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1.0 INTRODUCTION
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“There’s Plenty of Room at the Bottom” given by 

physicist Richard Feynman in an annual meeting 
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the matter in atomic and molecular levels. Finally 
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laboratory, Tsukuba, Japan. This discovery became 

the launching pad of Today’s nanoscience and 

nanotechnology [2]=
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researchers, engineers and technologists have 
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is a nanoparticle having all the dimensions reduced 
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controlled electron tunneling to amplify current X�Y.  

����"%��$
��
>��"?+
&�<
�)�"*
����"
5\
�����+
���


density of transistor in integrated circuit is becoming 

almost double X^_`Y=
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and leads to evolve alternatives using nanoscience 

and technology [8]=
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an option to replace normal transistor either bipolar 
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of electronic devices like optical computers etc. 
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electronic devices and sensors. The objective of this 
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on operation of SET and its promising applications 

in the alternative devices to meet the upcoming 
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2.0 TRANSISTOR  
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to processor consisting of millions of transistors 

in a chip to be used in the computer. Finally, the 
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ending the regime of semiconductor technology.
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Fig-1: Graphical presentation of Moor’s forecast [10]
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electronic devices. The three terminals are source 
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as n-channel and p-channel depending on the type 
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provides current through the channel. The gate 
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time, the fabrication of SET has been possible in the 
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3.0 QUANTUM DOT (QD) 
When all the three dimensions of a material reduced 

to the nanometer range, then this material is called 
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shape. When the material dimensions reduce then 
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atom X5�Y. Accordingly, its electrical and optical 

�"���"���+
%����%
��+�&*
��
��+
+�#�
��%
$�����"���&


+�"!��!"�
��
���
9!���!�
%��
�;��=���"�
�+
����&&��


and semiconductor QDs. The metallic QD used in 

the construction of SET. The density of quantum 
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4.0 SINGLE ELECTRON TRANSISTOR (SET) 
�
 +��$&�
 �&���"��
 �"��+�+��"
 ��	��
 �+
 �
 ��<
 �*��


��
 +<������$
 %�)���
 ����
 !+�+
 ����"�&&�%
 �&���"��


tunneling to amplify current. This transistor is 

constructed based on quantum mechanical principle. 

The single electron transistor is similar to the normal 
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QD. The QD is separated by thin insulators from both 

the source and drain. The thin insulators act as tunnel 

'�""��"
'��<���
+�!"��
��
;�
��%
;�
��
%"���=
���


gate is connected to the QD by a capacitor, Cg. as 
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steps such as source to dot and dot to drain. The gate 

voltage Vg controls the charge on this capacitor Cg.

Fig-4: Construction of SET

Working Principle 
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and drain by the thin insulators, is capacitively 
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gate controls the tunneling current across the tunnel 

barrier and operates on the principle of coulomb 

blockade.

Fig-5:
���
��"�!��
��
�	�
�'�
��!&��'
j&��(�%�

The energy needed to charge the capacitor is e2
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is typically 80 meV [1]. If this energy is not supplied 
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Under no bias condition, the transportation of 
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this case, electron may transfer from source to QD 
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, the tunneling 

of one electron through the QD in a fashion source 

to QD and QD to drain is possible to make. In that, 
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5.0 DISTINCTIONS BETWEEN FET AND SET 
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Table-1: ��w�"����+
'��<���
/	�
��%
�	�

6.0 PROMISING APPLICATIONS OF SET 
The SET used in a variety of applications as describe 
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shot measurement X�Y. 
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the room temperature and therefore can serve as IR 

sensor in sophisticated device like IR camera. 

�=
���
�	�
���
'�
!+�%
�+
�F�"���&*
+��+���)�
��%


��������&&*
 !+��!&
 %������"
 ��
 ���"�<�)�
 <�)�


radiation.  

Aspect FET SET
Mode of 

operation

All electrons move through the channel from source 

to drain directly, where gate voltage controls the 

number of electron. 

Only one electrons hopes the tunnel 

barrier  and passed through the 

source to QD and QD to drain

Mode of 

switching

When electrons ar e added to the semiconductor 

then switch on which represents logic 1 and when 

remove them the switch off which represent logic 0 

in the computers.

Switch on or off is controlled only by 

one electron. As such it is faster than 

FET in its switching operation.

Power 

dissipation

While moving electrons through the channel causes 

heat to the system or device due to their collisions 

and the generated heat is dissipated by radiation 

from the device.

Single electron hopes from the source 

to QD and QD to drain in its 

operation, it does not heat up the 

system or device. So almost no power 

dissipated by radiation from the 

device.

Tunnel 

barrier

It does not have tunnel barrier rather there is 

depletion region of positive charge inside the 

channel to control the flow of electrons

It has tunnel barrier which is 

developed between source and QD, 

and QD and drain because QD is 

separated from both the source and 

drain by a thin insulating materials.

Coulomb 

blockade

It does not have coulomb blockade (CB) It has Coulomb blocked, which equals 

to e 2/Cg

Linking Normal conductor wire is sufficient enough to 

outside environment linking.

A quantum cellular automation (GCA)1

the best option to form a circuit link 

with the outside environment.

Current 

Carriers 

Millions of electrons are the current carriers in 

conduction bands in the semiconductor used as 

channel.

