
 

 

Государственное образовательное учреждение 
высшего профессионального образования 

«Томский государственный университет 
систем управления и радиоэлектроники» 

  
  
  
  
  
  
  
  
  
  
  

ТТЕЕММААТТИИЧЧЕЕССККИИЙЙ  
РРЕЕФФЕЕРРААТТИИВВННЫЫЙЙ  ССББООРРННИИКК  №№  4455--11  

“СВЧ диагностика” 
(«Microwave Diagnostics») 

Журнальные публикации 

 
 
 
 

  
  
  
 Источник: Digital Library IEEEXplore 
 Язык: английский 
 Глубина поиска: 2001 – 2011 гг. 
 Дата формирования: март 2011 г. 
 Составитель: В.И. Карнышев 
  
  
  
  
  
  

Томск – 2011 
 



ÒÅÌÀÒÈ×ÅÑÊÈÉ ÐÅÔÅÐÀÒÈÂÍÛÉ ÑÁÎÐÍÈÊ ¹ 45-1

"Microwave Diagnostics" 
(«ÑÂ× äèàãíîñòèêà») 

Æóðíàëüíûå ïóáëèêàöèè

"Broadband Reflectometry for Diagnostics and Monitoring Applications"
Reflectometry is a powerful technique that can be effectively employed for a number of practical applications; in
particular, the high versatility, the real-time response, and the potential for practical implementation have
contributed to the success of microwave reflectometry for monitoring purposes. In this regard, this paper
provides a survey of the current state of the art of reflectometry-based methods for diagnostics and monitoring
applications. After a brief overview of the theoretical principles at the base of this technique, the different
approaches of microwave reflectometry (time domain, frequency domain, and combined approaches) are fully
discussed; particular attention is given to the strategies for enhancing measurement accuracy. Finally, the major
practical applications of reflectometry and related results are discussed, thus evidencing current achievements,
limitations, and potential. [J1]

"Quantitative Microplasma Electron Number Density Measurement by Coherent Microwave
Rayleigh Scattering"
In this paper, a method for quantitative measurement of electron number density in a microplasma by coherent
microwave Rayleigh scattering is described. Coherent microwave Rayleigh scattering reaches its maximum when
the microwave frequency is at its resonance frequency. The resonance frequency depends on the electron
number density in the microplasma and the electron-neutral and Coulomb collisional frequencies. When a
subnanosecond microwave pulse illuminates the microplasma, the average electron number density can be
measured from the frequency analysis of microwave scattering. The technique will be able to quantitatively
measure subnanosecond-resolved electron number density evolution in the microplasma. [J2]

"Microwave N 2 -Ar plasma torch. II. Experiment and comparison with theory"
Spatially resolved emission spectroscopy techniques have been used to determine the gas temperature, the
electron, and N2+ion densities and the relative emission intensities of radiative species in a microwave (2.45
GHz) plasma torch driven by a surface wave. The experimental results have been analyzed in terms of a two-
dimensional theoretical model based on a self-consistent treatment of particles kinetics, gas dynamics, and wave
electrodynamics. The measured spatial variations in the various quantities agree well with the model predictions.
The radially averaged gas temperature is around 3000 K and varies only slowly along the discharge zone of the
source but it drops sharply down to about 400 K in the postdischarge. The experimental wave dispersion
characteristics nearly follow the theoretical ones, thus confirming that this plasma source is driven by a surface
wave. [J3]

"Registration of Alfven resonances in TCABR tokamak by the scanning reflectometer at sideband
frequencies"
A frequency scanning O-mode reflectometer was used for studies of plasma density oscillations during local
Alfven wave (LAW) excitation in the Tokamak Chauffage Alfven Bresilien (TCABR) at the frequency fA= 5 MHz.
It was found that the spectrum of the reflectometer output signal, which consists mainly of the "beat" frequency
fB, is modified by the LAW excitation, and two additional frequency peaks appear, which are symmetrical in
relation to the LAW excitation frequency f = fA± fB. This result opens the possibility to improve the efficiency of
studying the LAW induced density oscillations. The symmetry of these frequency peaks yields the possibility of
finding the microwave frequency at which the reflectometer cutoff layer coincides with radial position of the LAW
resonance zone in the TCABR tokamak. [J4]

