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Abstract  Photosensitive carbon nanotube (CNT) pastes are explored to develop a CNT field emitter for field
emission display (FED) application. We formulated a photosensitive paste including multi-walled CNTs
(MWNTs) for screen printing. The photosensitive CNT paste was synthesized by mixing of MWNTs, inorganic
fillers {nano metal), organic vehicle, monomers and photo initiator. The CNT paste filirs were patterned by
using backside exposure technique. The CNTs were strongly fixed on a cathode by formation of carbon residue
during firing process. For the CNT emitters, current-voltage (I-V) characteristics and images of field emission
were evaluated. The emission properties of CNT emitters are dependent on the paste composition. A turn-on
electric field for the CNT field emitters is measured t be 1 V/gm. Additionally, the effect of heat treatment
parameter on field emission properties was discussed. The newly formulated photosensitive CNT paste can be
potentially applicable to highly reliable CNT field emitters.
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Fig. 1. CNT paste with various compositional ratios.

oo} AJHe] AZX T M71Z(furnace)E ©]E3]
300°C BAZ1ES17190A 12} 248 SRtk ollvlE A&
Ql CNTE ZmHo = 93] EZ&(protrusion) 217171 #3ll
Z1AHQ WRIE o)gsle] EriAee it} A
T aRIEE ©Aasl7)7] 18] AER9)7] (~107 Torr)
oA 22} 24 sFITH

AAE 549 S48 xF AW WA 299 &
= (diode-type)Z G338 T) A AE(cathode)) of=X=
(anode)®] AT 74 {AE fl8 300 ume] HHAEA]
2w o] X (spacer)E AHE3IATEH X Al AW ZF
T ek 5x107° Torr ALt HAYA(voltage
source)?} AFAIE CNT AT} ol o]FojZ 4
2ol AER AFsie] I2E TSI, HStelA
o] =7HA]1 ofl(arc) WAL R QI8 Az} E A S
o] HEE 98] 200kQe] AFS 3R] HEE A
A3kt AANE S0 B Al iste] FAR
AP A(FE-SEM, field emission-scanning electron
microscopeyS AFE-d14 CNT dlu|Ele] P4z EE 5
& FEAs o IFHEA(TGA, thermo-gravimetric
analyzer)g ©]8-3to] BRI A& 59 2% oE
F HSE B8

3. #3 ¥ o

3.1 CNT HIO|AES| X|Zslel MALE S|4
Fig. 2& H°|2E 15E 79 HAAAFET
4 2 Fowler-Nordheim(F-N) plot& XHoJZ3 it}
#HAsld 2L 7T FAolAE 49] A5 Fig 2(a)°l
A BEol, 1 Viume] A (electric field)ollA W& HAF
Db thegk 0.8 mA/m*E VFERGTE Fig. 2(b)e] F-N
plotol|A] Ho]~E 49] 7]g7]= A Ae2 et
vz, oA dAE o AdAe ongtt. ®
3 A3 dANA Ho|1RE 49 WEHRI A A



552 o - Aol - &
2.0
I —a— Paste 1
8¢ (a) 1 o Paste 2
é; 1.6 | Paste 3
L 14l v— Paste 4
E f I ”
5 1.2f
+ L
Z 10f
g I
= 08} ]
*é L
O 0.6
bl -
=]
o 0-4 :'
0.2}
0.0 ! !

00 05 1.0 1.5 2 25 3.0 35 40
Electric field(V/um)

1E-7 |
(b) —&— Paste 1
@ Paste 2
Paste 3
1E_8 I " b L 2 PaSte 4
—~
T
S~
S 1e9l
e AS
~ v
- A4
v\
1E-10 | AN
v
1 1 | ) | L i1

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
wv
Fig. 2. (a) Field emission characteristics of CNT cathodes

from paste 1 to optimized paste 4, (b) corresponding Fowler-
Nordheim plots.
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Table 1. Field emission parameters of the slope m, the field
enhancement factor £, intercept b and the effective emission
area A are derived from the F-N plot.

Sample m p b Al ]

Paste 1 -4008.7 5715 -5.339 4.83x107
Paste 2 -3220.3 7114 -5.536  2.56X10°
Paste 3 -3018.5 7589 -5.145  333%x107°
Paste 4  -1001.5 22874 -5.085  3.89%x10°

Fig. 3. Field emission images by (a) paste 1, (b) paste 2, (c) paste 3 and (d) optimized paste 4.
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Fig. 4. SEM images of CNT film after surface treatment for (a) paste 1, (b) paste 2, (c) paste 3, (d) paste 4 with the optimized

composition.
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Fig. 5. Anode current densities as a function of time under a
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Table 2. Designation of samples for firing of CNT paste 4.
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Sample Condition Ambiance

1F300A Ist firing at 300°C Air

1F300NA Ist firing-No U.V exposure at 300°C Air

2F350A Ist firing+2nd firing at 300°C/350°C Air/Air

2F350V Ist firing+2nd firing at 300°C/350°C Air/Vacuum

Table 3. Anode current density changes for various firing conditions.
1F300A 1F300NA 2F350A 2F350V

Initial current density 1.86 mA/cm® 1.82 mA/cm? 1.82 mA/cm? 1.84 mA/cm®
After 1 hour 1.82 mA/cm? 1.72 mA/em? 1.72 mA/em? 1.82 mA/cm®
Decreased ratio 2.15% 5.49% 5.49% 1.09%
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