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Abstract: The single election transistor (SET) has become one of the most promising components in nanometer electronic functional
devices because of its advantages of low power consumption, high speed and high integration. But due to the specia features in
stucture, SEI usualy operates only in very low temperature, which preveris SEI' from being feasible devices. Therefore, it is very
important to investigate SET which operates in room-temperature. In this paper, based on the analysis of working mechanism of SEI', we
calculate the conditions in which SET can operate in room-temperature, then prepare SEI' samples in laboratory. The measurement
results show that the prepared SEI' can operate normally in roorr temperature. The research findings will deliver a fine foundation for the
practical application of SET.

Key words: single electron transistor ( SEI') ; room-temperature SEI'; nanometer device

, ( Single Electron Transistor, SET') CMOS

’ ) CNIOS : SEF y

CMOS : SET ,
2 ; CMOS 2 2
CMOS , ,

107 “F, :

* :2009- 07- 03

: 863 (2000AA01Z114) ; « 7 (IRTO614)

(19%2—), . )



26 2009 6
1
GB~ TB GHz ,
Gorter 1951
[1]
, Averin  Likharev 1986 .
1987 Fulton " ,
30nm, 1.7K
MIT  ScottThomas ' X 1988 , 70nm  1Hm
, 400mK ,
, 2003 , Saitoh '
SET, ,
, omo ¥ , CMOS
, CMOS
1995 , Chen " 2~ 3nm  AuPd ,
77K 1996
,Klein '™ 5.8nm CdSe , 77K
K. Matsumoto ' STM SET, ,
2000 DELFT Postma " ,
2008, {Nature Nanotechnology » Vishva Ray t 10nm
, CMOS
2
( ) ( ) Wi OV,
’ b Er Cll,
, ———
1 Ci Ra v y
) A
O | ® | O
G R g1 (ljl Ic Hi s
G Geo e
WLk CoR,
SET
wa OV
B 5 ) 1 SET

s Fig. 1 The chart of SEI'



27

e’J2C EsT( e ,C ks
T ) ) »
(1) ,
. i Ee= /20> kT
T SET )
(2 , ,
Rr, :Rr>h/¢ ~25.8kQ
n T=300K ,C :C<e’2ksT=3.1x10" °F ,
: 3.1x10 "F 3D "
7. 1nm R

3

SET , SET ,
3.1

( Evaporation- Induced Self Assembly, EISA) ,  SiO2 3nm

, (HAuCLy) ,
, (2
2 SET 3 SET ( 2 )
Fig.2 SEM image of prototype SET Fig.3 Enlarged image of SET' (certral part of Fg. 2)
2 3 16. 9nm,

21.0nm  17.5nm 3nm "
3.2 FV



28 2009
3nm, 3nm R , 2
4( a)
, Y SET : 4(b)
, 40mV 20mV , ( 40mV), FV
) SET , , SET
100
80 1
< 60
Y § 40 A
20 1
T w e %
v,/ mv

4 SET
Fig. 4

[ 1]  Gorter C J. A Possible Explanation of the Increase of the Electrical Resistance of Thin Metal Films at Low Temperature and Small Field Strengths| J] .

Physica, 1951, 17:777- 80.

[2] Avern D C, Likharev K K. Coulomb Blockade of Single-eledron Tumneling, and Coherent Oscillations in Small Tunnel Junctions[J]. J. Low

Temp. Phys, 1986, 62: 345- 373.

[3] FulonT A, Dolan G J. Observation of Single-eledron Charging Effects in Small Tunnel Junctions[ J]. Phys. Rev. Lett., 1987, 59: 109— 112.
[4] Scot-thomas J H F, Field S B, Kasner M A, et al. Conductance Oscillations Periodic in the Dersity of a One dimensional Electron Gas[ J]. Phys.

Rev. Lett., 1989, 62: 583- 586.

[5] Saitoh M, Hiramoto T. Observation of Current Staircase Due to Large Quantum Level Spacing in a Silicon Single-election Transigor wih Low

(a) V. (b)

Equivalent circuit (a) and 'V cuwe (b) of SET

Parasitic Series Resstance[J]. J. Appl. Phys., 2002, 91(10): 6725- 6728.

[6] OnoY, TakahashiY, Yamazki K, et al. Fabrication Method for IG-oriented Si Single electron Transigors[ J]. TEEE Transactions on Electron

Devices, 2000, 47(1): 147- 153.

[7] Chen W, Ahmed H, Nakamto K. Coulomb Blockade at 77K in Nanoscale Metallic Ishnds in a Lateral Nanostrudure[ J|. Appl. Phys. Lett.,

1995, 66: 3383- 3884.

[8] Klein D L, McEuen P L. An Approach to Eledrical Studies of Single Nanoaystals[ J]. Appl. Phys. Lett., 199, 63( 18): 2574— 2576.

[9] Matsumoto K, et al. Room Temperature Operation of a Smgle Election Transigor Made by the Scanning Tunneling Microswpe Nano Oxidation

Process for the TiO¥ Ti System[ J]. Appl. Phys. Lett., 19%, 68: 34- 36.

[10] PostnaH W C, Teepen T, Yao Z, et al. Catbon Nanotube Single electron Transigors at Room Temperature[ J]. Science, 2001, 293( 5527): 76~ 79.
[11]  Ray V, Subrananian R, Bhadrachalam P, et al. CMOS-compatible Fabrication of Roomtemperature Single electron Devices[ J]. Nature

Nanote chnology, 2008, 3: 603- 608.

[12] . [M]. , 2007.