"Determination of OH Radicals in an Atmospheric Pressure Helium Microwave Plasma Jet"
A recent study has reported the observation of the OH radicals in the far downstream of an atmospheric argon
microwave plasma jet. The far downstream is referred to as the location where the ratio of the distance from the
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jet orifice to the length of the jet column is greater than three. In this paper, we report that this phenomenon also
exists in a similar plasma jet that is 2.5 mm long, operated in helium gas. A detailed characterization of the
helium microwave plasma jet was carried out by using UV-pulsed cavity ringdown spectroscopy and optical
emission spectroscopy. The absolute number densities of the OH radicals were measured along the plasma jet
column from the jet orifice to the far downstream, and the OH concentrations vary from 9.64 × 1015near the jet
orifice to 7.32 × 1012molecules/cm3in the far downstream (16 mm away from the jet orifice, corresponding to a
distance ratio of 6.4). The dependence of the OH concentration on plasma power and gas flow rate at different
locations along the jet axis is characterized, and the result suggests that the OH concentration increases with an
increase in plasma power and gas flow rate in the downstream. [J5]

"Temporary-resolved measurement of electron density in small atmospheric plasmas"
A new method for temporally resolved measurements of absolute values of plasma density applicable for wide
spectrum of small-size atmospheric plasmas and utilizing Rayleigh microwave scattering on the tested plasma
object is proposed. The absolute electron density measurements in an atmospheric plasma jet revealed presence
of two consecutive breakdowns during the half-wave of the discharge-driven high voltage. The ionization
mechanisms of both breakdowns are considered. [J6]

"Approach to Spectral Measurements of a Millimeter-Wave-Band Relativistic Magnetron"
Rigorous 3-D finite-difference time-domain computer simulations are used to investigate the electromagnetic
characteristics of the diffraction output of a millimeter (mm)-wave-band relativistic magnetron. In the simulations,
the diffraction output is outfitted with a dielectric grating that can be tuned in either reflection or transmission
mode at definite operation wavelengths. This grating acts as a tunable filter of high-power oscillations generated
by the magnetron and is similar to gratings widely used in optics to control ultrashort power optical pulses.
Specifically, computer simulations establish a relation between the generation wavelength of the magnetron and
the configuration of the grating, as well as predict that the grating provides the field reduction of up to -40 dB.
The application of the grating suggests an approach to spectral measurements of mm-wave-band relativistic
magnetrons with a measurement accuracy of better than 0.3 mm. The implementation of the approach solves a
series of engineering and metrological problems arising during spectral measurements of a variety of high-power
vacuum microwave devices. [J7]

"Quasi-Multistatic MIST Beamforming for the Early Detection of Breast Cancer"
Microwave imaging via space-time (MIST) beamforming has been shown to be one of the most promising
imaging modalities for detecting small malignant breast tumors. This paper outlines two modifications to the
MIST system developed by Hagness for the early detection of breast cancer, resulting in a quasi-multistatic
MIST beamformer (multi-MIST). Multistatic MIST beamforming involves illuminating the breast with an
ultrawideband (UWB) signal from one antenna while collecting the reflections at an array of antennas, as
opposed to traditional monostatic MIST beamforming where only the transmitting antenna records the reflections
from the breast. In order to process the multistatic data, traditional data-adaptive artifact removal algorithms have
to be modified to accommodate signals from all antennas. Also, the MIST beamforming algorithm, which spatially
focuses the signal and compensates for frequency-dependent propagation effects, has to be modified. The
algorithms are tested on a 2-D anatomically accurate finite-difference time-domain model of the breast. The
multi-MIST beamformer described here is shown to offer an improved signal to clutter ratio when compared to
the traditional monostatic MIST beamformer. [J8]

"fewUpconversion of a relativistic Coulomb field terahertz pulse to the near infrared"
We demonstrate the spectral upconversion of a unipolar subpicosecond terahertz (THz) pulse, where the THz
pulse is the Coulomb field of a single relativistic electron bunch. The upconversion to the optical allows remotely
located detection of long wavelength and nonpropagating components of the THz spectrum, as required for
ultrafast electron bunch diagnostics. The upconversion of quasimonochromatic THz radiation has also been
demonstrated, allowing the observation of distinct sum- and difference-frequency mixing components in the
spectrum. Polarization dependence of first and second order sidebands at omega opt±omega THz, and omega
opt±2omega THz, respectively, confirms the chi (2)frequency mixing mechanism. [J9]

