Journal of the Korean Vacuum Society
Vol.14, Nod, 2005, pp.252~257

=
FEer1ed A 9 IS
(=2dTY : 20054 88 22Y)

Development of an electron source using carbon nanotube field emittes
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Abstract

A high-brightness electron beam source for a microfocus X-ray tube has been fabricated using a
carbon-nanotube (CNT) field emitter. The electron source consists of cathiode that includes a CNT field
emitter, a beam-extracting grid, and an anode that accelerates that electron beam. The microfocus X-ray tube
requires an electron beam with the diameter of less than 5 um and beam current of higher than 30 pA at the
position of the X-ray target. To satisfy the requirements, the geometries of the field emitter tips and the
electrodes of the gun was optimized by calculating the electron trajectories and beam spatial profile with
EGUN code. The CNT tips were fabricated with successive steps: a tungsten wire with the diameter of 200 p
m was chemically etched and was subsequently coated with CNTs by chemical vapor deposition. The
experiments of electron emission at the fabricated CNT tips were performed. The design characteristics and
basic experimental results of the electron source are reported.

Key Words : CNT, X-ray tube, high brightness, microfocus

+ E-mail : diracnate@Kkaist.ac.kr



=54 (carbon nanotube)7} %
A¥ o]F AANYoRAY FhsAdo] 199510
37 F2 FH2 dAav=REE o83 AW

AWE gaZyol, X-A ¥y, Vg 313§
=2 A AAHer s o
[1]. Bav=FRE o|&3 A
AE A e 71E ddAdont ¥
AAREE AA4RdRc dxnle xg 4y

p=
U S/ s B ol A dede
a71g €9 F e ool Ut [21. o &
Hqor 3 & 2t

AREE ol§% AU
X4 Frol 9 olgsx vk vl g vm
oF el e BAERE o]§8 oY X-
A FRE LSRG [34], B =2AlE2Y
PEAAE BarbeFug o8l X492 A
Welgle) [2.5]. 99, X-499) 2717 FoldsE

T2

Bodqge 84 darv=FHE o]g3 A4
HEAS olgste AFE vlolaEW X4 FH
£ g Fojth AAE vlolazW X-A FHY
NEEAE 2 AL Zbzk 29 1, £ 13 2
AAR X-A HHel FxE= 10" phs) mm™
mrad’s, SIS X-A9 fUAE 10 - 24 keV,
Bl A A shE X-Ae A& 5 um o]3}o]
ok ol g XS wAE] As) AW 7
AUEFHE o]83 AAYEYS AMSIYT X-
A AR E Boied YL o83 Egdon
A A4

£3 AAYe Afe Hx 25 pAclsith

Pl
x
X
ot
b ®
i
e,
~N [
o
_O‘L
s
i<

FEAFl =& XA G4E dE 4 A FH S de Axge A7t AAE X-He &
BH, #2 8 2 498 XA 99N A8 AL 5 ummc Aol Atk ol 93 WA
X4 27 & um ols}el sholARM (mico-  BSAE ARHAANA del olgHE oF A
focus) X FH7b 98 AUHIAT o2l FV=T AU AAUAL Sag=FR |
a2} 7129 vlolzy XA FEE o) @3 2 sb 83, WA 9E8 Jels, WA A
APLe AgsT glel X9 HEA WAl 100§ FFom a8 43VYL AYIYD: &
phs/ mm*mad’s olsfeln WetA o|F olgsel B FIWeE olFolW oFRYE P 1w
CNT on R Focusing Double Lens
Tungsten tip )
A Grid / \
2
v<|| ol Target/Window
HVPS I
®
Anode Aperture Vaccum
Pump
TTTITT
O3 1 e Fel X-M olo|z=dlalel vy MAHE
Journal of the Korean Vacuum Society, Vol.14, No.4, 2005 253



E 1 ME MAE X-M olo|azue T2 M AeREN HA wEE AANe AZs

xugle] ap  [FEUSEFDE CI8¥ 338y S daumREet 4F Al 2= d3E

(Transmission type xtay twhe) | yz)sled @arfefrs Qo 28 87140l ¢

X4 A 10 - 24 keV ASEE Stk ALATe dJstd 432 F

x4 e 1011 phsfo mrad” < s e Wieln glerw ¢S $E He

axra A 0- 100 ke ARyl Foske A7 ¥y AAA 2ok X-

Targetof Ao Ay M5 > 25 ph A eAelA st AR A7 (5 um) °ﬂ
Grid 4% 0-2 K Ug 27208 WEAN7) dated Semol=

