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Abstract: In this paper, in order to evaluate new materials for design and simulation of the field effect transistors in nano dimensions, 

we simulate and investigate the electronic properties of a field effect transistor based of topological insulator. Since the energy gap in 

the channel region of this transistor is adjustable by a perpendicular magnetic field, first by obtaining the transfer characteristics, we 

analyze the DC characteristics such as Ion/Ioff ratio and the threshold voltage. Moreover, we evaluate the short channel effects (SCEs) 

including subthreshold slope (SS) and drain induced barrier lowering (DIBL).The obtained results for (SS) and (DIBL) for m=1 show 

the values of 8.24mV/dec and 0.064, respectively, which are very suitable for transistor applications. Finally we achieve the analog 

characteristics of the simulated field effect transistor such as transconductance, output conductance, output resistance and voltage gain 

and study the parameters affecting these figures of merits. 

Keywords: Field effect transistor, topological insulator, Ion/Ioff ratio, threshold voltage, short channel effects, subthreshold slope, 
analog characteristics, transconductance, output conductance, output resistance, voltage gain. 

 

  ۸/۶/۱۳۹۶:مقاله ارسالخ يارت

  ۱۱/۱۲/۱۳۹۶و  ۲۲/۸/۱۳۹۶ :اصلاح مقالهخ يتار

 ۲۱/۶/۱۳۹۷ :رش مقالهيخ پذيتار

  داريوش ديدبان مسئول: سندهينام نو

.وتريامپکدانشکده مهندسي برق و  - کاشاندانشگاه  -قطب راوندي  بلوار - اشانک - رانيسنده مسئول: اينشاني نو



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۲۶

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

1- $�&*�  

 ����/	 ��?W �	��� ��	 
��
������	�� 
���:����
 )MOSFET �(

!� N��/ ����	 �/ !���������6X ����	 
� � 2�  4���/ J	��	 �������

) 2���/Short channel effects ����$   (!�B� )leakage current (

 N�	�W	�!���� ]4-1[�	 . ��	  
F]���  ��W�� 
	��F 
��
 

  ���$ ����   !"	�# 
	�� ���^��$ �	��
��� 
������	�� 
��

���� �6X ����	 
� �	��� ��	 <W�� N�	�W	 
���]5[ �	�� �	 !'� .

 �/ 
���$G	�`	�  <�	 2�� !����6��,�+��
  (�)���*��

�!�6��� .�,�+��
  (�)���*��<��"��
  !5��	�/ 2��� �	 
���$

� �/ �6���� 8��� �%&!��
 � �AI6�� 
���	��   !'�� ��'�	 ��W

 ��B� ��G �	 �	�� ��	 ab� �/�!�6��  ��G �� 	
 

���� �$��

 =?$2��/��	  !'�� ��'�	 J��b9 ����� 
	�� 2����� �	�� �	 !'�  

 �	��� ��	 
��
������	�� �?5$ �	 
��������!�6��� ]6� 7[ 
� .

�,�+��
 � ��W	�% �6��5� (�)���*���!bG 8��� 
	��5� ����

 ab� 
 
 �� 
�� ��?��" �d	��� �b�� e	�#	 
� 
)��	 !%�6��*

�,�+��
 �����W (�)���*�� d	��� f�$ � �� 
���!�6���   

 ab� 
 
 
�� ��?��" 
���	�� g	�G ��	���6��,�+��
 

 
��
��G�� 
� 
�� ��?��" 
���	�� g	�G �	 J �3�� (�)���*��

:��   ���?W ���* �� 
� .<�	 !��5�� 
������
�,�+��
  �(�)���*��

 <,�� 4����) !��W <,�� 
	
	� �/ ����* 
)��	 �� 
�� ��?��"

 (<�	 
���!�6��� ���� �� >�h�� f�$ � �� d	��� ���!���� 

]8� 9[.  

 !%�6��* 
	��5� 
� �3h 
)��	 .%�,�+��
  j,�� (�)���*��

 �� �� 
 ����$ <��� <W	 �0��� 
�   F���G ����$ N��/

 F���G�!���!%&�  �	 !'� . 
�����AI6� ��W�,�+��
 

 K�#�67� �W +��, ��k (� ��	�
	�9 �� �/ <�	 ��	 (�)���*��

 (�)���*�� +��, ab� 
 
�!�	��  
 
 	
 !��#�67� �W <�h�G

 �/ <�	 2�� 2���B� !W�# �	 .��/ ���	 (�)���*�� +��, ab�

 4����	 ��W	�% e]G����W�����
  ab� 
 
 d	����,�+��
 

�� (�)���*��  .<�	 ����	  N#�67� <U$�3�����
  N#�67�

 !��W ab� <��9�� �(�)���*�� +��, ab� �� l�5�� ��'�	�� 

��$ 	
� �$�!�6/!��"
� . �/�3�H�  +��, ab� �� ��5, N#�67�

 !bG 
)��	 >�# 
� 
)��	 .% (� ���	 =$�� (�)���*��

<��"��
  (�)���*�� +��, !Ib��!��� ]10[.  

 2�U� �� ������ ��	 
� !'�� ��'�	 g	�G �	 
��%�,�+��
 

 K����� F 
 ��   d	��� ������ 8" �	 2��3��	 �� �(�)���*��

 4����	]11 �12[ ��� ���* �� �	��� ��	 
������	�� (� 
��� �

(�)���*�� +��, !� !�
�����%  . !"	�� 
� �;� �
�� ����

���� 
������	�� >?�@�
��� (�)���*�� +��, 2���!����  �/

 �b�	  �� 4���/ ��"�� 
� .<�	 
)��	 .% � �� �1 

	�� 
��G��

��k K�#�67� �W 2���!��B�� J
 �0� ��	 
� �2�� �	��

 
��G�� 
� 
)��	 .% ������ j,�� ��5, N#�67� �� !��#�67�

!� (�)���*�� +��, 

	�� ��	 
 
 �� <�% )���  4�5,	 
	�� .���

 4���/ ��	���6� .<�	 2�� ��W�% �;� 
� 
�?W <�% ��k (� ��"��

 ��W�% �;� 
� �?W K6$ �	 <�% !�  (�)���*�� +��, K6$ �	

 .<�	 2��� �/ �0�1 �	 :����� ����$ 
�����	
�* !�
�� �� e�

!� 
������� �6X ����	 
� 
������	�� V����1 ��'?5,   	���	 �����

 !6I6��A@B�  :�
 <�% )���  =�"�� ����$2����%   

����� 
�����	
�* <��� ��D5� 

������	�� g	�G 2�66/

� ��6D5�   �����1 )���  �F���G �� �� 
 ����$� <�5�	 8���

) �����1��� ����� 
�����	
�* 2���/ 4���/ J	��	Subthreshold 

slope)   (DIBL (�
��  !�
��!� 
	�9���% 2�%��� �	 KL� .