"Surface loss rates of H and Cl radicals in an inductively coupled plasma etcher derived from time-
resolved electron density and optical emission measurements"
A study is undertaken of the loss kinetics of H and Cl atoms in an inductively coupled plasma (ICP) reactor used
for the etching of III-V semiconductor materials. A time-resolved optical emission spectroscopy technique, also
referred to as pulsed induced fluorescence (PIF), has been combined with time-resolved microwave hairpin
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probe measurements of the electron density in a pulsed Cl2/H2-based discharge for this purpose. The surface
loss rate of H, kwH, was measured in H2plasma and was found to lie in the 125-500s-1range (gamma Hsurface
recombination coefficient of 0.006-0.023), depending on the reactor walls conditioning. The PIF technique was
then evaluated for the derivation of kwCl, and gamma Clin Cl2-based plasmas. In contrast to H2plasma,
significant variations in the electron density may occur over the millisecond time scale corresponding to
Cl2dissociation at the rising edge of the plasma pulse. By comparing the temporal evolution of the electron
density and the Ar-line intensity curves with 10% of Ar added in the discharge, the authors show that a time-
resolved actinometry procedure using Ar as an actinometer is valid at low to moderate ICP powers to estimate
the Cl loss rate. They measured a Cl loss rate of 125-200s-1(0.03≤gamma Cl≤0.06)at 150 W ICP power for a
reactor st--ate close to etching conditions. The Cl surface loss rate was also estimated for high ICP power (800
W) following the same procedure, giving a value of 130-150s-1(gamma Cl 0.04), which is close to that
measured at 150 W ICP power. [J10]

"Time-Frequency Analysis of Virtual-Cathode Oscillator"
Time-frequency analysis has been carried out for microwave radiation from a virtual-cathode oscillator. The
objective is to observe and understand the frequency behavior of virtual-cathode oscillation. The diagnostic
results have given clear evidence of mode hopping and frequency shifting. The dependence of mode competition
on diode operation parameters is also identified. Initial particle-in-cell simulations using "MAGIC" code have
been carried out, and the results were in general agreement with those obtained in the experiments. [J11]

"Measurement of radial and axial high energy x-ray spectra in electron cyclotron resonance ion
source plasmas"
Radial and axial x-ray measurements of electron cyclotron resonance ion sources operating at microwave
frequencies of 6.4 and 14 GHz are presented. Results indicate a greater detected photon energy in the radial
direction than the axial direction for both the 6.4 GHz source and the 14 GHz source. It is also seen that the 14
GHz source produces x-rays with higher energies, when compared to the 6.4 GHz source, in both radial and
axial directions. [J12]

"Multiple diagnostics in a high-pressure hydrogen microwave plasma torch"
We present an experimental study of a hydrogen plasma produced by a microwave axial injection torch,
launching the plasma in a helium-filled chamber. Three different diagnostic methods have been used to obtain
the electron density and temperature as follows: The Stark intersection method of Balmer spectral lines (already
tested in argon and helium plasmas); the modified Boltzmann-plot showing that the plasma is far from the local
thermodynamic equilibrium but ruled by the excitation-saturation balance; and a study by the disturbed bilateral
relations theory. All of these diagnostic techniques show a good agreement. [J13]

"Toward Carbon-Nanotube-Based Theranostic Agents for Microwave Detection and Treatment of
Breast Cancer: Enhanced Dielectric and Heating Response of Tissue-Mimicking Materials"
The experimental results reported in this paper suggest that single-walled carbon nanotubes (SWCNTs) have the
potential to enhance dielectric contrast between malignant and normal tissue for microwave detection of breast
cancer and facilitate selective heating of malignant tissue for microwave hyperthermia treatment of breast cancer.
In this study, we constructed tissue-mimicking materials with varying concentrations of SWCNTs and
characterized their dielectric properties and heating response. At SWCNT concentrations of less than 0.5% by
weight, we observed significant increases in the relative permittivity and effective conductivity. In microwave
heating experiments, we observed significantly greater temperature increases in mixtures containing SWCNTs.
These temperature increases scaled linearly with the effective conductivity of the mixtures. This work is a first
step towards the development of functionalized, tumor-targeting SWCNTs as theranostic (integrated therapeutic
and diagnostic) agents for microwave breast cancer detection and treatment. [J14]

"Time-resolved imaging of millimeter waves using visible continuum from the positive column of a
Cs-Xe dc discharge"
We present a high-sensitivity technique for time-resolved imaging of millimeter waves (MMWs) using the visible
continuum (VC) from the positive column (PC) of a medium-pressure Cs-Xe dc discharge. For the MMW imaging
application, a uniform plasma slab of the PC of a Cs-Xe discharge with 10×8cm2aperture and 2 cm in thickness
was generated for 45 Torr xenon. The imaging technique is based on the fact that the intensity of the e-Xe
bremsstrahlung continuum from the PC increases in the visible region when the electrons in the plasma are
heated by MMWs. It is shown that in the MMW intensity range from zero to the threshold of the microwave-
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induced plasma breakdown, the intensity of the VC from the PC of a Cs-Xe discharge increases approximately
as a second-order polynomial function of the MMW intensity. The obtained experimental data agree well with our
calculations of the dependence of the VC intensity on electron temperature. The Ka-band MMW field patterns at
the output of conical horn antennas and in the quasioptical beam were imaged using the discharge technique. It
is shown that the technique can be used for time-resolved measurement of the profiles of watt- and subwatt-
level MMWs. An energy flux sensitivity of the technique of about 10mu J/cm2in the Ka-band was demonstrated.
The temporal resolution of the technique is about 0.8mu s. Our modeling of the transient behavior of the electron
temperature in the PC shows that the time history of the electron temperature variation coincides well with the
measured time history of the VC intensity variation. [J15]