Y BHA 7= Double lens ype I8 T AY wAY B4U2E BT O

Terget A2 ke AARRE o WA o) wske 29 29 2

Torget 77 3 271 dum L Lo o 2@e) iRl FEE FHE FlE A

Cone angle o0= Al 277k FokekA) @, AR W)

Electron emitter multi CNTs on W wire (0.2 mm) 77} 2olE3 QLSS & & g PwUAze

3o AA, e A 2 58 CZSE

3, o]=#e] A AAWY AqUAZE TAHE g wmek, agle A2 mok @ ggls Qvhd

JA&ARE D ¥ opel X-4 8BS "= g X4 2o g8 99X $ A8 71 W

Ao A7AS A v H S G o) A9HET. 3 3o uid 1= A3

-z

g B AFeME AS3HE AAANEE AHE 993 2 aels AYe] Wl nE d&He WA
FHY AR HSA=9) aper- W AFYS AN A= E 13 2ok EGUN

Atk F5E e

tured] 93] X-H BN el Z7)7F 5 umo]l  codeo] 9F AXARRRE g=o) Qrtehe A

stz 2AH oA, o] WMSE 4 kV A2Ye & 4 Ak

2. BALI-RE § o XY A 4A =g

g2UsRES o83 Hapidel Fo AY

& g Jid ZAAE A8 ghveREoA 2 QD } [ I H I )/\ J\ ]

she e 54 wa 9 xd BpPAA e AR *
9 ] B8

W 2} SO EGUN code® AAEAT: il 10 250 360 455 ?2& 84

=RHAA AFEE AAM WAL ANE 4 IY 3 IFTIUXE 0|83 MAUBEH A

F= a9 29 2ok aY 194 2 5 YR @ o R A

| ¥
g0
60
30
£ l‘
CNT &= e ‘ :
0 30 60 80 120 150 190 220

a8 2 Bkt RE EolM EEs WAL YA

254 A58 3] A48 A4z, 20053



=13

o =l

[

=1}
[==]

N

rio

X-Hg HX} i

rie

E 2 J2|S9f Kol GE MRS (315, D2V 1 KV TS Mool W AENF W (25,
J2[=2/X 3 mm)
28 94 (mm) WA F = AL kV) W& AR
1 740 05 6.7
2 76 1 17
3 17 15 32
4 53 2 48
5 18 25 67
3. BALERE B A WA whgo] 52 A7gY ANE Fol
55 5% AAsT olgA BAE F5A4
F 1olA BoRo] dAE XA AxE & BAshe AAYY AR ¢ W ¥ 204 B
ZI9eiME XA BE Wl A AE7E 25 AAs A 2o HARE UEAE F AEE
LA o)golofel gttt wEhA EAu=RE Holx  Fsiitt AlZE giueRE gl FAAAH
< olEtt 4 ¢ & HAW ARvE SAsd  wld SEM) ARRE 19 49 2a | Az B

of e, 999 BipeRHAE o Hm9)
AFE ASAZL F gk durzog FHoy A

£ 59 HH 7Fe gay=REE 4F Ee
A7E Fe WA oy A9 gijeEn

7} oEAse ¢3¢ BE & Atk XA B

o r

=2

wele 2Ade] H740] 5 um )8z vl Aol
87) Wgel, AAWE TASE WA s %
olof @) ol W WAL WA BE4E
Wl rEzst A4 We 43 Foltd WA
7hBAE7] dEelth £ ATeldE H7el 200
umel B2 sholo] Eol Biv=FRE 2}
= 34e Adsig o] W dEsE WA
AFE 2ol As G2A solojs] £ P

Det WD ———
SE 57

AccV  Spot Magn
10.0kY 2.0 400x

50 pm

Journal of the Korean Vacuum Society, Vol.14, No.4, 2005

Elo| SEM AHAL, (b)

