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Simulation of the Strip Type CNT Field Emitter Triode Structure
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Abstract

The field emission characteristics are studied by simulation for

carbon nanotube triode structures

with a strip—shaped emitter and a gate hole aligned with it. Two structures, one with double-edge and

the other with single edge arc analvzed. They

show

good cmission characteristics. Emissions  of

electrons are concentrated on the edges of emitter and the emitted current increases as the distance

hetween emitter and gate decreases. For single-edged emitter, the emitted electrons form a narow

strip-shaped beam which has a good directionality.

they can be easily fabricated and aligned for assembly.
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These triode structures have advantages in that

Triode structure, Field emitter, Carbon nanotube, Field emission display
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density distribution  just above

the emitter surface for V, = 82V repre

sented as a histogram.
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Fig. 4. Trajectories of electrons emitted  from
double edged emitter for 1, 82V.

Just the half of the structure is shown

because of the symmetry.
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Fig. 6. Structure of single-edged strip emitter.

(a) Front view (bh) Side view (¢) Dime

nsions used in simulation.

a9 72 g 7hgabE] e} Ao E9 A S 40
m Z1]al AlelE e yiulE 110 mE 5P°=| Al

Fillo] A&
/80 gm &
ol £ ;Tlu]ol
°F 96V =

B 2]

\f

FE (W
3 A AF
a7k 110 im '{J-—?—EL] 2 7ole
OEE: 7]'%)(]'EIE A]'Jq-d']-—‘ o]]n]

o]

due 47

=gk FHelch Al

25

L
B2BS

LA

AS-(7L¥ 59 wide strip (W) “12fE)8c} 10
4= = HEARE 2438 s
dule] e} Ao|E Ale]e]
e oulEle] A9l 25 mutl WA
o]7] wielct 1 7HAL 25 mE FI W,
o] (WD “rfxe) A

z 8%k Qlztgl
H4o] 3149 4% 713
W 40 mm
g 7
# T A% Aol o 70

A"L_:

VAEE o8l o Yolxd Huk oRe seE
L

aro] v A

Current (pA)

Zol FobdAl sbgdal vl Aol
/) whol e} o 7).
100 e e
90 . —E— Separation 25 ym ]
/ Gate 80 um
BO| 4
70h |
60+ / )
sof r ]
40 F / vl
sop 3 /,-' —w— Separation 40 ym ¥ |
20F . ‘/. Gate 110 um ‘/v 1
10F . v 4
™ . e ¥ . {
60 65 70 75 80 85 90 95 100
Gate Voltage (V)

3" 7. 8% shgAty] dolvlee HF-HALD
d, HRE ouEe wEEs %ﬂ%
& U Holu}h (W) : oulel-slo|E 7
/Aol E Hvd E = 40 ym/110 g, (WD)

1026

. 7. Current-Voltage

o uEj-Ale|E
/80 pm. (@)= vlnE 9| &te] AAg A
4 100mme]l €18 CNT ofvjels} 24
1530 ime] ¥ AlJe FHE 7= 4

2 729 AH- TG §

LH/AelE FHE = 25

£ 4o,

curve for a single-
edged strip emitter. Current is the total
current emitted from emitter. Emitter
width/gate hole width is 100 /150 um for
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is shown for comparison and it represents
triode with a
hole  with

the characteristic of a

circular emitter and gate

diameter 100 gm and 150 im, respectively.
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Fig. 8 Trajectories of electrons emitted from

single-edged emitter for V, = 82V.

F% HgAe AviEe 4% bgata o

o AAdE 54 2 ned FHe shau,
wesl Badste] Be Aol Erhk nydA B
o G% APAEE olgsi F& E oug
FE7L 65 VEA HY $edta & & e o
2u o] TR F4 S99 ®o) 30 m ¥E=E
F/) wWEe 23y Zuy 5 AR g 7
#3717k ol 2 EE

i
LR T

Jol =

=]

7FAbE] o vl Bl A AHele 3 S
2AM, FAESGS FF 4% vlaate] onjE R
U5V AR 52 9 70 Volut}, 28y o] pFxE
w4 S50t ONT =% Zo] #jdlow ylv)
ol 23 X" 5 Hrle waom i =E
T AvhE FHe] vk e} A dF spaag
e ol Betme xgEAo] %2 s4abzia] of v]E
By fFiitte FER obgw v g
S5V AR =& B3] FA EA7 HH @=
v, A Zel g A& wHe A fEs o) )

o wvta @ 4 gl

welvlelg 48 ovHE vwsnd vz

pad

1027

A7) A= A &85 =57], Vol. 16. No. 11, November 2003.

