Perspectives on Plasmas
--- the fourth state of matter
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Definition of Plasma

Plasma is a quasineutral gas of electrons, ions
and neutral particles which exhibits collective
behavior.

Because of collective behavior, a plasma does not
tend to conform to external influences; rather, it
often behaves as if it had a mind of its own.

Plasmas - The 4'" State of Matter
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Plasma Classifications
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Generation of Plasma

electrons are accelerated by electric field and collide with
other particles to induce excitation and ionization.

Electron impact ionization:
e +A>2e + A

Electron impact excitation
€ +A>e +A

Meanwhile de-excitation and recombination also take place.
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Plasma Generation

(Ex: Electron Cyclotron Resonance)




Maxwell’'s Equations

In terms of free charges and currents, Maxwell’s equations
read
V-D=p VxE+§:0

Nonlinear Model for Gyrotron Oscillators
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(Dusty Plasma)

(Laser Plasma)
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(Laser Plasma)
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Plasma Display Panel (PDP)
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High Frequency and Plasma L ab
by Prof. C.S. Kuo
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RF Capacitively Coupled Plasma

RF power 13.56 MHz
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RF Inductively Coupled Plasma
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Microwave Plasma Source
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He plasma Ar plasma
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Plasma etching processing
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Plasma Processing

Carbon nano tubes Growth of diamond
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High Frequency Electrodynamics Lab

(i) Nonstationary and Chaotic Behavior
of the Electron Cyclotron M aser
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Significance of the ECM

o ot multiple-photon /multiple photo
p Itatkan,  per electron, per electron,

arge interaction large interaction™ ' ace
Space space ~ th

. y y

£ ‘ ECM Devices

= 0%

.% 107

g tD1 F

z T T i o0 102

Wawvelength (mm) 27

Micro/mm-wave Sour ces Design & Fabrication
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Gyrotron Experimental Setup

Gyro-monotron pulse shape and spectrogram
at different beam currents (1)
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Multi-Mode Competition at I, =5 A
( PIC Simulation )

"o Evolution in time (B, = 14.8 kG) Time—frequency analysis
ol (using an 8-nsec Hann-type window)
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High Frequency Electrodynamics Lab

(if) Millimeter-Wave and THz Devices,
and Their Applications
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T-Ray: Next frontier in Science and Technology

Terahertz wave (or T-ray), which is electromagnetic radiation ina
frequency interval from 0.1 1o 10 THz, lies a frequency range with
rich science but limited technology.
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TE,; Mode Converter
For Laser Cooling Experiment

Linearly and Circularly Polarized rf Fields

HFSS simulation

m

Linear

i RHCP

=l

LHCP

=9

37

Linear polarization

Circular polarization

Field patterns directly visualize on thermal sensitive LCD
film.
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Terahertz Radiation and Device Physics
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Frequency (GHz)

T.H. Chang, C. F. Yu, and C. T. Fan, “Novel polarization controllable TE21 mode converter”, Rev. Sci. Instrum., 76, 074703 (2005).

Terahertz Radiation and Device Physics
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C.F.Yuand T. H. Chang, "High Performance Circular TEO1 Mode Converter”, IEEE Trans. Microwave Theory Tech. 53, 40
No.12, 3794 (2005).




I nter national Cooperation on THz

High Frequency Electrodynamics Lab

(iii) Application of Micro/mm-Wave
Technology on Material Science

200 W, 300 GHz @ Far Infrared Region Research Center,
Fukui Univ., Japan.
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Quasi-optical applicator: Major challenges Experimental setup for quasi-optical applicator

Critical coupling

Resonant detecting Ka-band driver | diagnostic circuit
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Quasi-optical cavity: BaTiO; SEM results

Source: EIA, Frequency~ 35 GHz (operating at TEM,, ;, mode)
Quasi-optical Cavity: L~146-9 mm, R=140 mm, d=200 mm Q~11000

before after
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Quasi-optical cavity: PZT SEM results

Source: EIA, Frequency~ 35 GHz (operating at TEM,, 4 ;, mode)
Quasi-optical Cavity: L~146-9 mm, R=140 mm, d=200 mm Q~11000

Necking effect observed on the surface
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Low-temperature processing of PZT thin films
using 2.45 GHz microwave annealing

High Performance Ferroelectric Material
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The microwave annealing of PZT thin film
- dielectric constant: 560

- dissipation factor: 0.025% of dielectric constant.

The conventional annealing of PZT thin film
- dielectric constant : 345

- dissipation factor :0.03% of dielectric constant.
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