V����1 
�����
�/� ���� 
������	��
���!� !�
�� 2�����% �	 .

��	 K��/�W 
�����
�/ 
� :U� ���	
�* (� �/ )���  2�U�  


 !����	
�!����  ���8�?I� �!���% 	���	 <�	 f�k 
�/ ��	 
	�� .

) !�����
	��Transconductance) !$ �G <�	��   (Output 

conductance�� (   4���/ 4�# �?5$ �	 >?�@� 
�����	
�* 
	�	

 !�
�� ��5, N#�67� 2�	��	��� !$ �G <� ��� ��6D5� .

)Output resistance ���	
�* (� �/ (1 V�����!����  !����
	

!����%. 

2- ���,-�.� /
� 
 �
0� �&�  

 �� ��	�G 2�	� a�m�� ��	�	 
� �/ 	
 

��G��*�N��  n$�� 
�

]13[ �� (�)���*�� +��, ���* �� �	��� ��	 
������	�� (� �	�6,

���� 
���2����%  !6I6�  �A@B���
  )���  =�"�� ����$

 8�	�,   ��
� )���  =�"�� ����$   <�%��H�  M���� ��	 ��

 !�
��2����%��	.  8'�1  �	��� ��	 
������	�� 
��G��

����� 	
 (�)���*�� +��, ���* �� 2�� 
����p�# J
�h
	 2  ��B�

�!��� 2��� 8'� 
� �/ 
�b��5� .�!���  (� �	 (�
�� 
	�� (�

 8q� K�#�67� �W +��,EuO  
�6U* ��d  +��, ab� 
 
 ��

) �I3h 
� (�)���*��x-y <�h�G �� <�	 2�� 2���B� (

 2��� 
� J
 �0� ��	 �	 2��3��	 �� 	
 !��#�67�0<x<d .�6/ ���	  ��

 ab� 
� !%�6���
 
�U���" 
	
	� (�)���*�� +��, �'6�	 �� �$��

 
� (�)���*�� +��, <��@m ���
	� !���, g	�G :0" 
�   2���

�
	  J����I� !5� .���`�65m  ��� K�#�67� �W +��, <��@m

 ��'�?�� ���/	 
� <��@m   <�%)2SiO ��	��   <��� (10  �������

2�� ��W�% �;� 
�.��	  
� !��#�67� ��r (�)���*�� +��, 
�����

 �� K�#�67� �W ��"�� <�	
   .X4�A�	��
  �/ ]# K6$ �	

 ��
�   l
���!�6���  
�?W <�% .<�	 8A�� ��"�� 
 
 �� �/



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۲۷

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

8'� ���06� �
	� 
	�9 K�#�67� �W +��, 8�����* �� (� 
��%

 (�)���*�� +��, ab� 
 
 K�#�67� �W 4���/ ��"�� 
��!��� 

F
�� ����$   4��6/ 	
 ��
� �� l
�� �	 ��b9 8G	� 
� ��W��

�!�6/ . ��"�� �� �� �� !�B* <�% �	 !��� <�% )��� ��
�# 

!� 4�5,	 ���'�:� j,��   ��� 
� !��W 
)��	 p�b� ����	��

!� ��"�� �� �	�� 
� ���7� j,�� !�k�� <�% )���  4�5,	 ��	 .���

!� ��"�� ��	 
� 8�����* �� 8�'B�   4���/ ��"�� !��W �/ ���

!� 4��6/ 
������	�� 
� ����$ ��1 
	��� :�;6� �� �0�1 �	 .���

 �/�n$�� 
] 13[ �����* J
�h
	  +��, 
������	�� (�

���� (�)���*�� 
���2����%  
�����	
�* !G�� �m�" 
�/ 
�  

 
	�9 !�
��   s	�@��	 �
�� �1 2���/ 4���/ J	��	   !'�� ��'�	

<�	 ��W�% <�% ��� 2��� 8�9 �6��� ��� �m�" 4�" J����I� 
� �

 K6$ �	 �/EuO �!���� �� 
� <��� (���'�	9/23  ��W�% �;�
�

2�� <�	.  �^�� J
��, �� ��   !��W 
)��	 ���b9 ��� 
�?W <�%

!� 4��6/ 	
 
������	�� >?�@� !"	�� 
� 
�� ��?��" !��^X .�6/

 ��� !���?���� �	 2��3��	 �� 
��G�� ��	 
� � ��'�	 (� </�"

 >�h���!��� ]14� 15[:  

)1         (                                 )(.. xVmpvH
F

++= σσ
����

 

 

 �b�	
 ��	 
�p
� ) �I3h 8G	� 
� </�" 2�	��	 �^?5,y-x( �σ

� 

�!��u�* K����� 
	���
Fv   !��W <,��zmm ˆ=

�  N#�67�

4�5,	 J
 �0� ��	 �	 2��3��	 �� 2���!����.  

  

  

  

  

  

  

  

 

 

 

 

 8�����*��H�  >���� ��� �b�	
 �	 2��3��	 �� 
��G�� ��	�� 
�

�!���:  

)2      (                                









>−

<<−

<

=

dxforV

dxfordxVV

xfor

xV

ds

dsg 0/

00

)(

  

 �b�	
 ��	 
� �/
dsV ��
� )��� - ��
� ��"�� �� 2�� 4�5,	 l
��

  
gV 4�5,	 <�% )���  .<�	 2������ 
������	�� 
� 2�� 
���

 ��W�% �;�
� ��
�   4���/   l
�� ��"�� ��2�� <�	 ��"�� .

 
	�	 �� �/ l
��x<0 !� ����� �� 8A�� ����  2��  8�����*

��/ ��"�� �� .<�	 �3h ��"�� ��	� <�% �	 !��� )���  (� 4


	�9��W�% !� 4�5,	 ��"�� ��	 
 
 ��� !W�# �	 .���� 8���

��
� )���  �	 !��� 8�����*�  ��"�� �	 <�% )���  �	 !��� ��

!� l
��	 �	 .�6'��� �	 !��� �/ 4���/ ��"�� 8�����* ��  


� <�	 ��
� )���    <�% )��� � �� d��� ��k 
���� �	��� J
�h

�;�
� <��� 8�����*!� ��W�%��� <�	
 <5� ��"�� �� !W�# �	 .