a7l FzelH FAYE SHL, SHHge] @
G deld 949 uEst S48 548 ueld
d2E s pxe] AAYE SHS oluEg A
oJE FH sHgateistel A Wz Wi,
A% ouEe A4, ouEe Aole Fyol F4
g oo wE WgdM 13 SAa F25
ook & AALES ANT + Ak F, vy
ot JlolEe] Fel x-y W X

oF ). ole] uls}
Fe 98 olulEe] Hlsie] % = 4] )
SAEe Eg zARowA Hxd E4A%E

Ak A Zdol i w Wae o]

FH3 wge Adsd FHouz gHo| foldm
oA AR A zzhe) sabebg vay B
FAEAE A8 F A 4dol vk =3 HY

of wige] AP ALAE we FEa)

a8 9. AuAlES % gl Wi
Fal s
Fig. 9. Trajectories of electrons emitted from

an emitter edge of under-gate structure.

U 2gH(F, olmlE 7L 12k 23
Mo E7}F olv]E H )l ofafio] $]x3he= o &1} of
B Alo] E(under-gate) 3= AdE np Qlrh4],
a9 9= gigAlelE FZel WEted Tricomp 4
ZESOI2 Algelol g AAANHE HolFn 9
. Wl H e Pz vdte] HaAHe] dor ¥
A 7leol A BEE Bl ozl Ao)=7)
dlmlel el obefoll §a}7] wo] Ao

Wahs @abolu] e ol fx Alol= gt o

dlme et

AfFe Ao $-ae] Fxol vate] U] o|H"7)
Aok 22 Ao Ev} ov)E 9]¢ gl $gle

dFr 2t LR AR A7, AA0e] wga, o
2

[=]
A1 4F 2HY o4 HwelN FHE u

T



J. of KIEEME(in Korean), Vol. 16. No. I'1. November 2003.

4. 2 G. Lee, and J. I You, "A Simple structure

rh

and fabrication of carbon—nanotube ficld

u] moko] o ulele) HleolE FHE 7FA| = CN . ; . . _
I Hel ARER A E:rs ¢ TR BN emission display”, SID 01 Digest, p. 718,
-

T 2#F 22 AALE AE
$of BAGYTY. EARNE RO 28 AL —
o ges gu [5] J. W. Gadzuk and E. W. Plummer, "Field

emi-ssion energy distributions (FEEID)”, Rev.
Mod. Phys. Vol. 45, p. 487, 1975,

[6] J.-M. Bonard, N. Weiss, H. Kind, T. Stockli.
L. Forro, K. Kern, and A. Chatelain, "Tuning
the field emission properties of patterned

(1) B4age %%7HM+1%% o 1] E} 7} 65
v AF Sgslelont, #EAs Ao A
Z] %]—0}6!_- _!:‘Tz\—l o 7.”@}_1; J-rﬂ ¢}

Zo| Fo % spgag dny 4F&:7F T _ ;
I % b SEE b ca-rhbon nanotube films”, Adv. Mater., Vol

13, p. 184, 2001.
[7] J.-M. Bonard, J.-T. Salvetat, T. Stockli, and
Chatelain, “Field emission from single-wall

@ o oluE Fai oues Aels el
55 ga pas w@d o sHdshe

#H 23} A Eo] fols}

carb-on nanotube [ilms”. Appl. Phys. Lett.,
ol. 73, No 7, p. 918, 1998.

G 2 7} At

(3) 2] Ao

[1] S. Tijima, "Helical microtubules of graphitic
carbon”, Nature, Vol. 351, p. 56, 1991.

[2] W. A. de Heer, A. Chatelain, and D. Ugarte,
"A Carbon nanotube field-emission electron
source”, Science, Vol. 270, p. 1179, 1995.

[3] J. M. Kim, N. S. Lee, D. . Chung, 5. H.
park, Y. W. Jin, J. H. Kang, Y. §. Choi, H
Y. Kim, M. J. Park, I. T. Han, J. W. Kim, J.
E. Jung, J. H. You, C. G. Lee, 5. H. Jo, K.
S. Choi, E. J. Chi, S. J. Lee, and H. G.
Park, “New emitter techniques for field
emision displays”, SIDO1 Digest, p. 304, 2001
; Several other papers in the same volume.

[4] Y. S. Choi, J. H. Kang, H. Y. Kim, Y. J.
Lee, J. W. Kim, J. E. Jung, J. M. Kim, Y.
W. Jin, N. S. Lee, 5. H. Jo, K. 8. Choi, C

1028



