all values of spin polarization. By reducing 
the charging energy to 0.08eV, the physical features 
will be varied but the spin accumulation values will 
be negative (i.e. 𝑛𝑑

−𝜎 > 𝑛𝑑
𝜎), when P=0.1 for 𝑒𝑉𝑏 > 

|2ħ𝜔𝑝ℎ|. Fig.(3) represents the spin-polarized 

currents 𝐼𝜎 and  𝐼−𝜎 as a function of bias voltage 
when U=0.3eV.  𝐼𝜎 and 𝐼−𝜎 show step-like behavior, 
but there is a reduction in the values of 𝐼𝜎 at ħ𝜔𝑝ℎ <

𝑒𝑉𝑏 < 2ħ𝜔𝑝ℎ. The physical features (for 𝐼𝜎 and 𝐼−𝜎) 

are counteractive when the polarity of the bias 
voltage be negative. When U=0.08eV, one can notice 
different behavior. 𝐼𝜎 and 𝐼−𝜎 show linear relation 

for positive value of 
1

2
𝜆𝑝ℎ < 𝑒𝑉𝑏 < 𝜆𝑝ℎ as well as 

𝑒𝑉𝑏 < 𝜆𝑝ℎ. Also, one can see 𝐼𝜎 ≫ 𝐼−𝜎 with 

increasing the spin polarization to 0.9, since the 
correlation energy has no role in determining the 
values of  𝐼−𝜎 (see fig.(4)). Figures (5-6) determine 
the behavior of spin and charge current with bias 
voltage. For both values of U, 𝐼𝑐ℎ > 𝐼𝑠𝑝 when P=0.1. 

Since, the spin current (charge current) does (not) 
show a negative differential. With increasing the 
spin polarization, where as 𝛤̃𝛼

𝜎 >> 𝛤̃𝛼
−𝜎, the spin 

current equals the charge current, this referes to 
𝐼−𝜎 ≅ 0. Fig. (5a) shows a negative differential in the 
spin current curve at 𝑒𝑉𝑏 = ħ𝜔𝑝ℎ and 𝑒𝑉𝑏 = 2ħ𝜔𝑝ℎ 

at relatively high correlation energy. Since the width 
of the negative differential increases with bias 
voltage. At U=0.08eV, the negative differential is at 
𝑒𝑉𝑏 = λ𝑝ℎ only, with increasing the spin 

polarization, no negative differential can be noticed. 
Figures (7-8) represent the spin-polarized heat 
generation Q𝜎 and Q−𝜎 as a function of bias voltage. 
It is found that Q𝜎 is nearly equal to Q−𝜎 when P=0.1, 
but with increasing the spin polarization in the 
leads, we have Q𝜎 ≫ Q−𝜎. This can be attributed to 
the inequality in the tunnel coupling with the leads. 
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The spin up polarized heat generation also shows 
negative differential when U=0.3eV. One of the most 
important phenomena is the spin blockade in Q𝜎 and 
Q−𝜎 curves at the values of the bias voltage that are 

lying about 𝑒𝑉𝑏 = 0. The over mentioned physical 
notes can be found also in figs. (9) and (10) 
concerning the spin heat generation and charge heat 
generation. 
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Figure 1. 𝑨𝒔𝒑 and 𝑨𝒄𝒉 as a function of  𝒆𝑽𝒃 when P=0.1 and U=0.3,0.08eV 
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Figure 2. 𝑨𝒔𝒑 and 𝑨𝒄𝒉 as a function of  𝒆𝑽𝒃 when P=0.9 and U=0.3, 0.08eV 
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Figure 3. 𝑰𝝈 and 𝑰−𝝈 as a function of 𝒆𝑽𝒃 when P=0.1 and U=0.3,0,08eV 
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Figure 4. 𝑰𝝈 and 𝑰−𝝈 as a function of 𝒆𝑽𝒃when P=0.9 and U=0.3,0.08eV 
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Figure 5. 𝑰𝒔𝒑and 𝑰𝒄𝒉 as a function of 𝒆𝑽𝒃 when P=0.1 and U=0.3,0.08eV 
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Figure 6. 𝑰𝒔𝒑and 𝑰𝒄𝒉 as a function of 𝒆𝑽𝒃 when P=0.9 and U=0.3,0.08eV 
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Figure 7. 𝐐𝝈 and 𝐐−𝝈 as a function of 𝒆𝑽𝒃 when P=0.1 and U=0.3,0.08eV 
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Figure 8. 𝐐𝝈 and 𝐐−𝝈 as a function of 𝒆𝑽𝒃 when P=0.9 and U=0.3,0.08eV 
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Figure 9. 𝑸𝒔𝒑 and 𝑸𝒄𝒉 as a function of 𝒆𝑽𝒃 when P=0.1 and U=0.3,0.08eV 
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Figure 10. 𝑸𝒔𝒑and 𝑸𝒄𝒉 as a function of 𝒆𝑽𝒃when P=0.9 and U=0.3,0.08eV 

 
There figures show a negative differential when 
U=0.3eV for spin and charge heat generation for 
both values of spin polarization. With reducing the 
correlation energy to 0.08eV, a negative differential 
emerges in spin  heat generation when P=0.1. 
To investigate the role of temperature (𝑇𝑝ℎ = 𝑇𝛼) in 

determining the spin and charge transport 
properties, our calculations are accomplished for 
140,210,280K and 0.1≤ P ≤0.9. The physical 
features of our results are summarized in tables               

(3-6). Table (3), presents the width (i.e the values 
of 𝑒𝑉𝑏) of spin-down blockade region for 𝐼−𝜎 that 
emerges only for P=0.8 and 0.9 when U=0.3eV. Table 
(4) represents our results for Q𝜎. For certain value 
of 𝑇𝛼=𝑇𝑝ℎ, the spin blockade width is constant for 

different value of spin polarization. While, for 
certain value of P, the width decreases with rising 
temperature. No role for the correlation energy is 
show in Table (4). 

