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Study of thermal and radiative anisotropic properties on a highly-aligned carbon nanotube film for

optical and electronic devices

Thesis Summary

Technology using polarized light is essential in various fields, from academic research to industrial
applications, and a polarized light source covering a broad wavelength range is required for polarized
light analysis. Conventionally, one can use an unpolarized light source with an external polarizer, but it
is challenging to produce polarized broadband light directly from a light source. An aligned carbon
nanotube (CNT) film is a promising material for a light emitter covering a wide wavelength range. A
CNT has a quasi-one-dimensional structure, leading to polarized light emission. An aligned CNT film
is a monocrystalline based on single-wall CNTs. In the film, CNTs are well aligned and densely packed,
where anisotropic characteristics due to a CNT are expected to emerge in an entire film. However,
thermal emission property on an aligned CNT film has not been reported yet. This study investigated
thermal radiation from a highly-aligned CNT film, and evaluated emission properties as a polarized
light source.

This thesis consists of seven chapters. Chapter 1 provides the research background and describes
the basic properties of carbon nanomaterials and the previous studies on a thermal emitter based on
carbon nanomaterials. Chapter 2 includes information about research equipment and analysis methods
used in this study. Chapter 3 shows the results and the discussion on thermal radiation from an aligned
CNT film. In this study, electrically driven thermal light emitters were fabricated using an aligned CNT
film. The devices have two types; in one device (hamed "parallel device"), the applied voltage direction
is parallel to the CNT's alignment direction, and in the other device (named "perpendicular device"),
the voltage direction is vertical to the alignment direction. In both devices, infrared emissions were
observed, and emission spectrum data indicate that the emissions are derived from blackbody
radiation. Polarization measurement shows thermal radiation from an aligned CNT film is polarized
along the CNT alignment direction. Moreover, simulation analysis revealed that the different emission
distributions between the parallel and perpendicular devices are due to the CNT-electrode contact
thermal conductance. Chapter 4 shows the results and the discussion on the modulation property of
polarized thermal radiation from an aligned CNT film device. In this study, electrically driven thermal
light emitters were fabricated with a 1 um? light-emitting area using an aligned CNT film. The time-
resolved optical measurement found that the emission response speed depends on the alignment
direction, reflecting the anisotropic properties of an aligned CNT film. For the investigation of the

anisotropic response speed, a time-dependent 2D thermal transfer simulation was prepared. The

simulation results revealed that the parallel device has ~20 MHz high-speed response, and the contact
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thermal conductance between an electrode and a CNT film, plays an important role in the thermal
radiation from an aligned CNT film. Chapter 5 shows the results and the discussion on an aligned CNT
film device with a suspended structure. In this study, electrically driven thermal light emitters were
fabricated with an aligned CNT film suspended. The silicon oxide under the aligned CNT film was
removed in the device through a hydrofluoric acid etching process. The polarization analysis and the
spectrum measurement revealed that the suspended device improves the polarization of thermal
radiation from an aligned CNT film with ~0.9 polarization degree. It indicates that the suspended device
enables us to obtain polarized thermal radiation directly from an aligned CNT film without the effect of
the substrate. Chapter 6 shows the results and the discussion about the thermal breakage observation
on an aligned CNT film. An aligned CNT film has excellent heat resistance, which is a critical advantage
for a thermal light emitter because a thermal emitter requires a high-temperature state. In this study,
the Joule-heating power over the CNT's resistance limit was applied to the aligned CNT film device,
and electrical and optical properties were measured after the thermal breakage. The results show that
the electrical paths are recovered after the breakage, and a resistive switch phenomenon occurs on
an aligned CNT film. Moreover, through the investigation of switch dependence on the CNT's alignment
direction, it was found that on-state conductance depends on the alignment direction. Chapter 7

describes the conclusion and the future prospects of this study.