.<�	 2�� 4�5,	 ��
� )���  4���/ ��"��  

 �I3h �� ��5, N#�67� �� K�#�67� �W 2��� (� ����B� ��

)x-y ( 
)��	 .% (� J
 �0� ��	 
� �(�)���*�� +��, ab� 
 


!� ��� (�)���*�� +��, 

	�� 
��G�� 
� �� 
)��	 .% ��	 �/ ���

8��9 ��5, !��#�67� �	��� 2�	��	 ���7� �/ �0�1 �	 .<�	 4��6/

 ����$ ��B�� <W	 �� �06� 4���/ ��"�� 
� 
)��	 .% N�	�W	

!� F���G�� �m�" +��I� 
� ����  
� 2���* ��	 ��W�% �;� 
�

���� 
������	�� 4���/ ��"�� �� K�#�67� �W ��k (� 2�� 
���

�W�%�;�
� (�)���*�� +��, ab� 
 
<�	 2�� �  
� �	��� ��

8��9 
)��	 .% �4���/ ��"����	 �	 .<�	� 4��6/ !�
�� 
	��  


!�����
	�� J	���7� 
	��5� �M���� 
 
 4���/ 4�# ���7� ��	 

�� <�% )���  =�"�� �
�� 4���/ ��"�� 4�# >?�@� ������ 
	�	


	�9 !�
��<�	 ��W�%.  

!�����I� F 
 ��	 
��  �	��� �� K�#�67� �W �� ��"��

 :���� ���'� 
�6U* �� (�
�� 
	�� 
�����!��� .�����%	
  �/

�'�
�� �� 
� j J�A�@� �� jx  8�����*��H� �� ��	�� !����� J
�h

 <��� 
	��� ��dxVV jdsg /− �!������ .X ��"�� 
� . 
	�	0<x 

�� <�	
 ��"�� 
�   
	�	dx > ) �b�	
 !���?���� 8" ��1 n�	�� (

 s����J
�h � ���� <���!1��:  

)3     (                        

xik

i

xik

ix e
e

re
e

1

1

1

1

11
0

−

−< 








−
+








=

θθ
ψ

  

)4   (                                                 xik

idx
e

e
t 2

2

1









=> θ

ψ  

 v�	 
 ��	 
�
11 cosθEk =   

22 cos)( θdsVEk += �3�����
 x 

 
)��	 �� � ��'�	 s�� 
	���E �� ��
�   l
�� !"	�� 
� =����

 .�6���  

 n���
� s�� j   �b�	
 +��b� K�#�67� �W ��"�� �'�
�� ���	

 ����!����:  

)5 (                      xik

i

j

j

xik

i

j

jj

j

j

j

j
e

eA
be

eA
a

−

− 













−
+














= θθψ

11  

:�b�	
 ��	 
� �/  

 ���1 .�����	
  ���� ���� �� �	��� � 	 �!"#�$%	�&

.'��!(!�!& 



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۲۸

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

)6  (                                    
22)/(

/

mdxVVE

mdxVVE
A

jdsg

jdsg

j

−+−

−+−
=

  

)7   (                               22)/( mdxVVEk jdsgj −+−=  

1θ   
2θ �� 
� �W �� 	� =����� ��'�	��  ���   .X ��� ��"�� 
�

   <�	 <�	

jθ  
� �W �� 	�� ��'�	�� �'�
�� 
� j   ��"�� f	

 K�#�67� �W 4���/�!���� 
��� �	 2��3��	 �� .�3�H� y  2�	��	

 !� 
	  
��� �	 !��� �/ >?�@� !"	�� d��B� 8AW 
� </�"

 <U$ 
� 4����	y  
��	 � �<�	 ��"�� �� 
�
2θ   

jθ  	
�!�	��  ��

 
� �W �� 	� =�"
1θ �� v�	 
 ��� J
�h:��/ ����     

)8   (                                           )
sin

arcsin( 1
2

dsVE

E

+
=

θ
θ  

)9   (                                  )
/

sin
arcsin( 1

dxVVE

E

jdsg

j
+−

=
θ

θ  

 2��3��	 ��   >?�@� !"	�� ��� 
� s�� n�	�� !^����* 4�5,	 ��

� ��� �b�	
 +��b� 
��, 4�5�"	 �4����	 K����� F 
 �	� <��

�!1��]16 �17[:  

)10              (                             2

1

2
1

cos

cos
),,( tVET ds

θ

θ
θ =  

 !������   
� �W s�� �6�	� �4����	 K����� F 
 
�� ��'�	�� 

� ��"�� �� 
�� ��W�%�;�
� !������ J
�h�!��� �� .

 K����� ��� �b�	
 ��W�%�;�
��3�����
  
� 
 �0� !"	��

 �
��G�� �������!�	��  K����� ��� �������3�����  ��"�� �	 	


� ��
� �� l
���� ��� J
�h��
 1 <��]16[:  

)11   (                                                       








=








0

1 t
M

r

  

� 4����	 K����� �b�	
 ��	 
� �/� ��� �b�	
 +��b� 2��1 <��

�!����]17 �18[:  

)12          (                            ∏ +
−=

j

jjjj xMxMM )()( 1

1  

 �b�	
 ��	 
�)( jj xM ��� 4����	 K����� j   ���	 1j+  �'�
�� ���	

 <��9�� 
�   K�#�67� �W ��"�� 
�jx  �!���� . 

!� 	
 �$
� �3h 
��� 
� ����$ �
��, 4�5�"	 ����� �	 K*

4���W +��b� �	��� 
�6�u�u	��k- ����I� ��� �b�	
 +�# �'����

 ��/]16� 19[:  

)13  (                  − −
=

F

dsF

E

VE
ds

dEdEVETII
2/

2/
1110 cos),,(

π

π
θθθ  

 
��	 � �b�	
 ��	 
�
2θ   

jθ  ��� ����
2

π
−  ��

2

π  ��W�% �;� 
�

.��� 8��� 	
 
� �W 
��	 � f�5� �� ��� ) �b�	
 
�13 ����$ (

 �b�	
) 
��, 4�5�"	 =�"��10� (�!� <�� 
� �/ 
�b��5� .��1

) �b�	
10 �;"]� (�!���  
��, 4�5�"	T  
��, �6�	� =�" ��

t ��!� <�� 4����	 K����� F 
 �	 
��, �6�	� ����I� 
	�� .��1

) �b�	
 +��b� �/ <�	 2�� 2��3��	11!� (.����  N@� 
�3 

� M�����<�� 2��1 ���� 
������	�� �	 +��, ���* �� 2�� 
���

 
	�9 8�?I�   ���0� �
��   �u	
	 (�)���*���!%��� �/w �� f�k .

 <�	 ��	f�� 
� !�����/ �	 2��3��	 �� M����� =?�� 
	�W	�<�� 

2��1 .<�	  

3- 2.� 
 3����  

 N@� ��	 
� �%&!��
  �� �	��� ��	 
������	�� !'�� ��'�	

 (�)���*�� +��, ���*!� !�
�����% N@���� 
� 	���	  
 ��	 �	 .

