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Abstract 

In this paper, we numerically investigate the thermoelectric properties of a triangle quantum dot connected 

to metallic electrodes using Green's function method in the Anderson model. Using the equation of motion 

method in the presence of Coulomb interaction in the Coulomb-blockade regime, the thermovoltage, 

thermocurrent and heat dissipation are calculated. Results show that the thermovoltage and thermocurrent 

have nonlinear behavior and their magnitude and sign of them can be controlled with the site energy and 

coupling strength of quantum dots. Also, the heat current is nonlinear and has an asymmetrical function 

with respect to the sign of bias voltage for all of the site energies of quantum dots. Results show that the 

heat current can be positive or negative for all of the site energies and it shows that heat current has a 

nontrivial zero for the nonzero voltages. These results can be useful to determine the performance of the 

nanoscale electronic devices to control heat dissipations. 

Keywords: Triangle Quantum dot, Green's function method, Equation of motion method, 

Thermovoltage. 
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2 Seebeck effect 
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1 Coulomb blockade 
2 Green's function 
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1 Co-tunneling effect 
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3 Equation of motion 
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b�)�� V � ��% O��S� ���	#�D&� %�  ��'�� T�8U)
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)b(-2 �-�� 46*�  X��&	 ��#�V 0= �:��>1� %$

 �� ;);*3 �� %+���� �X#+� ���!�#3 �;1��� :�#A �X#+�

 @) ;1+��� %+������B;+8�� :� ���A� :��� .;1$ ��
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4-52. )a �� O�c�� �;S (�>+��� ���8�+ (QD0 ) 	b :D)#�D&�  �)#Z (

#� ^�'+ :��>)�Z �X#+� �
�6� #)��'� ��#� X��&	 w�?:�8�+.8$ %� ��!�

0θ =.  

<D� (�1a��a2 :�  �*+ %� ��!�#3 O�c�� %$ ;��

 :��>)�Z �X#+� #)��'�QDs  #��c3 �� 	 ���� :>���

%+���� �� .���� ���)! T�#��c3 X��&	 @) !� <D*�� ��

QD  �� �-�� <5�� �7
A ����	#�D&� %� %$ �K13
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L Rθ θ θ= − �	#�D&� �	� #� }~ -��  O��S�

:��8� :�)��� T�8U ()� �� v0Rθ =  	Lθ θ=

 . ��<D�a3  	 ��θ�X#+� ��#� 	 (�)�� ��� ���
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 �)�7A� �� .;���θ � ����A� :Q\#�]   �*+ ��

:� .;�� �)�7A� ��θ �!�;+� � :� �)�7A� 	 ;��)

 %�:� %1��$ �) %1�*�� ��;'� @)#�*�� �)�7A� .;�� θ

 �!�;+� � :� ���$ ��6� #)��'� ��#� .;��� �


�X#+�:��>)�Z ���  !� #�])0 / 2Uε ≠ −( �) :)���

0θ θ=( ��� �8Z	� %$  . ��  :� #PU 	 �8�

��#�0θ θ>  .�)��� �� �&�6� -�=S �� :)��� X��&	

�)��!. �� nA�83 �� %���+ ()� ^�'+ �	� #� #�\� ���

:�8�+.8$ ��+:� �+���] ;���14 .[-�=S #��c3 thV  ��

:� :)����� <��+��� .�8�+ %�Z83 %+8>1)�  �83

b�)�� X��&	 �� ���	#�D&� :� #PU �� #��#� #PU .;���

<��? #B� �� ��� Y=�\� �;1���  	#�D&� ��� ���

 -�� �	#�D&� !�  	#�D&� L��� %� #�1� ���	#�D&�

:� (�#�) -��� -�� �	#�D&� %� (���) }~ .�8�

 X��&	 @) ��;� ���)� :)���  �)#Z ()� ���$ ��#�
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 �)�7A� ��θ -�� �	#�D&� ��#� �:�#A /)!83 /��3 %
� �

