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Abstract

In this study, in order to utlize the electircal characteristic of a single
CNT, we filtrate the suspension of CNTs and make it as sheet-like bulk
material, called random buckypaper (RBP).

The aim is to control the electrical properties. Before filtrate the
suspension of CNTs, CNTs annealing was done at 200°C,400°C ,600°C
and800°C for 10 min. In addition, RBP was functionalized with RF
plasma in Ar, O, and N, atmosphere (250 mTorr) under a power of 10W
for 15 min, to increase the C, N, O elemental composition and C-O, C-N
ratio. In order to compare electrical properties of each sample, we use
four-point- measurement to measure resistivity, and then use Van Der
Pauw method to measure carrier concentration-and mobility. The
resistivity Is changed in different vacuum and gas. Before flow the gas,
we heated or unheated the sample to discuss the resistance change.

As the annealed sample, annealing temperature rises before 600°C,
the resistivity decreased. When annealing temperature at 800°C, the
resistivity increased. In addition, after plasma treatment buckypaper
sample at Argon and Oxygen condition caused resistivity increase. In
nitrogen plasma treatment condition, the resistivity decreased. After
annealed 800°C and argon, oxygen and nitrogen plasma treatment
buckypaper. By hall-measurement result, Carrier concentration changeto
N-type. Mobility is-about 10 (cm?/vs). The mobility is lower than others
material because of amorphous structure. Besides, N-type buckypaper
storage in air, because of oxygen and water vapor, will turn back to
P-type.

We measure resistivity in different vacuum degree and gas. Vacuum
degree increased, then the resistivity decrease. After heating the sample,
the trend has changed. Resistivityhas more significant change in oxygen.

The N-type sample is not stable in air.The exact concentration of is
also a problem, but have found ways to P-typebuckypaper into N-type.
Make BP more opportunity to be applied in electronic devices.
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"“for their researches on semiconductors and their discovery
of the transistor effect"
The Nobel Prize in Physics 1956
William B. Shockley, John Bardeen, Walter H. Brattain
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(5,0) zigzag nanotube

Carbon: n=2 has 4 electrons

sp? bonds with three
(d) nearest carbon atoms
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2002 & - V. Derycke, R. Martel[19]% + - #- CNTFET »* 750K i %
#4150 3 R P-type CNTFET # % = N-type » 4v ] 2-4 > Ves &5
WRPEE ALY e E - BE AP R B PSP T D

HREF SR FRAARNEF AR EF AR PTR Lo F

§ 5 7R 5 x 1074 5 N-type ek FLAR BRRS o
D
5 IN AIR
N ANNEALED “
@ B IN VACUUM 2
:; BERS
g
1 I *
A%+ ’
0-4

15 <10 -5 0 5 10 15
VGS

] 2- ACNTFET 7+ 4 = CNT % #P-type # [#» £ 542X 15 & N-type-

2 FENRFF RIS R %4 L P-type
2005 & > Ali Javey[20] % * > -4 (potassium)4% 32 & % o s # & @

it % CNTFET » # © % 3 g8 - 4238 829 2 4 N-type #mc% » 4off]

2-5 °

10



|}
1
As-made | After K

— p-FET : doping

:

1

1

.
- . o

1

1

1

d~1.5 nm
| |

05 0.0 05 1.0
Ves V)

B 2-5F1% 473z 822> CNT 25248 i 5 N-type ¢ CNTFET

/.

FENMY 2 ek B KA S SE MR A B Ay

N-type ch% 5 g - & % P2 N-type chz f ¥ (£ 5 FET » & 3

25 TR AILH 3 4 B PR
HFIRETERANY FET fj:P{r(microwave plasma) i id » % Fe g
W RP A v W E FoF R g fE SR o GET AT
2K ARE o B R R 2 XPS A 47 0 @ ehsp® B sp’ sk ch A
o MRS € FL o hy AT A B R [21][22] 0 A A R
§AZAPE < PRI o Aok 2182 22 Flp BT R E

ek KRE o R BRI TR



BRFHZARE AT AL F LG T HE ARE DR

SRR R

# 2-1 SWNT & MWNT % 10W 3 4 7 ert"% Pf e pET

C~O-N &3 # eh7 o [21]

SWNT MWNT

C 0} N C 0} N

Elemental composition (atom%)

Untreated 94.4 51 05 975 2.5 -
N, 10 s 921 74 05 96.3 34 0.3
N, 10 min 838 157 15 845 132 25
N,/O, 10 s 847 150 03 922 7.8 —
N,/O, 10 min 761 227 04 876 124 -
O, 10 s 825 16.7 0.8 932 6.8 -
O, 10 min 742 254 04 86.8 132 -

% 2-2 MWCNT £ %7 100W & M T 42 § § 4 & 10Pa 7k 1

T BT A G B 5 R o [22]

sp (eV, %) graphite §p (eV %) contamination =0V, %) €00 (eV. %) (0], %

MWCNT-pristine 2839, 68.5 47,238 2890, 7.6 1.6
MWCNT film: | min 2839, 626 2848, 139 2863, 167 2899, 6.8 9.1
MWCNT film: 2 min 2839, 619 847,99 286.2,21.8 2905, 6.2 113
MWCNT film: 3 min 2839, 624 2846, 6.8 861,254 90.,5.2 113
MWCNT film: 4 min 2839, 632 848,45 286.1,278 299,43 133
MWCNT film: $ min 2839, 599 47,50 286.1,309 197,41 16.6
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