 
Table 3. The width of the spin blockade region in the spin-down polarized current as a function of spin polarization, electrodes temperature and 
correlation energy 

P 
𝐔=0.3 eV 𝐔=0.08 eV 
The width of the spin blockade region(eV) The width of the spin blockade region(eV) 
70K 140K 210K 280K 70K 140K 210K 280K 

0.1 --- --- --- --- --- --- --- --- 
0.2 --- --- --- --- --- --- --- --- 
0.3 --- --- --- --- --- --- --- --- 
0.4 --- --- --- --- --- --- --- --- 
0.5 --- --- --- --- --- --- --- --- 
0.6 --- --- --- --- --- --- --- --- 
0.7 --- --- --- --- --- --- --- --- 
0.8 0.02 0.04 0.02 --- --- --- --- --- 
0.9 0.06 0.04 0.02 --- --- --- --- --- 
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Table 4. The width of the spin blockade region in the spin-up heat generation as a function of spin polarization, electrodes temperature and 
correlation energy 

P 
𝐔=0.3 eV 𝐔=0.08 eV 
The width of the spin blockade region (eV) The width of the spin blockade region(eV)  
70K 140K 210K 280K 70K 140K 210K 280K 

0.1 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.2 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.3 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.4 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.5 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.6 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.7 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.8 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 
0.9 0.08 0.06 0.04 0.02 0.08 0.06 0.04 0.02 

 
Table 5. The width of the spin blockade region in the spin down polarized heat generation as a function of spin polarization, electrodes temperature 
and correlation energy 

P 
𝐔=0.3 eV 𝐔=0.08 eV 
The width of the spin blockade region(eV) The width of the spin blockade region(eV) 
70K 140K 210K 280K 70K 140K 210K 280K 

0.1 0.14 0.12 0.12 0.12 0.08 0.06 0.04 0.02 
0.2 0.14 0.12 0.12 0.12 0.08 0.06 0.04 0.04 
0.3 0.14 0.14 0.14 0.14 0.08 0.06 0.04 0.04 
0.4 0.14 0.14 0.14 0.14 0.08 0.06 0.04 0.04 
0.5 0.16 0.14 0.14 0.16 0.10 0.06 0.04 0.04 
0.6 0.16 0.16 0.16 0.18 0.10 0.06 0.06 0.04 
0.7 0.18 0.18 0. 2 0.22 0.10 0.08 0.06 0.04 
0.8 0.76 0.72 0.86 0.64 0.10 0.08 0.06 0.06 
0.9 0.84 0.88 0.92 0.96 0.10 0.10 0.08 0.08 

 
Table 6. The width of the negative differential region in the spin current 𝑰𝒔𝒑 as a function of spin polarization and temperature leads and correlation 

energy 

P 

𝐔=0.3 eV 𝐔=0.08 eV 
The width of the negative differential 
region(eV) 

The width of the negative differential 
region(eV) 

70K 140K 210K 280K 70K 140K 210K 280K 
0.1 0.25-0.31 0.25-0.33 0.25-0.41 0.25-0.42 0.06-0.09 0.06-0.25 0.06-0.24 0.07-0.26 
0.2 0.26-0.31 0.25-0.33 0.25-0.41 0.25-0.41 0.06-0.09 0.06-0.28 0.07-0.29 0.07-0.28 
0.3 0.26-0.31 0.25-0.33 0.25-0.39 0.25-0.41 0.06-0.09 0.07-0.28 0.07-0.28 0.07-0.26 
0.4 0.26-0.31 0.25-0.32 0.25-0.39 0.25-0.41 0.06-0.09 0.07-0.21 0.07-0.22 0.08-0.23 
0.5 0.26-0.31 0.25-0.32 0.25-0.41 0.25-0.41 0.06-0.09 0.07-0.2 0.08-0.21 --- 
0.6 0.26-0.31 0.25-0.32 0.25-0.36 0.25-0.37 0.07-0.09 0.07-0.27 --- --- 
0.7 0.27-0.31 0.26-0.32 0.25-0.39 0.25-0.38 0.07-0.09 --- --- --- 
0.8 0.27-0.31 --- 0.26-0.35 --- --- --- --- --- 
0.9 --- --- --- --- --- --- --- --- 

 
Conclusions 

Our results confirm that it is conceivable to 
functionalize the spin polarization and spin 
accumulation in the leads in the case of parallel 
configuration, the electron-phonon coupling, the 

phonon mode energy and the leads temperature as 
well as the intradot correlation function on the 
quantum dot molecular site to develop the spin 
engineering for the nanostructures coupled to 
environment. Even coherences between many levels 
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are realized in molecule or quantum dot molecular. 
Common among these systems are coherences- 
induced transport signatures such as negative 
differential and Coulomb blockade, making these 
systems operative for technological application in 
spin electronic. These results can be interpreted to 
determine the parameters that can be adjusted and 
utilized to use the device as refrigerator. 
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