Y�U }~:� #3 .�8��#P? ��#� :��� ()�#��1� ���)� ��

:� .;1��) L��� -��� -�� �	#�D&� -�� %� �3 �8�

 (�V� ���� @) ��)0θ θ=( L���  �7�� ��#P? ��

 	#�D&� 	:� #��#� ���8� .�� %���+ ���� ()� ��0θ �

:D)#�D&�  �)#Z � %$%Q��	� � :)��� ��o.% �;�. �8Z	

 �� -��0thV =:� #PU �� #��#� �.�8�  w&�Z %�D+

 �� %$ -�� ()� %Z830 / 2Uε = −  Y=\ #�QD 

 %$ �K13thV %� ��#� �-�� #PU ����� %�� ��!�QD 

 :R
R�%� ��!�0 0/ 2 5Uε = − = − Γ  -0R� ���8��

<��? :1V) v-�� 	#�D&� ���� ��� .;1��� ��<D�6 
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}~ 	 -��� �	#�D&� �
�6� #)��'� ��#�  O�#>�+�

 ^�'+ (�� L#�:�8�+.8$ )0t��#� ( :��>)�Z �X#+� 

0 0ε = :�  �*+.;��  ��� !� %$ �8l<D�a6 

:� %j?=� ���$ �� ���#B0t  ���$ O�c�� �;S

:� ���$ �� /_�	 �� .;��)0t  ̂ �'+ (�� O�53�:�8�+.8$ 
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4-56. )a �� O�c�� �;S (�>+��� ���8�+ (QD0 ) 	b :)���  �)#Z (

#� �
�6� #)��'� ��#� }~ 	 -��� �	#�D&� 	� ���� Y=�\� w�?

 ^�'+ (�� L#� O�#>�+�:�8�+.8$ )0t :��>)�Z �X#+� ��#� (0 0ε = .  

 ��0 0t = Γ  -�� :P1� (�)�� ������ �� :)���  �)#Z

 ���� �� 	0θ :� #PU %� !� #3k�� ������ �� 	 ;��

0θ ���$ �� .-�� -0R� �0t  ��;'�0θ :� ���$ ;��)

 �� 	0 00.05t = Γ
 

 .-�� -0R� ���8�� :)���  �)#Z

���$ ��0t + %+���� ���A�' ^�:�8�+.8$ %� :R
R� -��

Q'+� :�8�+.8$ :� <�� �K13 [)��+ �� nA�83 �� %$ ;1$

] -�� #>)� T�V&�Q�9 .[:B
)	 ����� %$ ���8� ���

:� ;1��� :�8\ @)#�D&�8�#3 %� �� ��#B ;1+�83

:� �;���+ @0�� #o� %$ ;11$ <);03 %���)#�D&�.�8� #o� 

#��
� �;);� b8DV� #o� @0�� -�� . �)#Z :D)#�D&� 

%$ !� <2� O�53� 	� ���� �80S :��;1$ ��#B �� �� 

;?�	  ��! �� <2� O�53� <��B �) qMZ :�;1$ �3 

Y=�\� <��+��� :)����� 	� ���� �� O��V�� ;1$.  #o�

%��
� %$ -*B#� ���#B:� ��U83 �� #)M�;1$ �

%����� :>���  �)#Z -KZ O	X �)��#B Y=\#� 	 
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-*B#� %$-�� #)M��+:� �  �#$ @1\ ��#� ;+�83

 :$�? #�\� :�#�3 [)��+ .�8� ���P��� :D)#�D&� T�	��

��B;+8�� �� �;� ;�&83 ���#B %$ -��  . !� �� ���

�V��#� �� :+��'���+ �!��8�D) :�3� �  �*+ X��&	 w�?

:�] ;��21�22)! -�� w&�Z ����� [)��+ ()� .[ �� �#

:&�?D) ��o. %$ :D)#�D&� �20� ��8� �� �!��8�
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� w)#C :Q\ t��� n)#l%:� -�� ()�#��1� .;).