3-1 �A@B���
 ) :����� ����$DC Characteristics �?5$ �	 (

) �����1 )���  �F���G ����$ �� �� 
 ����$ <���Threshold 

voltage) �����1 ��� ����� �(subthreshold slope ���	 �� 4�6� �(

) ��
� )���  �	 !��� 2��DIBL 8�	�,   (��H�  �����	
�* ��	 ��

!� !�
������% N@���� 
� KL� .3-2 �A@B� V����1 
��

5�) !�����
	�� ��DTransconductance !$ �G <�	�� �(

)Outputconductance) !$ �G <� ��� �(Output resistancs   (

) )���  2�U�Gain 
	�� ( ��	� 
������	���!� <��1 �6� 8�	�,  

��H�  !����
	 �����	
�* ��	 ���!����%.  

3-1- $456���� 7'*��� %��
8  

J����I� 
� !�"	
 
	���  ���* 4�# (� �	 2��3��	 ��a   

 ���* 
)��	avE
F

/0 ℏ= �5� �5/�<�� ��� �� J
�h ���  �u	
	

�!����2��� 
	�� . 3Se2Bi !��W <,�� ��m/s 510×2/=
F

v6  4�#   

���* nm 20=a ��	�� ���* 
)��	 
	��� meV 4/20=0E �! ����]20[ .

 8'�2  ��	 
������	�� 
	�� 	
 <�% )���  =�" �� ����$ 
	��5�

   �� 
 ����$ <��m   � ��� (�)���*�� +��, ���* �� �	���

!��W 
)��	 
	�� F���G ���* 5/2=FE�� )���  ���
� l��-l
�� 

2/0=dsV�  4���/ 4�#3=d  4����)60  (���������   ������ 
	�	

 ��B� ��5, N#�67� >?�@��!���. 



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۲۹

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

  
vG �� 8'� 
� �/ 
�b��5� )���  �<�	 2�� y@B� ��X

 �5� 
	�� �����16I6�!�� ����`��  �� ��	��87/≈gV2 �!����  �/

 ��5, N#�67� 2�	��	 �	 8���� �����1 )���  �/ <�	 ��	 �^����

 n$�� 
� .<�	]21[  
������	�� 
� !�b6� 
�����
�/ ��%�6����

 � �� !��% � !?��� �	��� ��	 
	�9 !�
�� �
�� 	
 ����*2�	���	 .

�1��  
�/ n��� e]�G	 �� ����	  �����1 )���  2�	��	 �/ �6�W��
�

)work function <�% �?W   4���/ 2��� (�!����  �� z���� �/

 �%&!��
 ��� �06�	 
� .<�	 <�% �?W   4���/ 2��� K6$  
�

 8'�2 ���N#�67� 2�	��	 ���7� 
	�	  �5� 
	��6I6�!��  K6$

 <�% �?W   4���/ ���7�5�!�6/.  

 ��	 
������	�� 
� 2���/ 4���/ J	��	 !����
	 
	�� ��	�	 
�

���� (�)���*�� +��, ���* �� �	��� J	���7� �2�� 
��� �����

) �����1 ���SS ��
� )���  �	 !��� 2�����	 �� 4�6� �	���   (

)DIBL 
	�9 !�
�� �
�� (�!%���b��5� . 8'� 
� �/ 
�2  2���B�

�!��� ��{��� 7� J	���7� <�	 ��X�� �� 
 ����$ �� N#�6


�!��"� ��5, N#�67� N�	�W	 �� �/� 
� 
)��	 .% N�	�W	 8���

 
��B�� <W	 F���G ����$ �4���/ ��"���!����  |�m�� ��	 �/

<I� 	
 
������	�� ��'?5, 
� :U� �A@B�  � 
	�9 ������!���.  

 8'�3  �� 	
 F���G ����$ �� �� 
 ����$ J	���7� 
	��5�

 ��B� ��5, N#�67� >?�@� ������ 
	�	�!��� 2���B� .�!��� 

 ����$ �� �� 
 ����$ <��� ���5, N#�67� N�	�W	 �� �/

 N�	�W	 <�	 4���0�� 
�����
�/ 
� :U� ���	
�* (� �/ F���G

�!���� ��  
	�	2=m 
	��� �	 �1 2�	��	 410  !���6� 
	��� �/

 
� 

������	�� 
�����
�/ 
	��)��	
��
 !� ����* 
��, ����

�!�6/.  

  
��f�0�	 J����I� 2 ], ��B� 2���!���  2�	��	 N�	�W	 �� �/

) �����1��� ����� �N#�67�SS N��/ (�!���� �����1��� ����� .

)SS �	��� ��	 
��
������	�� 
� :U� ���	
�* (� �(�!����  �/

� ��� �b�	
 +��b�� <���!1�� ]1� 22[:  

)14       (                                  )/log(/ 0IIddVSS g=  

 (� N�	�W	 
	�� f�k <�% )���  
	��� �	 <�	 J
��, ���	
�* ��	

 ���	
�* ��	 �X ��   �����1��� ����$ 
� �"	 (X�/��  ����

}�?b���  2��$	 
������	�� �� 	��� �<�	�!���  
� ��)��	
��
 

 4 �$ .�6/ 85, ����* !?�G1 2�	��	 ������
��% ����� 2��

) �����1���SS 
	�� (N#�67���
  ��B� 	
 >?�@��!��� .

 2���B��!��� � ������ �/�<�� 2��1(X�/��  v���� 
	��� �	

�?W �	��� ��	 
��
������	�� 
�- �/	��-��:����

  !��5��

�!����  �� ��	�� �/ mV/decade60  |�m�� ��	 �0��� 
� .<�	

~��� 
��W
 ���U� ���06� �� 
������	�� 
� F���G <��" �� !��

 !��5�� �	��� ��	 
��
������	�� �� <��� (�)���*�� +��, ���*

�!���.  

���� 
������	�� 
	�� �/ 
�^�� ���	
�*
��� 2�� �
��

!� 
	�9 !�
�����% )DIBL (�!���� �	 <�	 J
��, ���	
�* ��	 .

��
� l���� )���  J	���7� �� �����1 )���  J	���7� <���-  l
��

� ��� �b�	
 +��b� �/� <���!1�� ]23[:  

)15     (                                          
12

12

VV

VV
DIBL THTH

−

−
=  

�� �b�	
 ��	 
� =����
1THV   

2THV �� �����1 )���  l���� )���  
	�	

��
�-  l
��
1V   

2V �!���� 4 �$ .1  ����I� �0���

)DIBL ��� (��)��� �l���
 1/0=1V   5/1=2V �� ������ 
	�	

 ��B� 	
 N#�67� >?�@��!��� 2���B� .�!���  N�	�W	 �� �/

) ������ N#�67�DIBL N�	�W	 (�!����� M���� 4�" ��	 �� .�

<�� ��B� 2��1�!���  ������ �� <��������� ��	 �/���6�� 

 ���2 � 	 �!"#�$%	�& 
	�� *�+ ��"(
 ,#- �� ����. �	/!0% .

