58 5 2009 5 Vol.58 No.5 May 2009

1000-3290/2009/58 05 /3383-07 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
*
12 1 12 3
1 130033
2 100049
3 130033
2008 8 21 2008 9 16
B =
%3.5+L/ro+W L 1 w R d
d Bo =35+ Ll

B=Pf+1.202 Lid*.

PACC 7210 7220H 7970

1.
16
1
2—4
F-N o
1
hip
>0 Miller ’ 1
B = > 3.54LIrg+ W
Forbes 8 . CNT AuPd L r W
Si R d
9—11
d
16
—15 —15
* 50072029 50572101

T .E-mail wangwht @ 126. com



3384

58
C
R -0
D
L To
B
/ a/ C / D
\x.,___“>-;? = / +
+4 / [ +d / -5 R
A R 2
2
L<d 1
-0
6—8
/*{5 =" /
d ™
ot
! I 3 3 +4 C
/ |l | l / 1 A
B a
L d L<d L<
1 d v,
Eo = Vg/d .
FHC +5 VE
-
[ FO%EJT
d |
L
]
: ! vo iz5 l .
+0 C =
-0 R D =
3
A=C+D
B C . d>1L
D d
-0Q



5 3385

-Q . 4
Miller ’
2
o Ll it )
- - r 0 1 2 3 4 0
®rd = dregr + E,L
+ Eorcos@—&se2 1
4e,r
P - e 0 (L)1 @ (L)1
r . dregd\d ] 2 dme,d\d ] 3
d L(L)ZL
dre,d\d ] 4
‘ ol i) raeald) ()
4 dregd\d ] tame,d\d) \ 2
: 1234 +L(L)2(i)3+ _x @ (L)2
4rey,d\ d 3 4rey,d\ d
0 1.1 1.1
dre,\ T T T T TeT T3 Ty K=1+ 12°+ 13°%+ 1/4°+ =~1.202
T—Q D rl == 417c€_ :/ZL + EyL + Eyrcosd
1 0
....... i _ pcosl . KQ (£)2 7
I rILJrQ 4TC€or2 dnegd\ d | -
f +4 a2 A
¥+ + F dengt T L+ = 1 vV,
7 i b 45 B A
=
] ) ) e o < c D
-0@3
A C D
. 0 = ¢V, /d €
-0 R
4 D a p
r .
To r< L d r 5 X
Ty I3 T4 ri2d Lid dx
p/
ri zi[] +icos@] 2 dv - -0 2xx- dx _ - Vox- dx
11 | ; (L) dre, vV x° + 2dVx* + d
.
=zl (£) = 307) +ageot] 8 P
3
B V.x dx
1A, V:Jde_j VLA
= Zd[l - 2d0036] 4 0 2d VA + o
1 1 L (L)2 Q(Lr r T v,
r4z2d[1_d+ 7) *2ly —chosﬁ]. =- «/R+a—a2d 9

5 a =d-L - rcosf.



58

3386
2
AT
VR d-L°
To
ElrsfEn
- T~ X 4.
F-N
///// E E,
/ v E E, V
12
g BO :35+£ 13
Ty
) 3d-1 1 1.202( L\?
3 P W = + |57 + 7)
r . VR + d-1° [2L d \d ]
R*+ d - L - rcosf * x drL-VE s d-L°
VR d-1°
r L4 R+ d-L° 5 14
0
Ve VR Y d-17-d+ 1
d - L E E
e S L Bz sV P
E, A c B
Bo
7 10
w
®r0 == 417t€_ rr/ZL + EyL + Eyrcos0
0
cos  1.2020( L\?
_fﬁsorz + 47(5on(3) +V. 1 p = | E1E,|
1 L )
) 3_23.5+r0+W. 16
dnegEorg d + L -V R+ d-1L° 5.
Q_
B 1 - ry/2L - 1.202r, L/ d’
16
, | d - L
p = 2megro Ey +m Lir,
P _ Vo 3.5+ Li/r,
R
0=0 d W
E:E,-: _@
or |, d>1L R
__&{3+ 3d-1L d R,
2 VR + d-L?