"A Phenomenological Investigation of Anomalous Performance in Flex Coaxial Cables"
In this study, we investigate anomalous flex cable performance in a phased-array antenna on advanced EHF. A
number of low-gain IF paths were found in one local-oscillator region during thermal cycle testing, subsequently
causing an out-of-specification condition. Utilizing advanced diagnostic tools, the contractor determined that the
root cause of the gain drop was a failure in a flex coaxial cable. We outline the development of an analytical
phenomenology model employed in understanding the failure pathology and verifying the root cause. We have
developed 3-D finite-element models using Ansoft High Frequency Structure Simulator (HFSS) that mimic the
insertion loss behavior associated with cable failure modes. To synthesize a particular loss characteristic, we
use an equivalent circuit model consisting of parallel- LCsections. A closed-form analytical expression for
resonance frequency was derived, linking the circuit and physical parameters; linear regression is used to fit
measured data to the HFSS cable model. Using the phenomenology model, we determined that the root cause
of the failures is a delamination of the layered outer sheath of the cable. Two mechanisms were discovered: 1)
spurs in the outer layer and 2) complete layer separation over short cable lengths. The first mechanism induces
a small frequency-independent increase in the loss and is inversely proportional to the spur delamination angle.
This loss is attributable to conventional aging and considered benign. With the second mechanism, the
delamination gap induces a sharp resonance in the loss at a discrete frequency and is reminiscent of a low-
order filter. This phenomenon is a malignant loss responsible for our anomalous out-of-specification condition.
We completed a parametric study using the phenomenology model, and determined that: 1) resonance
frequency is inversely proportional to the gap width (Wg) ; 2) resonance frequency is proportional to the square
root of the gap size (?{--dg}) ; 3) insertion loss amplitude is proportional to the air gap size and width; and 4)
the Qof a given delamination region is proportional to the square root of the gap size. [J16]

"Multifrequency channel microwave reflectometer with frequency hopping operation for density
fluctuation measurements in Large Helical Device"
In order to measure the internal structure of density fluctuations using a microwave reflectometer, the broadband
frequency tunable system, which has the ability of fast and stable hopping operation, has been improved in the
Large Helical Device. Simultaneous multipoint measurement is the key issue of this development. For accurate
phase measurement, the system utilizes a single sideband modulation technique. Currently, a dual channel
heterodyne frequency hopping reflectometer system has been constructed and applied to the Alfven eigenmode
measurements. [J17]

"Characteristics of Microwave Plasma Torch at Atmospheric Pressure"
We studied the characteristics of a microwave argon plasma torch at atmospheric pressure. The electron
temperature of the plasma was measured by optical-emission spectroscopy and increases nonlinearly from 3000
to 3800 K with the increase of the microwave power from 1.0 to 4.0 kW. The spatial distribution of the electron
density was measured with a Mach-Zehnder interferometer to be on the order of 1017/cm3and characterized by
fluctuating with the time under the same experimental conditions. Based on the plasma parameters measured, it
can be concluded that the plasma is in the state of local thermodynamic equilibrium. [J18]

"A synthetic diagnostic for the evaluation of new microwave imaging reflectometry diagnostics for
DIII-D and KSTAR"
The first microwave imaging reflectometry (MIR) system for characterization of fluctuating plasma density has
been implemented for the TEXTOR tokamak [H. Park etal, Rev. Sci. Instrum. 75, 3787 (2004)]; an improved MIR
system will be installed on DIII-D and KSTAR. The central issue remains in preserving phase information by
addressing antenna coupling between the reflection layer and the detector array in the presence of plasma
turbulence. A synthetic diagnostic making use of coupled full-wave diffractive codes has been developed in
geometries and applied to a variety of optical arrangements. The effectiveness of each scheme is quantitatively
compared with respect to the fluctuation levels accessible in the simulation. [J19]
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"Wireless Implants"
In vivo wireless biomedical microsystems fueled by the continued scaling of electronic components and the
development of new micro sensors and micropackaging technologies is rapidly changing the landscape of the
electronics and medical industry. These devices can be used for a myriad of monitoring, diagnostic, therapeutic,
and interventional applications that range from the well known cardiac pacemakers and defibrillators to emerging
applications in visual prosthesis, brain computer interfaces (BCIs), and embedded monitoring of a variety of
medical useful variables such as oxygen, glucose, pH level, pressure, and core temperature. This article
presents a brief overview of design considerations for implementing wireless power and data interfaces for in
vivo biomedical devices. Examples of emerging implantable and ingestible wireless biomedical devices are
discussed. [J20]

