3045 1
2009 42 H

®x oot

CHINESE JOURNAL OF LUMINESCENCE

Vol. 30 No. 1
Feb. , 2009

X E4S : 1000-7032(2009)01-0119-04

PR S5 R K B R 55

1 N 2 2 K 2% . 3
AN, Z)75, FRaT, £AF7, HitF
(LA SRR, JLa0 102249; 2. PEILKY: T8 SR THARBIIIN, BPi 152 710069
3. I RRE BT IO R R URTE AT B 50 P R A S0 s, BRPT 7Y% 710119)

FEE : DFT T BRKE (ONT) 3% 5 i /R 2% (FED) = s W 4544 B MR 4544 , 18- 31 1 3 — 2 R AR 3 30
PRIt FeL S RN /N sl 2 98 ol i S BT ) 5 0% [l I S A SR ) 37 % B 22 e R 3 1 i e 0 SRR —
LKA 7y S5 VR ) PR S RV 98T P P b T T = ARG B8P A AR 45 4% e 3o e 8] B AR P s AN ST 4%
1 S 75 5 T, S o R AN 3 b v B DR P A T o 3 2 v AR PR 3 2 4 R ISP A B AR 2 1) 1 B g A R S Al
W25 sl AR e 0 PR P, TP 3 AT 80P A AR B0 S5 0 3 2 ) Pl PR PRV R o 3 36— A9 d

A BIEd SREE B

X OO WAVKE S A R PR A

hESZE S TNI05. 1 PACC: 7970; 7360T

1 7]

CNT Yk 4t /s 5 DAL E = 4% B/ K
BUN e m SR Z AT 12 Xk, CNT-
FED 2548 = iR 25 A F0 i 254, Bk — W
WA R A T2 a7 B, H AR 5 22 /& FE A R v Hl
TR SR 35 T 9Ok S I AL B, i HL
% HEL 327 224 8 il FL R T K B R i SR AR
PRI, PR A AR R e B AR i) L 22 ] g AN T
PRSP E . H AT R B AR Z PR LR =
T ANOE O Rk 2 (SN = NRAOR )| o 9 =R
P T AR A R T ) PR RARR, 2 A TR R
YN AP TR B - hE I, ] LA A R
FLBIE R E — 2, T AS s Tl % FH %) 3K 2l R B, K
KRR T F R0 P s P AR AR A o AR
AR Ak 1 7 B = F 5 A T R A AR L T A
B IEMR S = Rh s A T AE X TS P R
FA SRR 235 4 i 7 5, BARAI , ARG A K T R
HEFIASR Tolfb Az ™= EAE AR BRI,
BTk A R R 2, E 22— R
FUSASBEAS BIA BNl e, Il it — 20 Ak &
ST I R R 0 25 R T F s )3 B e — 1

o

I FR B 2008-09-25; 1&1iT HHA: 2008-11-28
BEEWA: P HE T LW H (07JK418)

SCERFRIRED: A

TR IR . SO BA TP IR 2E 4T 1 5T, X
] FEL s 5 S R R AR R T IR SR AT TR R
MR SR PE— 2 FEAR 7 K T IR P s Rl 25904
VBRI T o RSO 3 A R A BN
W ) — A~ SR FROCHE TS . 10T TS KT AR
Yy RS AR SR A R T v

2 % I

AL RS 1) Z BERR 4 K 45 (MWCNT) 5
FHLEF A DL U F T R ) i 1 4 A
TR OB TR IREGHFE3 ~5 h J51EA
BRARRE, FH 22 19 R i 7 37" e B B 4o e
) SR, 1 B I AU T 2008 BB PR , 5%
Ja e Ar JUR T B b ik T e . &
FH 5 W2 B A SR 1T, A& 1 (a) /R B2 T CNT
AR B 2L, N EB CNT 52 2R I 1 &1l
CNT F#43 Eo7, v FHAE 3 & Bk os . [
W] B YA RS R R B E an 1 (b) s, Hh i &
H, HA AW E TR M i, T 2
[ A 1) 28 B H 468 2% (B R B 22 1] 9 H
BHAE SO MQ LI E') o WA 1 (c) AT IE 5 Hih
GAEAEVF 2 5 — MR GOK S , RZFE 1 pm

EEWE T POFAN(1956 - ), 2, PN, Bl TR EGORBR ] -5 BT BT o

E-mail ; zsx_zh@ 126. com, Tel: (010)89731281

# o JHIHIBE R A3 E-mail; 1zy@ nwu. edu. cn, Tel: (029)88302661



120 o3 b

¥ 530 &

Fedy, BANIESE T T RE (0 o nl 1 DA R
=R R BT B B EE B N 2 mm, HAS
FEAERFAE 8 x 10 ™ Pa 7247, 35 K S PERE TR o B
W 2 s

Bl 1 Btk CNT (%) SEM B fr(a) CNT FH#RTHE; (b) Hl
BRITZIRIERE : (¢) VARSI AL CNT
Fig.1 SEM image of CNT: (a)the surface of CNT cathode;
(b) A trench ploughed by knife; (¢) CNT on the
edge of trench.
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Fig.2 Field emission measurement circuit of CNT with flat

grid structure
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Fig.3 CNT field emission characteristics of a diode-type
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Fig.4 TField emission pictures, (a) diode structure;(b) triode

structure.
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Fig.5 The effect of anode voltage on V,-I,
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Fig. 6  The effect of space between anode and cathode
on V-1,
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Fig.7 Before and after aged versus the relation of V,-I,