 1!��2 
 3�
� ����. *�45
 
/ 3�� '��!(!�!& ���� �	���

./!0� 6��78� 9�":� ��/�;� 
	�� 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

Ef=2.5, Vds=0.2, d=3

 

 m=1
 m=1.5
 m=2
 m=2.5

I/I
0

VTG1.0 1.5 2.0 2.5

0

1x10
6

2x10
6

3x10
6

4x10
6

5x10
6

 

 

I on
/I of

f

 magnetization (m)

 ���3 =	���8& ,#-�� 1!��2 �� 3�
� ����. *>#%  .

.6��78� 



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۳۰

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

 
���� �'�?�� ���*�� �	��� ��	 
��
������	�� 
	��(X�/�� 

�!����.  

  

  

 

 

  

 

3-2- $456���� ������  

���� �	��� ��	 
������	�� ��6/	
����b�� �	 2�� ��'?5, �;�

 
	�9 !�
�� �
�� V����1�!%���  ���7� ��D5� !������	
�* ��	  

 
 
 �� 4���/ 4�# ���7�   ��5, N#�67��A@B���
  �	 V����1

) !�����
	�� �?5$mg) !$ �G <�	�� �(dg<� ��� �( ) !$ �G0R (

) )���  2�U�  VA !�
�� (�!���% ]27-23[ �	 <�	 �/w �� f�k .

<�	 ����* �����1��� ��"�� 
� 
)��	 e]�	 �/ �0�1 ��A@B���
 

 
	�9 !����
	 �
�� ��"�� ��	 
� V����1�!%���  .  

) !�����
	�� 
��W
 	���	mg N#�67� >?�@� ������ 
	�	 �� (

 
	�9 !�
�� �
���!%���) !�����
	�� ���	
�* .mg <���� �	��� (

)amplification y@B� 	
 
������	�� 
� (�!�6/ �X �� ��	���6� .

) ������mg (V
����  �^���� �����2�U�
 
    <�	 <���� ��B��

 V����1 
�����
�/ 
	�� ��b9=��6��� �!���� !�����
	�� ������ .

)mg �b�	
 +��b� (
gm VIIg ∂∂= /)/( 0

  =�"�� ����$ 
	��5� �	  

 8'�) <�% )��� 2� (� <���!1�� 8'� .4  !�����
	�� 
	��5�

 
	�� 	
 <�% )���  =�"����   ��5, N#�67� >?�@� ������ 
	�	

5/2=FE  ��B��!���.  

  

 2���B� �/ 
�b��5��!��� !�����
	�� 	���	 <�% )���  N�	�W	 �� �

 �5� 
	��6I6�!��  ��B�� N�	�W	 �� KL� .�
	� 
��X�� 
	���

 	���	 �<�% )���  
	���6I6�!  N#�67� �� z����1m=  �� | ��

 N�	�W	�!�6/  �1 �	 ���  6I6�!��
 �� 
��� !�����
	�� =����

N#�67� ������ N�	�W	�  N�	�W	�!��6����� . !�����
	�� ��X�� ���

 
�6I6�!�� �� 8�9 ��"�� �� z���� �N#�67� >?�@� ������ 
	�	

 �� 
 ����$ �	6I6�!��
  )���  =�"�� ����$ 
	��5� 
� ���6��

 8'� <�%2 �!���� ��   �� 
 ����$ �/ !��% )���  
	�	

�!���  ��G �6�B�� 
	��� �� !�����
	���!��
. ��5� �/ 
�#

 2���B��!���  �6�B�� !�����
	�� 
	��� N#�67� N�	�W	 ��

 N�	�W	�!����� ��

�#�� �/ N#�67� 
	�	5/2m=  
	��� ����B��

� !�����
	��� <���!1�� ���06� N#�67� N�	�W	 ��	���6� .

<�� ������ �� !���V
����  ��U� V����1 ���
�/   !�����
	��

�!���.  

 
	�� 4�" �� 4���/ 4�# ���7� ��	 !�
���A@B���
  �V����1


) !�����
	�� 
��Wmg�� ( 4���/ 4�# J	���7� 
	�	 
	�9 �$�� �
��

!����% 8'� .5 ) !�����
	�� 
	��5�mg 	
 <�% )���  =�"�� (

 4�# 
	��4���/��
  ��B� >?�@��!���.  �5�4�#��  �� <���

 ���* 
	���nm 20a=  2�� 2������� .��	 2���B��!���  �/

) !�����
	��mg 4���/ 4�# N�	�W	 ��   <�	 l��" 4���/ 4�# �� (

) !�����
	��mg N�	�W	 (�!���� 4���/ 4�# N�	�W	 ��	�	 �� ��	 .

) !�����
	�� <����" �	���mg!� :/ 4���/ 4�# �� (� �����

 8'� 
� �/ 

�#5  2���B��!���  4���/ 4�# N�	�W	 �� �/

 �6�B�� ��� �?h�W6I6�!��  :/�!���.  

  
  

DIBL  SS(mV/dec)   

۰۶۴/۰  ۲۴/۸  m=۱ 

۱۶۱/۰  ۶۱/۵  m= ۵/۱  

۳۲۲/۰  ۸۵/۳  m=۲ 

۵۸۰/۰  ۸۱/۲  m= ۵/۲  

2.5 3.0 3.5 4.0 4.5 5.0

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 

 

 m=1
 m=1.5
 m=2
 m=2.5

g m
 

VTG

 ���4 ��/�;� 
	�� *�+ ��"(
 ,#-�� @��%�A�	�& �	/!0% .

./!0� 6��78� 9�":� 

2.5 3.0 3.5 4.0 4.5 5.0
-0.2

0.0

0.2

0.4

0.6

 

 

 d=1
 d=2
 d=3
 d=4

g m

Vg

 ���5) @��%�A�	�& �	/!0%  .mg 
	D	 �� *�+ ��"(
 ,#-�� (1=m  

 F!� 
	��F�%����
 .9�":� 

8 �
&1 
���*� .SS 
DIBL $��	 	 :��5� 
���*� 



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۳۱

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

) !$ �G <�	�� !6�� V����1 ���	
�* ��� � ��	�	 
�dg ( �
��

!� 
	�9 !�
�����% 8'� .6 ) !$ �G <�	�� J	���7� 
	��5�dg (

��
� l���� )���  =�"��- 
	�� 	
 l
��5/2=FE� 6=gV  
	�	 ��  

 ��B� ��5, N#�67� >?�@� �������!��� . ������ <�	��

) !$ �Gdg� (� )���  =�"�� ����$ !6I6� �	 :����� J
�h

��
� l����-  8'� l
��6  s	�@��	 (>�	)2��  �	 ��6D5�  

 �b�	

dsd

VIIg ∂∂= /)/( 0
�� <���!1��. 