"On the role of spectral resolution in velocity shear layer measurements by Doppler reflectometry"
The signal quality of a Doppler reflectometer depends strongly on its spectral resolution, which is influenced by
the microwave beam properties and the radius of curvature of the cutoff layer in the plasma. If measured close
to a strong perpendicular velocity shear layer, the spectrum of the backscattered signal is influenced by different
velocities. This can give rise to two Doppler shifted peaks in the spectrum as observed in TJ-II H-mode
plasmas. It is shown by two-dimensional full wave simulations that the two peaks are separable provided the
spectral resolution of the system is sufficient. However, if the spectral resolution is poor, the two peaks blend into
one and yield an intermediate and incorrect velocity. [J21]

"Development of laser induced fluorescence diagnostic for measuring the parameters of plasma
containing rare gas species"
Laser induced fluorescence (LIF) technique development activity for measurement of plasma parameters in ITER
divertor plasma is described. Helium density is the task of priority, but Doppler measurement of ion (atom)
temperatures is also the aim of the program. The concept of ITER scenarios includes injection of "extrinsic"
impurities (Ne, Ar, and Kr). It is possible to use the species as tracing elements for measurement of Ti, Ta. The
program included modeling experiments on PNX-U (a multicusp trap with microwave argon plasma). Helium was
added by puffing into discharge. Temperatures Ti(Ar1+)and Ta(He0)have been measured by scanning laser line
across absorption line of species. Summarizing of fluorescence signals provided input data for estimation of
Ar1+and He0densities via interpretative collisional-radiative models. Besides, the collisional-radiative model has
been used for estimation of electron density using the ratio of fluorescence signals at 388.9 and 706.5 nm
helium lines. [J22]

"Argon Microplasma Diagnostics by Diode Laser Absorption"
The densities of argon excited states (1s3, 1s4, and 1s5) and the gas temperature of argon microplasma were
measured by diode laser absorption. A 900-MHz microstrip split-ring resonator was used to excite the argon
microplasma with gas pressures between 1 and 760 torr. The line-integrated excited-state densities and gas
temperature of these states were estimated by the integrated absorption and broadening of the measured
lineshapes, respectively. The excited-state densities were found to be minimum around 50 torr and increased
with either decreasing or increasing pressure. The gas temperature increases from 300 K to 900 K as pressure
increases from 1 to 760 torr. [J23]

"Using a priori Information for Regularization in Breast Microwave Image Reconstruction"
Regularization methods are used in microwave image reconstruction problems, which are ill-posed. Traditional
regularization methods are usually problem-independent and do not take advantage of a prioriinformation specific
to any particular imaging application. In this paper, a novel problem-dependent regularization approach is
introduced for the application of breast imaging. A real genetic algorithm (RGA) minimizes a cost function that is
the error between the recorded and the simulated data. At each iteration of the RGA, a prioriinformation about
the shape of the breast profiles is used by a neural network classifier to reject the solutions that cannot be a
map of the dielectric properties of a breast profile. The algorithm was tested against four realistic numerical
breast phantoms including a mostly fatty, a scattered fibroglandular, a heterogeneously dense, and a very dense
sample. The tests were also repeated where a 4 mm × 4 mm tumor was inserted in the fibroglandular tissue in
each of the four breast types. The results show the effectiveness of the proposed approach, which to the best of
our knowledge has the highest resolution amongst the evolutionary algorithms used for the inversion of realistic
numerical breast phantoms. [J24]

"Simulations on the Role of the Resonance of the Probing Wave on Reflectometry Measurements
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in Fluctuating Plasmas"
In fusion plasmas for energy, turbulence is clearly associated to the anomalous transport of energy and particles.
Diagnostics using electromagnetic waves is usually used to measure the plasma parameters and the turbulence
characteristics. One of the diagnostics is reflectometry, which is based on the radar principle and can be used to
reach these different goals: density profile, turbulence characterization, plasma positioning, etc. During the
plasma probing, fast phase variations called phase jumps have been measured, and part of them can be
explained by a local enhancement of the probing field. Using an analytical model to compute the probing electric
field amplification, a new expression for the phase variations has been written, taking into account the
amplification of the probing electric field. This formula exhibits a good agreement with the full-wave
computations. A possible improvement of the reflectometer sensitivity can be done using the local enhancement
of the probing electric field induced by Bragg resonant density perturbations, which build resonant cavities. The
computed cases show that it is possible to improve the reflectometry measurements when the local
enhancement of the probing electric field exists. To illustrate the possible improvements, simulations of the radial
wavenumber spectrum reconstruction have been done, and they confirm the possibility to increase the sensitivity
and the spatial resolution for a given range of wavenumber. [J25]