S TR i 5 2 T B 1 3% DR e
B A P B Sl Bk R CNT
FURR R = AR, SRR ST ] AR A e . {HL
SR SR U R A L 9 B A T X 4 e o 0 20T
o L ARSI L 25 R, 3 ER e Y BAS  R] I X
fili CNT 37 4 S5 3 7 i ) AR 30K 3l HRL e ik — g #Ah3te
O, MR A DRy = W AR 45 ) ) — o, S5 R 7] L
RS20 LB 0 AT B R s AN S0 RT i 7 5 E
A RS AR 41 A i g% A DR 1 P 3 24 T s PR R
s 254 246 o B AW A BE AR 22 T £ 3 g LA % B AR
2R AR JE ATl N B AR 3 A L s [ P i BB R
WA SO ST Sh 25 F v . AT 322
X5 A G R A U — A TS BT A SR
BEATHRE R TR MR B 0, AT PR BUGEOEITHR
s EIEZIM J5 i AE CNT SRS _E T2 B A A
XX — AR FIC R IETE , S R AR ] 2 4 4 S
BAAR R B P B AL T A 3800 5 i, kb 2 3 S — 4
(14 3 7 e B ol S (A6 456 B

[ 1 ] Zhu Changchun, Liu Xinghui. Advances of carbon nanotubes field emission display [J]. Chin. J. Lumin. (£ 54R),



122 LD T 530 &

2005, 26(5) :557-563 (in Chinese).

[ 2 ] Chung Deuk-Seok, Park S H, Lee H W, et al. Carbon nanotube electron emitters with a gated structure using backside
exposure processes [ J]. Appl. Phys. Lett. , 2002, 80(21) :4045-4047.

[3]Lee NS, Chung DS, Han I T, et al. Application of carbon nanotubes to field emission displays [ J]. Diamond and Rela-
ted Materials, 2001, 10(2) :265-270.

[ 4] Lee NS, Kang ] H, Choi W B, et al. Field emission display with under-gate triode structure [ C]. Proc. International
Vacuum Microelectronics Conference, 2000,193-195.

[ 5] Choi YS, Kang J H, Parket Y J, et al. An under-gate triode structure field emission display with carbon nanotube emitters
[J]. Diamond and Related Materials, 2001, 10(9-10) :1705-1708.

[ 6] Jung JE, Jin Y W, Choi J H, et al. Fabrication of triode-type field emission displays with high-density carbon-nanotube
emitter arrays, [J]. Phys. B, 2002, 323(14) .71-77.

[ 7] Sung K K, Jong H C, Jae H P, et al. Relationship between field emission property and composition of carbon nanotube
paste for large area cold cathode [J]. J. Vac. Sci. Technol. B, 2004, 22(3) :1345-1348.

[ 8 ] Choi J H, Zoulkarneev A R, Jin Y W, et al. Carbon nanotube field emitter arrays having an electron beam focusing struc-
ture [ J]. Appl. Phys. Lett. , 2004, 84(6) :1022-1024.

[ 9 ] Tian Jinshou, Li Ji, Xu Beilei, et al. Structural analysis on a field emission display panel based on carbon nanotubes [ J].
Chin. J. Lumin. (Z %% 3R), 2003, 32(11) :1343-1348 (in Chinese).

[10] Feng Tao, Li Qiong, Liu Xianghuai, et al. Spreading technique and performance of field emission cathode made of powder
carbon nanotubes [J]. Chin. J. Lumin. (& %%4Rk), 2005, 23(4) :406408 (in Chinese).

Experiment Research on Carbon Nanotube Field
Emission Performance with Flat Grid Structure

ZHONG Shou-xian' , LI Guang-shan®, LI Zhen-hong’, REN Zhao-yu’, TIAN Jin-shou’
(1. China University of Petroleum, Beijing 102249 , China;
2. Institute of Photonics and Photon-technology, Northwest University, Xi'an 710069, China;
3. State Key Laboratory of Transient Optics and Photonics of Xi’an Institute of Optics And Precision Mechanics of CAS, Xi’an 710119, China)

Abstract; The field emission display have been recognized as the one of the most promising electron field
emitters since the first field emission experiment reported in 1995. CNTs as emitters in the field emission
display devices have been demonstrated during the last decade years. Now, the field emission display methods
of carbon nanotube include triode structure and diode structure. The diode structure display consists of the
anode and the cathode. It needs high drive voltage and wide modulating voltage scope which cost a lot. So, a
triode structure was designed by studying the flat grid structure. In addition to the anode and the cathode, the
triode structure display contains grid electrode which offers a guarantee to the safe field emission operation.
Furthermore, the turned on voltage of the field emission is depressed and the scope of modulating voltage is
minished compared to the diode structure. Experiment indicated that the vision brightness can be controlled
and grid modulating circuit can be protected by adjusting anode voltage, the grid voltage and modulating
voltage scope of field emission can be minished further after the grid is aged and it can also be minished by
increasing anode voltage and shortening the distance between cathode and anode. The results will provide

helpful information for further research of field emission display.
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