 8'� �	 �/ 
�b��5�6  2���B� (})�!��� ��
� )���  N�	�W	 �� �

) !$ �G <�	�� ������dg ���7� 8'� (� �� !6I6� �� �� 
	�� (

�!�6/) !$ �G <�	�� l���� )���  N�	�W	 �� .dg N��/ (�!���� .

 �� !B��/ �� 
 ��	5/≈dsV2  ��	�	�!����  <�	�� ������ KL�  

) !$ �Gdg 	��* N�	�W	 !6I6� �� �� 
	�� (�!�6/ 
��W
 ��	 .

) !$ �G <�	��dg 
� !36� !?���	�3�� !%�6���
 �	 !��� (

 8'� l���� )���  =�"�� ����$ 
	��5�6  (>�	)�!����. 

 

 
 2���B� ��6D5��!��� ) !$ �G <�	�� !6I6� �/dg�� ( 
	�	

 N#�67�2m=   
��5/ 
	��� 8/ 
� �^�� !6I6�  � �� ������ 
�

 .�
	�  

<�5�	 
	
	� V����1 
�����
�/ 
� �/ 
��� ���	
�*  !�k��

) !$ �G <� ��� <�	0R (�!����  <�	�� l�'�� �� ��	�� �/

 �b�	
 �	   <�	 !$ �G( ) 1

00 /)/(
−

∂∂= dsVIIR �� <���!1�� .

) !$ �G <� ��� J	���7�0R l���� )���  J	���7� =�"�� (

��
�-  8'� 
� l
��7  2���B� .<�	 2�� :�
�!���  �/ �/

) !$ �G <� ��� !6I6�0R N#�67� �� z���� (1=m  
	
	�

 <� ��� ����B���!����  <� ��� N#�67� ������ N�	�W	 ��  

 N��/ !$ �G�!����. 

) !�����
	�� ����I� �	 K*mg) !$ �G <�	��   (dg f�% �(

)���  2�U� ����I� ���
dmV

ggA /= �� �	��� ��	 
������	�� 
	��

 2�� 
��� ���� (�)���*�� +��, ���*�!����.  8'�8  
	��5�

) )���  2�U� J	���7�vA�� 	
 <�% )���  =�"�� ( 
	�	5.2=FE   

 ��B� N#�67� >?�@� ������ 
	���!���.  

 8'� 
� �/ 
�b��5�8 � 2���B�!���� ������  )���  2�U�

��	�	
 % )��� �<��
 ����( � 
	��� �����1 )���  �����B
  �
	�

	�W	 ��  �N � N��/ )��� !���� ��B� �/ 2�U� �/ <�	 �1 2�6��

 �/ )��� �( �� 
� :U� ���	
�*��� �A@B���
  
� <�	 V����1

"���� � �����1 )���  e	�#	���B��  2���B� �5m 
� .�
	� 	
 
	���

�!��� 	�W	 �� �/�N  
	��� �� )���  2�U� ��5, N#�67� 
	���

^5BX��
 	�W	�N �!����	���6� .�� 	�W	 ���N ������  N#�67�

� ���5,��	� 2�U�
 
 	��
 �A@B���
 �����
�/   V����1
 

�	
 K��/�W��!� 	�W	�N �!����. 

 

0 1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 

 

 m=1
 m=1.5
 m=2

I/I
0

Vds

(>�	) 

0 1 2 3 4
-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

 

 

 m=1
 m=1.5
 m=2

g d

Vds

(}) 

 ���6 *�	�� =	���8& (H) 
 ����. (9(	) �	/!0% . @.
�2

.I���� ��"(
 ,#-�� 

0 1 2 3 4
-4

-2

0

2

4

6

8

10

 

 

 m=1
 m=1.5
 m=2

R
0

Vds
 ���73��/ ��"(
 ,#-�� @.
�2 *�
�;� .- .I�!A 



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۳۲

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

  
 n$�� 
�]28[  2��� �	 d��� :?�W (� ��%�6���� +��,

 �;�
� 	
 (�)���*����W�%��	 ����	�� (� �1 
 
 ��   ��	 
��

���� 	
 �	���2��/ 
���� �06�	 
� .��	�:?�W 8��� +��, ���

 M���� .<�	 2�� 
	���* �1 

	�� 
��G�� 
� 
)��	 .% (�)���*��

!� ��B� �U�1�m�" 
�/ �6��5� �/ ����  !��G  !'�� ��'�	 g	�G

�� 2��1 <��<�	 F���G ����$ �� �� 
 ����$ <��� �?5$ �	 .

 �" 
�410 !����� .� ������ ��605��<�� !�����
	�� 
	�� 2��1

>��m ������ !��'�?�� 
������	�� (� �� <��� !'���'�	 	
 
��

!� ��B�.���  

 2
�5� 4 �$ 
�2�  !�
�� 
������	�� 
��?/ �A@B� �6X

 �^�� n$�� �� 
��
������	�� �� ����� ��	 
� 2�� ���B� ����	 
�

 ������<�	 2�� n$	�� .]29 �30[ �� �	��� ��	 
������	�� =����

 ����
) 
���  � 2��� ���* �� (
��� � :����
))�W	�%    ����	 
�

���B� 2���  n$��  ]31[  (� ����5�� �	��� ��	 
������	�� �� !�

��'�?�� ���* ����	 ��5� 
� !���5� .����# �	 �/ 
�
�����	
�* 

 
������	�� �<�	��* 4 �$ ��	 +��, 
�6���� 
��U6B�*

 ��%
�� ��� (� F���G �� �� 
 ����$ <��� 
	
	� (�)���*��

!� !�
�� �
�� 
��
������	�� ���� �	 !�	w 2�U� ��6D5� .����

�� 
������	�� ��	 ��k�� �1 
���� ���� ���
������	�� ���� �� <�

!� V����1 
�����
�/ 
	�� �����1��� =�� ��1 �� 2 ], .����

 �� <��� ����� ��	 
� !�
�� �
�� 
������	�� :/ 
����

 <�� �I� 
	
	� f���� !��'�?�� 
��
������	��mV/dec60   

 
	