"Optimization studies of the ITER low field side reflectometer"
Microwave reflectometry will be used on ITER to measure the electron density profile, density fluctuations due to
MHD/turbulence, edge localized mode (ELM) density transients, and as an L-H transition monitor. The ITER low
field side reflectometer system will measure both core and edge quantities using multiple antenna arrays
spanning frequency ranges of 15-155 GHz for the O-mode system and 55-220 GHz for the X-mode system.
Optimization studies using the GENRAY ray-tracing code have been done for edge and core measurements.
The reflectometer launchers will utilize the HE11 mode launched from circular corrugated waveguide. The
launched beams are assumed to be Gaussian with a beam waist diameter of 0.643 times the waveguide
diameter. Optimum launcher size and placement are investigated by computing the antenna coupling between
launchers, assuming the launched and received beams have a Gaussian beam pattern. [J26]

"Simultaneous projection and detection system of four different frequencies for microwave imaging
reflectometry in Large Helical Device"
A simultaneous projection/detection system of four different frequencies for microwave imaging reflectometry
(MIR) was developed for three-dimensional observation of electron density fluctuations in the Large Helical
Device (LHD). The microwave with four frequency components at 60.410, 61.808, 63.008, and 64.610 GHz is
projected in a continuous-wave mode to illuminate the target LHD plasma. A two-dimensional horn-antenna
mixer array (2D HMA) receives the reflected wave from the plasma as well as the wave from the local oscillator
operating at 55.800 GHz. The first intermediate frequency (IF) signals at 4.610, 6.008, 7.208, and 8.810 GHz
were confirmed to be obtained by downconversion of these microwaves using the 2D HMA. Each of these first IF
components is filtered from each other and downconverted again for the superheterodyne detection. It was
confirmed that both the amplitudes and the phases of the detected signals reflect the fluctuations in LHD
plasmas. [J27]

"A Ka-band tunable direct-conversion correlation reflectometer for NSTX"
The recent availability of broadband microwave quadrature mixers in the Ka-band (28-40 GHz) of frequencies
has allowed the fabrication of low-cost direct-conversion detection circuits for use in the variable-frequency
correlation reflectometer on the National Spherical Torus eXperiment (NSTX). The quadrature receiver in this
case can be implemented as a simple homodyne circuit, without the complication of a single-sideband modulator
or a feedforward tracking circuit present in more typical designs. A pair of direct-conversion receivers is coupled
with broadband microwave voltage-controlled oscillators to construct a flexible dual-channel radar system with a
fast frequency settling time of 160mu s. A detailed description of the design and a full characterization of the
hardware are provided. Examples of turbulence measurements from radial and poloidal correlation reflectometry
on NSTX using a poloidal array of antennas (oriented normal to the magnetic flux surfaces for conventional
reflectometry) are presented. [J28]

"Microwave imaging reflectometry studies for turbulence diagnostics on KSTAR"
The first prototype microwave imaging reflectometry (MIR) system [H. Park etal, Rev. Sci. Instrum. 74, 4239
(2004)] clearly demonstrated the shortcomings of conventional reflectometry when the probe beam encountered
a large amplitude and/or high fluctuation wavenumber at the reflection layer in laboratory tests, the distinctive
advantages shown in these tests were not fully realized in the plasma operation. To understand the
discrepancies, the MIR system performance has been thoroughly investigated at POSTECH. In this paper, a
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possible cause of the MIR performance degradation on TEXTOR will be presented together with a concept of
multifrequency MIR system design that will be developed for KSTAR. [J29]

"Design criteria of the bolometer diagnostic for steady-state operation of the W7-X stellarator"
A bolometric diagnostic system with features necessary for steady-state operation in the superconducting
stellarator W7-X was designed. During a pulse length of 1800 s with an ECRH (electron cyclotron resonance
heating) power of 10 MW, the components suffer not only from a large thermal load but also from stray radiation
of the nonabsorbed isotropic microwaves. This paper gives an overview of the technical problems encountered
during the design work and the solutions to individual problems to meet the special requirements in W7-X, e.g.,
component thermal protection, detector offset thermal drift suppression, as well as a microwave shielding
technique. [J30]