Electrons are densly packed in QD and 

also localized by quantum mechanical 

confinement.

1The static electronic force is to link up between the basic clusters and QD to form a circuit linked by cluster, which is called quantum cellular automata 

(QCA). 
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d. The high sensitivity of SETs has enabled them to 

be used as supersensitive electrometers in unique 

physical measurements. 

e. Another application of single-electron electrometry 

is the possibility of measuring the electron addition 
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quantum dots and other nanoscale objects X�Y.  

f. The problem of leakage current is solved by the 

use of another logic device name charge state logic 
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since there is no dc current in any static state. 

g. An SET having nonvolatile memory function is a 

key for the programmable SET logic. 
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absolute temperature can be developed by the use of 

1D single-electron arrays X�Y. 

k. The single-electron transistors can be used in the 

“voltage state” mode.  

7.0 LIMITATIONS OF SET IMPLEMENTATIONS 
Despite variety of applications, SET implementation 

in the device has some limitations as discussed 
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logic circuits is the randomness of the background 

charge X5�Y.  
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of single electron logic devices is the requirement 
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d. Lithography technique is another major limitation 
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fabrication at room temperature X�7
5^Y.  

e. The rate of coherent quantum mechanical process 

is crudely less than that for the single-electron-

tunneling. 

8.0 CONCLUSION
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QD is separated from both the source and drain by 

thin insulating material. The insulating layers act 

tunneling barriers. The tunneling barriers need to 

overcome to hop electron from source to QD and 

QD to drain. In SET, QD is capacitively connected 
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by changing the quantum energy states of electrons 
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dissipated as heat due to collision of electrons. But in 

SET one electron passes the through QD, so no heat 

generates and does not dissipated as heat radiation. 

 

��
;�
���
%�&���&�#�%
�&���"��+
'�����
&���&�#�%
��%


���U��%
<���
%�+�"���
���"$*
 &�)�&+7
<����
���
'�


��&&�%
9!����#�%=
���+
9!����#�%
���"$*
+����+
��
���


;�
���
��)�
!�
��%
%�<�
��=�=
)�"��+�
����"%��$
��


���
)�&��$�
���&��%
��
��=
���+
)�"������
��
9!����#�%


electrons gives rise to unique electrical and optical 

property.    SET has numerous promising applications 
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infrared detector, supersensitive electrometer etc. 

Despite these promising applications, SET has some 

limitation of its implementations, such as lithography, 

background charge etc. 

ACKNOWLEDGEMENT 
���+
 <�"(
 <�+
 +!���"��%
 '*
 >�&���"*
 ��+���!��
 ��


�������
�
������&�$*
�>����=

References
X5Y
/�'"!�"*54{W
�++!�
��
��&����?+
	�$����"��$
��%
�������

X3Y
 �=
 	"��
 �"�F&�"7
 ����
 +*+���+�
 ��&��!&�"
 �������"*7


���!����!"��$7
��%
����!������
'*7
��&�*
5443

X�Y
���&
�!��"
��%
���"���%�"
�!'�*7
����$&�
	&���"��
�"��+�+��"�


Applications and Limitations”, Advance in Electronic and Electric 

	�$����"��$
��&!��
�7
�!�'�"
5
�3W5��7
��=
�`_{3

X^Y
 �=
 	=
 >��"�7
 ��"�����$
 ��"�
 ���������+
 ����
 ����$"���%


circuits”, Electronics7
)�&=
�\7
��=
\7
��=
55^_55`7
��"=
54{�=

[5] G. E. Moore, “Progress in digital integrated electronics”, Proc. 
IEDM Tech. Dig.7
��=
55_5�7
54`�=




[6] G. E. Moore, “VLSI: Some fundamental challenges”, IEEE 
Spectrum7
)�&=
5{7
��=
^7
��=
�W_�`7
��"=
54`4=

X`Y
�=
	"��
�"�F&�"7
j!&&����
��
�������7
������&�$*
�
������*7
��&=


3^7
��=
57
/�'"!�"*
3WW^7
35_3`

[8] W. F. Brinkman et al., IEEE Journal of Solid-State Circuits, vol. 

�37
544`=

X4Y
q���'
>�&&���
�54\��7
Electronic devices and circuits. Singapore: 
>��"�<_x�&&
����"�������&=
�=
�4`

[10] D. J. Plummer et al, IEEE Proceedings7
\47
3^W
�3WWW�=

X55Y
q!������
/��&%_	w���
��)���+7
Semiconductor Devices for Power 
Conditioning,
54\3

53Y
 j�(�"7
 =
 q���'
 �3W5W�=
 �>���
 Circuit Design, Layout, and 
Simulation, Third Edition. Wiley-IEEE

X5�Y
 ��!<����)��
 ��
 �&=7
 /�<
 	&���"��
 ;!���!�
 ���+7
 ��=
 �"�$=


��*+7

{^
`W5
�3WW5�

X5^Y
 ��
 �!��"
 ��%
 >��J��
 ��!"7
 ���$&�
 	&���"��
 �"��+�+��"�


Applications & Problems, International journal of VLSI design & 
Communication Systems (VLSICS),
��&=57
��=^7
�����'�"
3W5W=

���$&�
	&���"��
�"��+�+��"
�����==========
M. Z. Ahsan