 X��&	 ��#� :A=3�  �83:� -0R� b�)�� �) #�B�7� ;+�83
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�:��>)�Z �X#+� #)��'�   ��'���+ :V��3 :)��#B  �)#Z
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4-57. )a( :)��#B  �)#Z 	 )b �!��8�D) w)#C (#� X��&	 w�?

 b�)��:��>)�Z �X#+� �
�6� #)��'� ��#�.  

  

 #)��'� :���3 ��#� %$ -��  . %Z83 <��_ 	 w&�Z %�D+

:� :)��#B  �)#Z �:��>)�Z �X#+� :P1� �) -0R� ;+�83

-*B#� ���#B) ;���:�  �*+ %$ (#)M�  �)#Z ;��

� :)��#B%%� O8�V�#�] T�8U %$) #PU#�] X��&	 ��!�

 :��>)�Z �X#+� %�  . ��;'� #PU �� #��#� (���� :>���

:�<D�) �8� <\��a7<D� �� .(b7 w)#C (

 �!��8�D))R = J(V J( V)− − #� X��&	 w�?

 �;� ��� :��>)�Z �X#+� �
�6� #)��'� ��#� b�)��
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4-58. #� :)��#B  �)#Z ��� w�?%���!� �X#+� �
�6� #)��'� ���

:��>)�Z .  

 -0R� #)��'� ��#�R%� ��#B Y=3� � ��!�V >� 

 -&�? �� ��#B Y=3� !� #�*��V <�  �� .-��

 k�� ���X��&	R :� <�� :���o ��;'� %� �� �#)! �;1$

%� }~ -�� �	#�D&� :�#A /��3 ���	;2� ()� -��

%� -��� -�� �	#�D&� :�#A /��3 	 @) �;S -��

:� <�� #PU �;S X��&	 !� <'��� �X#+� L��� 	 ;1$

:�.��#B <D� ��8 #� :)��#B  �)#Z w�? ��#� ���

�X#+� �
�6� #)��'� ��  ��D) ����A� �:��>)�Z ���

:�  �*+;�� .� :)��#B  �)#Z ���� �)�7A� ��% T�8U

:� �)�7A� :Q\#�] :���o ��;'� %� k�� ������ �� 	 ;��)

:� <�� 	#�D&� ��#� O�c�� �;S �#)! v;1$ %$ :)��
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*3:� -��o x�0)#'3 �%+���� �;);�8� )%�<D�a3  %Z83

�8� .(  

3B/��%�/	  

   � :*�	
� %&�'� ()� ��%%� �#j+ T�8U X��&	 :��#�

Q'+ �� ��#B Y=3� 	 :)���  �)#Z 	� :�8�+.8$  :R
R�

%� %$%�\��#� -�� <5�� �7
A ����	#�D&� .�)�
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R�

Q'+ ;1+���� :�8�+.8$  :)���  �)#Z 	 X��&	 ��K13

%� �K+. -�=S 	 �!�;+� 	 ;+��� :Q\#�] ����A� :
��8S

 ^�'+ :��>)�Z �X#+� #�j+:�8�+.8$  T�;_ 	
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 w�?#� 7�+ :)��#B  �)#Z %$ �)���  �*+ ��B!���8\

 (�1a�� .-�� :Q\#�] :V��3 �b�)�� X��&	 �)�7A�

 -0�+ :)��#B  �)#Z 	 b�)�� X��&	 -�=S #��c3 %�

%�#+� #)��'� :���3 ��!��X ^�'+ :��>)�Z ���

:�8�+.8$) -��  ��'��#�] :V��3 �Q'+ Y=\ #�� 

:�8�+.8$ %� %$ �K13 :��>)�Z �X#+� ��!�

0 / 2Uε = − (-��  ��'��:� [)��+ ()� . ��#� ;1+�83
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