"A Tesla-pulse forming line-plasma opening switch pulsed power generator"
A pulsed power generator based on a high-voltage Tesla transformer which charges a 3.85Omega /55nswater-
filled pulse forming line to 300 kV has been developed at Loughborough University as a training tool for pulsed
power students. The generator uses all forms of insulation specific to pulsed power technology, liquid (oil and
water), gas (SF6), and magnetic insulation in vacuum, and a number of fast voltage and current sensors are
implemented for diagnostic purposes. A miniature (centimeter-size) plasma opening switch has recently been
coupled to the output of the pulse forming line, with the overall system comprising the first phase of a program
aimed at the development of a novel repetitive, table-top generator capable of producing 15 GW pulses for high
power microwave loads. Technical details of all the generator components and the main experimental results
obtained during the program and demonstrations of their performance are presented in the paper, together with a
description of the various diagnostic tools involved. In particular, it is shown that the miniature plasma opening
switch is capable of reducing the rise time of the input current while significantly increasing the load power.
Future plans are outlined in the conclusions. [J31]

"Development of electron cyclotron emission imaging system on Large Helical Device"
A combined system of microwave imaging reflectometry and electron cyclotron emission (ECE) imaging has
been developed for the Large Helical Device. This system includes a wide-band two-dimensional horn-antenna
mixer array (HMA). The HMA consists of horn antennas, waveguides, mixers, and intermediate frequency
circuits. The frequency response of the HMA is between 50 and 110 GHz. The ECE signal is selected using a
95 GHz local oscillator and a 93 GHz high-pass filter. [J32]

"Comparative study between the reflective optics and lens based system for microwave imaging
system on KSTAR"
Recently, two-dimensional microwave imaging diagnostics such as the electron cyclotron emission imaging
(ECEI) system and microwave imaging reflectometry (MIR) have been developed to study
magnetohydrodynamics instabilities and turbulence in magnetically confined plasmas. These imaging systems
utilize large optics to collect passive emission or reflected radiation. The design of this optics can be classified
into two different types: reflective or refractive optical systems. For instance, an ECEI/MIR system on the
TEXTOR tokamak [Park etal, Rev. Sci. Instrum. 75, 3787 (2004)] employed the reflective optics which consisted
of two large mirrors, while the TEXTOR ECEI upgrade [B. Tobias etal, Rev. Sci. Instrum. 80, 093502 (2009)] and
systems on DIII-D, ASDEX-U, and KSTAR adopted refractive systems. Each system has advantages and
disadvantages in the standing wave problem and optical aberrations. In this paper, a comparative study between
the two optical systems has been performed in order to design a MIR system for KSTAR. [J33]

"Antenna development for high field plasma imaging"
Electron cyclotron emission imaging (ECEI) and microwave imaging reflectometry (MIR) are two microwave
nonperturbing plasma visualization techniques that employ millimeter-wave imaging arrays with lens-coupled
planar antennas, yielding time-resolved images of temperature (via ECEI) and electron density (via MIR)
fluctuations within high temperature magnetic fusion plasmas. A series of new planar antennas have been
developed that extend this technology to frequencies as high as 220 GHz for use on high field plasma devices
with toroidal fields in excess of 3 T. Antenna designs are presented together with theoretical calculations,
simulations, and experimental measurements. [J34]

"Microwave air plasma source at atmospheric pressure: Experiment and theory"
An experimental and theoretical investigation of the axial structure of a surface wave (2.45 GHz) driven
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atmospheric plasma source in air with a small admixture (1%) of water vapor has been performed.
Measurements of the gas temperature and of the intensities of the O(777.4 nm), O(844.6 nm), and O(630 nm)
atomic lines and the NO(gamma )molecular band versus input power and axial position were carried out.
Amplitude and phase sensitive measurements have also been performed to derive the surface wave dispersion
characteristics. The experimental results are analyzed in terms of a one-dimensional theoretical model based on
a self-consistent treatment of particle kinetics, gas dynamics, and wave electrodynamics. The predicted gas
temperature and emission line intensities variations with power and axial position are shown to compare well with
experiment. "Hot" excited O atoms (with kinetic energy 2eV) have been detected. [J35]

"Strain Imaging of the Breast by Compression Microwave Imaging"
A method that uses microwave pulses to achieve strain imaging of the breast is presented. In the proposed
method, the breast is inserted in an enclosure that defines the boundary conditions for the breast deformation
under the influence of external pressure. The upper plate of the enclosure, which also includes an antenna
array, is attached to a compression tool, whereas the lower and the front plates are fixed. The breast is allowed
to extend in the lateral direction when pressed by the top plate. Each of the antennas at the top plate is used to
send an ultrawideband pulse to penetrate the breast and measure the backscattered pulse. Two sets of
measurements are taken: one pre- and another post-compression of the breast. A sliding window of cross
correlation is then performed on the two sets of data to establish the time delay of each segment of the
scattered pulse due to compression. That time delay is then employed to get a three-dimensional strain image of
the breast. As lesion tissue is typically much stiffer than normal breast tissue, then regions of low or zero strain
indicate areas in need of further diagnostic checks. Full-wave simulations are used to validate the presented
imaging method. [J36]

