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Calculation o fidd-emission for miniature X-ray
sour ce with finite dement method

XIEBin, CHEN Bo, HAN Bang-cheng, NI Qi-liang, GONG Yan

(State Key Lab o Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy o Sciences, Changchun 130033, China)

Abgract : An dfective 3-D finite eement nodd was congructed for the fidd emisdon array to andyse the fidd e
misson current over a dnge tip. Gongdering the periodicity of fidd emisson array and the axid symmetry of the
snde tip nodd , only 1/ 4 of the dnge tip modd was andlyzed. The eectric field intengty digribution over the tip
surface was edablished through calculation with gppropriate voltage boundary condition gpplied , and it was found
that the eectric field intendty was the gronges a the gpex of the tip , and the field emisson current was a9 the
gronged there. The field emisdon current dendty digtribution over the tip surface was egablished usng Fomer-
Nordheim function , and the emisson current over the Snge tip edablished by integrating the current dendty al over
the dngetip sufacewas 7l A. Held emisson currents were caculated for different goex radii at the gate woltage of
100V , and the resultsindicated thet the field emisson largely dependson the gpex radius. Total field emisson cur-
rents were calculated for 100 tipswith an gpex radius of 8 nm at different gate wltages, and the results indicated
that both emisson currents and opening voltages were in very good agreement with actual measurements.

Key words: fidd emisson cathod ; finite dement ; Fowler-Nordheim function; spindt cathod

:2003-12-04, :2004-01-26.



222 12
. - :(2)
1 : ;
3 ;(4)
X , 0K
-6 2
X X g o LBAXI0EE
L 1 (p
v 3
. 6831098 5 79 x 10‘“5” . (D
, ( N Alcnt ;€ V/cm; @
) , ev;8 (x) :
y L E
, , 1000 K ,
X (21, X
[3] ’ , 2.2
, Soindt C. A. Qindt 1964
, o , 1
r
b ! 2
, V/ nm , t
Legplace \ k \
(Vo =0, :
[4] !
! Fg.1 Hed emisson denpndration
Fomer-Nordheim
2 2
Hg.2 Formd tip goex
2.1
Fomer-Nordheim Fomer  Nordheim Foinctt 3
, ® () ( ),



2 ;o X 223

, : (9)4.52 ev,
0.25Uum, 1.1y m, 0.
1ym, 8 nm Sindt
4

FHg.3 Hctured cathod

6
Fg.6 Hectric flux dgribution near the goex o atip

8 000 V/u m( ,
Mm) ,
95 %
2.4
4
Fig.4 Modd o cathod Foter-Nordheim |
2.3 '
Spindt 1075 Pa | = ﬂi(E) - ds 2
y , S
1 1
; (2
, I = zJ@)-ASn. )
, 100 V ,
As, n < n

ov ,

7UA,



224 12

3 , 8nm 100
, 8
, (Slid Sate Hec-
5 20 tronics Laboraory ) 7,
nm , , 8
. , 60V,
o
8
4t .
1
2
: 6
g,
=t 5
2 g 4
4 3
5 3 16 15 20 2
r/nm
1
7 0

Fg.7 Hed emisdon current vs goex radus 0 10 20 30 40 50 60 70 80 90 100

PN
, 8 ( 8 nm,
) 100 )
, Fig.8 Current vs gate woltage(apex radus 8 nm,100tips)
nm, nm y
1 , y 4
L L L X
, 10 nm

[1] BAINS S. Miniature X-ray ource has potertia for medical gpplications[J]. OE Reports, 1999 ,190.

[2] YUE GZ,QIU Q,GAOB. Generation of continuous and pulsed diagnogtic imagng X-ray radiaion usng a carbon- nanotube based
field-emisdon cathode[J]. Appl Phys Lett, 2002 ,181(2) :355-357.

[3] , . Henke X [J]. , 1984 ,3:37-46.
HEQ F, GONG Z ZH. Ressarch and tes of Henke type X-ray source[J]. Optics Mechanics, 1984 ,3:37-46. (in Chines)

[4] JUNGJ,LEEB LEEJD. Hfective three-dmensond dmulation of fied emitter array and itsoptimal desgn methodology usng an
evolution drategy[J]. Journal of Vacuum Science & Technology B , 1998 ,16(2) :920-922.

[5] , , . [M]. : . 1995.
LIUY ZH, WANG ZH CH,DONG Y Q. Hectron emission and optodectronic cathode [M]. Beijing: Inditute of Techrology
Press,1995. (in Chinese)

[6] SPINDT CA BRODIE |, HUMPHREYL , & al. Phydcd propertiesd thinfilmfied emisdon cathodes[J]. J Appl Phys, 1976,



225

47 :5248-5263.
[7] RAKHSHANDEHROO M R,PANG SW. High current densty 3 fidd emisson devices with plasma pasdvation and HC ooating

[3]. I|EEE Trans Hectron Devices, 1999 ,46(4) :792-797.

(1977) ,
, X , Email : thouand @om. com
— ( ; )
1980 , 1992 |, 1996 2000
L ” , 2000 113 ” 2000
) “
(A) 1999 (cA) (PX
2000 ; 2002 2001
¢ ? , “ " 2002 2001-2002
2004 25 1 ,
A4 ,100 2004 :20.00 120
16 :ON 22- 1116/ O4
: ISSN 1000 - 7032
: 130033 1 12- 312
: (0431) 6176862 : 4863BM
E mail : fgxb @ciomp. ac. cn http :/ / www. ciom. ac. cn