5 3387

Bo =3.5+ Lir, Forbes ’
B=3+Llr
16
12—15
0.5
d R
Red L B 6
=35+ Lirg+1.202 L/d "’ 6 a
b c b
d
A c b
3 a ¢ d b
6a c¢c d
b b
10 16
kS zj___——ﬂ/ (] f/{:*——— /_J./" i}
= | =
6
1 1
1 R/pm d/pm L/pm ro/pm B
159 10 6 0.02 302.2 243.0 156.3
5 910 11 6 0.02 258.0 243.0 228.5
5 10 468 0.02 157.8 243.0 318.3
5 10 6 0.01 0.02 0.03 482.9 243.0 163.0




3388

58

35+ Lirg+ W /2

Milne W1 Teo KB K Chhowalla M Amaratunga G A J Pribat
D Legagneux P Pirio G Binh VT Semet V 2002 Curr. Appl.
Phys . 2 509
Chen Q Dai L2001 J. Nanosci. Nanotech. 143
Xu X P Brandes G R 1999 Appl. Phys. Lett. 74 2549
lee YH Jang YT Kim DH Ahn J H Ju B K 2001 Adv.
Mater . 13 479
Wang X Q WangM LiZH YangB WangFF HePM XuY
B 2005 Acta Phys. Sin. 54 1347 in Chinese

2005 54
1347
Wang X Q Xu Y B Ge HL Wang M 2006 Diam. Relat.
Mater . 15 1565
Miller H C 1967 J. Appl. Phys. 38 1450
Forbes R G Edgcombe C J Valdre U 2003 Ultramicroscopy 95 57

10

11

12
13

Driskill-Smith A’ A G Hasko D G Ahmed H 1999 Appl. Phys.
Lett . 75 2845
She J C SZ Deng XuNS Yao RH Chen J2006 Appl. Phys.
Lett. 88 013112
Wong Y M Kang W P Davidson J . Choi B K Hofmeister W
Huang J H 2005 Diam. Relat. Mater. 14 2069
Nicolaescu D et al. 2005 Jpn J. Appl. Phys. 44 3854
Driskill-Smith A A G Hasko D G Ahmed H 2000 J. Vac. Sci.
Technol . B 18 3481
Shi N Pi D F 2001 Proc. SPIE 4600 196
Nicolaescu D Filip V' Kanemaru S Itoh J 2003 J. Vac. Sci.
Technol . B 21 366
Lei D Zeng LY Xia Y X Chen S Liang J Q Wang W B 2007 Acta
Phys . Sin. 56 6616 in Chinese

2007 56 6616



5 3389

Calculation of field enhancement factor of gated nanowire

Lei Da' 2 Wang Wei-Biao' ©  Zeng Le-Yong' > Liang Jing-Qiu®
1 Laboratory of Excited-state Processes  Changchun Institute of Optics ~ Fine Mechanics and Physics  Chinese Academy of Sciences ~ Changchun 130033 China
2 Graduate School of Chinese Academy of Sciences  Beijing 100049  China
3 State Key Laboratory of Applied Optics  Changchun Institute of Optics ~ Fine Mechanics and Physics
Chinese Academy of Sciences  Changchun 130033 China
Received 21 August 2008  revised manuscript received 16 September 2008

Abstract

To estimate the field enhancement factor of the gated nanowire the image charge model of floating sphere between parallel
gate and cathode plates is proposed. The field enhancement factor of the gated nanowire is expressed by 8 = % 3.5+ Liry +

W where L and ry are the length and tip radius of nanowire respectively and W is a function of the gate-hole radius R

gate-cathode distance d and the geometrical parameters of the nanowire. The calculation results show that the influence of the
aspect ratio of the nanowire on the enhancement factor is remarkable i.e. the enhancement factor increases rapidly with the
increase of the length and top curvature of the nanowire. Furthermore the enhancement factor decreases with the increase of the
gate-cathode distance and is equal to 8y = 3.5 + L/ ry when the gate-cathode distance tends to infinite. The smaller the gate-hole
radius the larger the enhancement factor and the enhancement factor will be equal to 8 = S, + 1.202 L/d * when the gate-

hole radius tends to zero.
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