	� �/ :����
) !?��� 
��
������	�� �� <��� ��6D5�

!5� ��W <�� �I� �	�� e�A� ��I� �	 �1 
���� �^����5� ��6���

!� 4���0�� 
��
	�� 
� ��5/ (�����	 ������ <��U� 
� .����

 ���	
�*DIBL  
��
������	�� 
� ���B� ���	
�* �� 
������	�� ��	

 �� <��� 
������	�� ��	 ��B�� 
���� !65�	 �^B��5� !��'�?��


� 2���/ 4���/ J	��	 !� 
������� 
��
������	�� .������ J
��,

� �����1 )���  �� !5/ 
���� ��	 ��
� l���� )���  ��^��� (� �	�6,

.�
	� 2
	�W	 
��?/ ���	
�*  

  

 F
�.2'��!(!�!& ���� �!"#�$%	�& 
���� 
���"�	��� �#��;� :  3�	

�(�;�  �� �!"#�$%	�& �7��L	�	 �M�/ =N�;� �/ ���  

Gain  off/IonI  DIBL  SS   

38  610  58/0  81/2  TI FET 

For m= 

5/2 

16  510  -  23/6  ]29[  

17 510 - 68 ]30[ 

-  510  27  66  ]31[ 

  

5- $<'���
'=  

2�U� �� ����� ��	 
� 
���	�� g	�G �	 
��%�,�+��
   (�)���*��

���� (�)���*�� +��, ���* �� �	��� ��	 
������	�� (� 
��� f�0�	

<�	 2��+��, 2&�  
���	�� g	�G �?5$ �	 . (�)���*�� 
��

!� �	�� ��	 

	�� 
��G�� 
� 2��� ��	 <�	 2�� =$�� �/ ����

� !W�# �	   ���� ���	� 
�?W ��� <�h�G 
��, <��"� 8���

!bG
��G�� ����  <,�� �d	��� z��� e	�#	 
� 2��� ��	 

	��

!%&�  �^�� �	 .���� !��W <,�� 
�� ��?��" ��	 �	�� ��	 
��

 �	�� ��	 ab� �� ��5, !��#�67� �	��� 4�5,	 ��	 
� �/ <�	

!� ��� 2��� ��	 

	�� 
��G�� 
� 
)��	 .% ��W �� 2��� ��	   ���

:��!� !�����
� 2�	��	 :�;6� �� .� 
!� !��#�67� �	�� �	��

 .��/ 4��6/ 	
 
)��	 .% 2�	��	�� ����� ��	 
�  ��	 l��	

 �%&!��
 �5�� �	�� 
� �/ ��W �� �AI6�� ��;� f���� 
��

 <�	 !��5�� �	��� ��	 
��
������	�� l��	   ���* �/ ��'�?��

�	��� ��	 
������	�� (� ��
	�� ��$  ���$ ���� 
��� .����%

B� M����!� �� 4���/ ��"�� �� �/ N#�67� N�	�W	 �� �/ ���

4�5,	 <��� ��	���6�   ��W�� N�	�W	 4���/ ��"�� 
� 
)��	 .% 2��

 <�	 

������	�� :U� �A@B� (� �/ F���G �� �� 
 ����$

 
	��� �	410 2��	 
	��� (� �/!� � �0� <�	 41 ��6D5� .�6/

�� 
	��5� 
� ��
�   l
��   4���/ !"	�� 

	�� 
��G�� 8���

 �
 k�� <��� �� 2
� �� �?9 (� ��
� )���  =�"�� ����$�!��� .

�u	
	 M���� ��6D5� ��B� ����� ��	 
� 2���!���  ������ 
� �/

 +��, ���* �� �	��� ��	 
������	�� �!��5�� �	��� ��	 
������	�� ��

	
	� (�)���*�� 4���0��   V����1 ��'?5, 
=��6���
  �� <���

 ���� 
��
������	�����B� ����	 
� �!����.  

3.0 3.5 4.0 4.5 5.0
-20

-10

0

10

20

30

40

 

 

 m=1
 m=1.5
 m=2

Vo
lta

ge
 g

ai
n

Vg
 ���8) ��"(
 ��P� =	���8& �	/!0% .vA *�+ ��"(
 ,#-�� (

.6��78� 9�":� ��/�;� 
	�� 



   ارزيابي عملکرد آنالوگ و پارامترهاي . . .                                                  ۱۳۹۸، تابستان ۲، شماره ۴۹/ مجله مهندسي برق دانشگاه تبريز، جلد  ۹۳۳

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                              Serial no.88 

 ��6D5��	 K����� F 
 �	 J����I� f�0�	 
	�� ����� ��	 
� 4���

� 
	�� �'���� �u�u	��k 
�6�����W  ��	 ����$ ��
 1 <�� 2��3�

����%� M���� .�<�� ��B� 2��1�!��� N#�67� N�	�W	 �� �/ 

 N�	�W	 F���G ����$ �� �� 
 ����$ <��� ��5,�!����  ��	

�� ��6D5� .<�	 ��5, N#�67� 2�	��	 �	 8���� �����1 )���  M��

��<�� ��B� 2��1�!���  �����1 ��� ����� ���	
�*  � �/

)subthreshold slope���	 �� 4�6� �	���   (
� )���  �	 !��� 2�� ��

)DIBL���� 
������	�� 
� ( ������ 2�� 
���}�?b���
  <���

 �	��� ��	 
��
������	�� �� f����)MOS ��B� ��G �	 (�!�6�� .

 V����1 
�����	
�* �� ��5, N#�67� ��	 ��	�	 
�!�
�� �
��  
	�9

<W�%� M���� .�<�� ��B� 2��1�!���  2�	��	 N�	�W	 �� �/

 N��/ !$ �G <�	��   N�	�W	 !�����
	�� ��5, N#�67�

�!����N#�67� N�	�W	 �� �0��� 
� .� � (� �/ )���  2�U� 
���

����� !����	
 K��/�W ��'?5, !�	
�/ �	��� 
	�� 2�66/

 
������	���!����  N�	�W	�!���� . 

Q.	��  

[1] K. Boucart and A. M. Ionescu, "Double-Gate Tunnel FET With 

High-kappa Gate Dielectric," IEEE Transactions on Electron 

Devices, vol. 54, no. 7, pp. 1733-1725, 2007. 

[2] S. O. Koswatta, M. S. Lundstrom, and D. E. Nikonov, 

"Performance comparison between pin tunneling transistors and 

conventional MOSFETs," IEEE Transactions on Electron 

Devices, vol. 56, no. 3, pp. 465-459, 2009. 

از ترانزيستور ساختاري راحي اصغر اروجي "طعلي ،زادهحامد نجفعلي ]3[

) و 2fOHگيري دو ماده، اکسيد هافليم ( کاربهماسفت دو گيتي با 

-DMکانالي از جنس سيليسيم () در SiGeژرمانيوم (-سيليسيم

DG"(۲۹۹-۳۰۴، صفحه ۱۳۹۶، بهار ۱، شماره ۴۷وره د.  