& ket 2tk
WA 47 200ume] B8l selol 19 59}
2ol AARAA WHE olgate] AT
[6,711 el X Box]Ze] KOH &fol] #lgH=
3 Had 99 A% H, gad do] o)
IA A% Hge A3 ka1 A% 19
5o melx Eehurgol ola) Wil Helx )
¥hgo] dojuira Bl Ho] AN3| B4 e
o) W W9 93 KOH i3] muizeld] o
s BEl gol £ $io] Ig4@s) o] wEa
A BT (671 olFo] gad Had Pe B
ZFRFR ARHL o1F FAABERY (VD)L
2 uE sauxRus SR 89 19

I
E

255



<0

bl
& ol A

2
IR
UsfE

o}
H

+ 300um
A%E ez

A
o] Ag

o)z
22
FolHeh

(]

o
L

Mo 0|
®e o ®

]

()9 21

Fowler-

%o] o

HollA 2R

2. 1

& 300
e

ol A

Fhgk
L=
o & ghojth

2279
W x4 R

ulo]H 2

A
=
-

i

24

25 phETE

.
i

ol

=z

+60H ",

)

g
+80OH— WO,

3

O+6e

:6H2
: WAs)

(=)
()

Hl

oK

e

04
o}

“+4H,,+6e

W(s)-+20H +8OH—~>WO; +3H,(g)

T3 = olola2Y

RO

A

A, Az

A
=
BAauerEd g g9 7£2= EGUN code

A Ae

]_

%

al

6“}

%

il

H

E
T

A

ol

X-

4b)oll X BoAZo] do|7t & umd] ghvxf

ofp

ol

,_NO

oll

_x__=_

ol
0
Kl
<

oA Q7= 25 uARTH 88 o 2 9F 300 uA

HD

&

3
jiN

A

o}

=

=)

=

fils)

A

pay

el

i

N

o9

3

a3 63} o] 74

K

A+
ol
B
N
)

——

9]

A 5umg) ule]mE AAHL o&

oji

o

ootk

3}
=

R

10°~10° torro] %,

22352 A)14P A4z, 20059

256



350

3001
< 250 ja
200 ‘

150 ]

100 "

Curent Density(mA/cm?
(6]
o
(]

o
1 =
»
.

—— T T T T ™

T T T T
18 20 22 24 26 98
Voltage(10%V)
(@

J2 7. B FE EeAMe HArY

lESY.

2Alel 2
B A7 Ber)eRdd APsks 44Y o
FAL FAAGAQ AL o3 ol Fojal
AFRU.
gnsd

[1]1 N. de Jonge and J. M. Bonard, Phil. Trans.
R. Soc. Lond. A 362, 2239 (2004)

[2] Y. Cheng, J. Zhang, Y. Z. lee, B. Gao, S.
Dike, W. Lin, J. P. Lu, and O. Zhou, Rev.
sci. Instru. .75, 3264 (2004).

[3] S. Senda, Y. Saki, Y. Mizuta, S. Kita, and
F. Okuyama, Appl. Phys. Lett. 85, 5679
(2004).

[4] A. Haga, S. Senda, Y. Sakai, Y. Mizuta, S.
Kita, and F. Okuyama. Appl. Phys. Lett 84,
2208 (2004).

Journal of the Korean Vacuum Society, Vol.14, No.4, 2005

A, (b) ZAHE elEgy

[5] J. Zhang and G. Yang, Y. Cheng. B. Gao,
and Q. Qiu, Y. Z. Lee, J. P. Ly, and O.
Zhou, App. Phys. Lett. 86, 184104 (2005).

(6] J. P lbe, P. P. Bey, Jr, S. L. Brandow, and
R. A. Brizzolara, N. A, J. Vac. Sci.
Technol. A 8, (1990).

[7]1 Inger Ekvall and Erik Waklstrom, Meas.
Sci. Technol. 10, 11 (1999).

[8] Young Chul Choi, Dae Woon Kim, Tae Jae
Lee, Cheol Jin Lee, and Young Hee Lee,
Synthetic Metals 117, 81 (2001).

[9] Cheol Jin Lee, Dac Woon Kim, Tac Jae
Lee, and Young Hee Lee, Chem. Phy. Lett,
312, 461 (1999).

[10] J. M. Bonard, K. A. Dean, F. C. Coll, and
C. Klinke, Phys. Rev. Lett. 89, 197602
(2002).

[11] R. H. Fowler and L. Nordeim, Proc. R.
Soc. London, Ser. A 119, 173 (1928).

257



