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Abstract: Carbon nanotubes film has attracted significant attention and has the potential application in
photo —electrical devices because of its outstanding electrical, optical and mechanical properties in the
wide frequency range from microwave to visible light. The active and passive terahertz devices are
progressing at a rapid rate. The highly quality carbon nanotubes film offers an alternative to generation,
detection, and polarization of terahertz wave. The vertically aligned multi—walled carbon nanotubes film
was grown by low pressure chemical vapor deposition. The drawing method was employed to fabricate
the super —aligned carbon nanotubes film. The transmission and polarization properties of the carbon
nanotubes film (three kinds of film: one is carbon nanotubes film with gratings on Si substrate; another is
carbon nanotubes film without gratings on Si substrate, and last is a freestanding carbon nanotubes film)

had been investigated by terahertz time —domain spectroscopy. The results show that the anisotropic
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properties of the complex refraction index and permittivity of carbon nanotubes film were observed. The

transmittance in the case of the terahertz polarization perpendicular to the axis of carbon nanotubes is

more than that of the terahertz polarization parallel to the axis of carbon nanotubes. The degree of

polarization and extinction ratio of film increases with increasing film thickness. The degree of

polarization is up to 99% and keeps constant for 9 pwm-—thick multi—walled carbon nanotubes film. This

research provides basic knowledge useful for emerging applications of multi—walled carbon nanotubes in

optoelectronics and plasmonics in the technologically important terahertz frequency range.
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Fig.1 (a) SEM image of MWNTs film; (b) Grating
structure of MWNTs film
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(c) THz time—domain for the film without gratings
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Fig.2 THz time—domain wave and frequency—domain spectra

HA=—log(EJEXE, I E, 533 i THz {5
SR EE) AT LAAS B R AE N TR Ak AR 2R A B IR
Bk, N 3 B R, BN THz 3% A4 W i kit 25 4% 1k
F I3 KRN, 2 A S THz 3 A6 7 1)
5 CNTs 4l FATHE, FB0H 3 20 09w liov: o HoA
BA S W T I A AE 5 T 24 o M TR R, Wl
JIN T T S P R AT S R R A e Yy 3 D PR A
555 THz 5 H, 3759 46 20 K A4 Al i) 1) 085 e 36 T H, 5 7
AT RN B U, DT AR T IO AR A
P T AHKAE 110 4: 30 I 35 3 7 B S B0 P9 R AT
s B G  ITAE AR AL T 1) 2 B T 98 oK
ey By T R A ) R 2K AN 2 s A
HPRIG

0.8
o 0.6 500
g -60°
2o04f 0 30
8 -Q°
S|ttt o
< .....

0.2 i

0

0 0.5 1.0 1.5 2.0 2.5
Frequency/THz

P 3 AN [ Ak A I B0 TR Wi R

Fig.3 Absorbance with different angles of polarization
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(b) Complex refraction index in perpendicular case
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Fig.4 Complex refraction index and permittivity

with film of 1 m thickness
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Fig.5 (a) THz time—domain wave; (b) DOP for three different
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