اصغر اروجي، زينب رمضاني فر و عاطفه رحيمي فر     "ترانزيستور علي ]4[

تکنولوژي سيليسيم روي عايق با استفاده  نيمه هادي در-اثر ميدان فلز

 "س بالاکاناز يک تکه اکسيد اضافي در کانال براي کاربردهاي توان و فر

 .١-٦، صفحه ۱۳۹۵، زمستان ۴، شماره ۴۶دوره 

[5] Y. P. Chen, "Graphene and topological insulator based transistors: 

Beyond computing applications," in   ٧٠ th Annual Device 

Research Conference (DRC),  pp. ٣٧-٣٨ , 2012. 

[6] M. Z .Hasan and C. L. Kane, "Colloquium: topological 

insulators," Reviews of Modern Physics, vol. ٨٢, no. ۴, pp. ٣٠۴۵-

3067, 2010. 

[7] F. Xiu et al., "Manipulating surface states in topological insulator 

nanoribbons," Nature nanotechnology, vol. ۶, no. ۴, pp ٢١-٢٢١۶. , 

2011. 

[8] Y. P. Chen, "Topological Insulator Based Energy Efficient 

Devices," in Proc. of SPIE, vol. 8373, pp. B1-B5, 2012. 

[9] ]A. K. Geim and K. S. Novoselov, "The rise of graphene," Nature 

materials, vol. ۶, no. ٣, pp. 183-191, 2007. 

[10] J. Linder, Y. Tanaka, T. Yokoyama, A. Sudb, and N. Nagaosa, 

"Interplay between superconductivity and ferromagnetism on a 

topological insulator," Physical Review B, vol. ٨١, no. ١٨, pp. 1-

11, 2010. 

[11] S. Datta, Quantum transport: atom to transistor. Cambridge 

University Press, 2005. 

[12] R. Vali, "Spin filtering through Cd ١− yMgyTe/Cd ١− xMnxTe 

heterostructure," Physica E: Low-dimensional Systems and 

Nanostructures, vol. 69, no. ٣, pp. ۶37-642, 2008. 

[13] M.Vali, D. Dideban, N. Moezi, "A scheme for a topological 

insulator fi eld effect transistor " Physica E: Low-dimensional 

Systems and Nanostructures, vol. ۴٠, pp. 360-363, ٢٠15. 

[14] Y. Zhang and F. Zhai, "Tunneling magnetoresistance on the 

surface of a topological insulator with periodic magnetic 

modulations," Applied Physics Letters, vol. ٩۶, no. ١٧, pp. 

١٧٢١٠٩-172111, 2010. 

[15] J. Zhang and J. Yuan, "Electron transport with tunable 

ferromagnetic barriers on the surface of topological insulators," 

The European Physical Journal B, vol. ٨۵, no.100, pp. 1-6, 2012. 

[16] S. Datta, Electronic transport in mesoscopic systems. Cambridge 

university press, ١٩٩7. 

[17] S. Ghazanfari, "Transfer Matrix Approach to One-Dimensional 

Electron Transport in Graphene Sheets with Piecewise Constant 

Potentials," Acta Physica Polonica A, vol. 123, no. 1, pp. 148-151, 

2013. 

[18] M. Katsnelson, K. Novoselov and A. Geim, "Chiral tunnelling 

and the Klein paradox in graphene," Nature physics, vol. 2, no. 9, 

pp. 620-625, 2006. 

[19] L. Wang, K. Shen, S. Cho, and M. Wu, "A scheme for spin 

transistor with extremely large on/off current ratio," Journal of 

Applied Physics, vol. ١٠۴, no  .١٢ , p. ٢٠٠٨ ,١٢٣٧٠٩.  

[20] F. Zhai and P. Mu, "Tunneling transport of electrons on the surface 

of a topological insulator attached with a spiral multiferroic 

oxide," Applied Physics Letters, vol. ٩٨, no. ٠٢٢١٠٧, pp. 1-3, 

2011. 

[21] M. Akram and B. Ghosh, "Analog performance of double gate 

junctionless tunnel field effect transistor," Journal of 

Semiconductors, vol. ٣۵, no. ٧, pp. ٠٧۴٠٠١(1)-074001(5), 2014. 

[22] J.-P. Colinge et al., "Nanowire transistors without junctions," 

Nature nanotechnology, vol. ۵, no. ٣, pp. 225-229, 2010. 

[23] S. K. Gupta and S. Baishya, "Analog and RF performance 

evaluation of dual metal double gate high-k stack (DMDG-HKS) 

MOSFETs," Journal of Nano-and Electronic Physics, vol. ۵, no. 

٣, pp. 03008(1)-03008(8), 2013. 

[24] R. Narang, M. Saxena, R. Gupta and M. Gupta, "Effect of 

temperature and gate stack on the linearity and analog 

performance of double gate tunnel FET," in Trends in Network 

and Communications: Springer, pp. 466-475, 2011. 

[25] R. K. Baruah and R. P. Paily, "Analog performance of bulk 

planarjunctionless transistor (BPJLT)," in Third International 

Conference on Computing Communication & Networking 

Technologies (ICCCNT), , pp. 1-4, 2012. 

[26] K. Boucart and A. M. Ionescu, "Length scaling of the double gate 

tunnel FET with a high-k gate dielectric," Solid-State Electronics, 

vol. ۵١, no. ١١, pp. 1500-1507, 2007. 

[27] D. Flandre, J.-P. Raskin and D. Vanhoenacker-Janvier, "SOI 

CMOS transistors for RF and microwave applications," 

International journal of high speed electronics and systems, vol. 

١١, no. ٠۴, pp. ١٢۴١١-٨۵٩ , ٢٠٠١.  

[28] J. Chang, L. F. Register and S. K. Banerjee, "Topological insulator 

Bi2Se3 thin films as an alternative channel material in metal-

oxide-semiconductor field-effect transistors," Journal of Applied 

Physics, vol. 112, no. 12, p. 124511, 2012. 

[29] A. H. Bayani, D. Dideban, M. Vali and N. Moezi, "Germanene 

nanoribbon tunneling field effect transistor (GeNR-TFET) with a 

10 nm channel length: analog performance, doping and 

temperature effects," Semiconductor Science and Technology, 

vol. 31, no. 4, pp. 1-7, 2016. 

[30] M. S. Mobarakeh, N. Moezi, M. Vali and D. Dideban, "A novel 

graphene tunnelling field effect transistor (GTFET) using bandgap 

engineering," Superlattices and Microstructures, vol. 100, pp. 

1221-1229, 2016. 

[31] P. Razavi and A. A. Orouji, "Dual material gate oxide stack 

symmetric double gate MOSFET: improving short channel effects 

of nanoscale double gate MOSFET," in 11th International 

Biennial Baltic Electronics Conference, pp. 83-86, 2008.

 

 