"Report on MSMW'2010 and TERATECH'2010"
The International Kharkov Symposium on Physics and Engineering of Microwaves, Millimeter, and Sub-Millimeter
Waves (MSMW) is now a well-known event, which is conducted regularly once every three years. This
Symposium has a long history. In fact, the MSMW Symposium grew from a series of conferences on millimeter
and sub-millimeter waves that were held from time to time in the USSR since 1974 in the Russian language.
These conferences played an important role for research and development in these wavelength ranges. At that
time, they were the only widely available forum that was attended by the leading scientists and engineers of the
involved organizations from all over the USSR. It must be admitted that then, mm-wave research and
development was considered a sensitive defense-related area, and the conferences were usually supervised by
defense or double-purpose ministries of the USSR. A number of mm-wave radar, propagation, and
communication projects were performed for the military. Sub-mm research and development was in fact
concentrated around development of multi-channel interferometers-polarimeters, particularly for hot-plasma
diagnostics in Tokomak nuclearfusion machines. [J37]

"New frequency translation technique for FM-CW reflectometry"
In broadband microwave reflectometry, coherent detection is widely used to obtain the phase information and to
improve the systems sensitivity, both in diagnostics measuring the electronic density profile and plasma
fluctuations. Coherent detection uses a translated version of the probing signal to guarantee a stable
intermediate frequency. Here, a novel technique to generate the frequency translation by double frequency
conversion is presented and its advantages over the commonly used single frequency conversion techniques
employing image rejection mixers are discussed. The results obtained with the new frequency translator modules
developed for the three JET FM-CW reflectometers, operating successfully at JET since mid-2009, are
presented. [J38]

"Correlation reflectometry at TEXTOR"
In high temperature fusion plasmas the transport of energy and particles is commonly believed to be driven by
turbulence. Turbulence quantities as correlation length and decorrelation time are important for the confinement
properties of a plasma. Besides other diagnostics, correlation reflectometry has proven to be a suitable tool for
the measurement of turbulence properties. At the medium sized Toroidal EXperiment for Technical Oriented
Research (TEXTOR) the existing correlation reflectometry has been recently upgraded. A new reflectometer
based on a microwave synthesizer has been developed and installed for the investigation of turbulence
properties in a fusion plasma. Together with the existing reflectometer the measurement of radial correlation
length and decorrelation time becomes available. Both reflectometers are computer controlled and allow to
program individual frequency sequences and the duration of each frequency step. With the existing poloidal
antenna array at theta =0°and on top of the vacuum vessel, the system allows the measurement of radial
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correlation and poloidal correlations at the same time. First experiments have been performed and the results on
the radial correlation length of density fluctuations in a fusion plasma are presented. [J39]

"Electrical double layers at shock fronts in glow discharges and afterglows"
This paper examines the propagation of spark-generated shockwaves (1.0<Mach<2.0)into argon and nitrogen
glow discharges and their afterglow. Diagnostic methods were employed and expanded in order to capture the
dynamics of the shock front in these weakly-ionized, nonmagnetized, collisional plasmas. We used a microwave
hairpin resonator to measure the electron number density, and, for all cases, we measured an increase in the
electron number density at the shock front. By comparing the increase in electron number density at the shock
front in the active discharge and in the afterglow, we conclude that electrons with a temperature much greater
than room temperature can be compressed at the shock front. The ratio of electron number density before and
after the shock front can be approximately predicted using the Rankine-Hugoniot relationship. The large gradient
in electron density, and hence a large gradient in the flux of charged species, created a region of space-charge
separation, i.e., a double layer, at the shock front. The double layer balances the flux of charged particles on
both sides of the shock front. The double layer voltage drop was measured in the current-carrying discharge
using floating probes and compared with previous models. As well, we measured argon 1s5metastable-state
density and demonstrate that metastable-state neutral species can be compressed across a shock front and
approximately predicted using the Rankine-Hugoniot relationship. [J40]

"Diagnostics and modeling of CH 4 -CO 2 plasmas for nanosmooth diamond deposition:
Comparison to experimental data"
Microwave plasma-assisted chemical vapor deposition of very smooth diamond coatings is an important process
for various applications including mechanical and micromechanical systems and acoustic wave devices.
Nanosmooth coatings have been deposited from CH4-CO2gas mixtures at moderate temperature, the order of
600 °C. In order to increase the knowledge of the process and the control of the final characteristics of the films,
a modeling of these plasmas is necessary. This has been carried out here from the prior determination of the
plasma parameters. Optical emission spectroscopy was used in order to determine the gas kinetic temperature.
Microwave interferometry and Langmuir double probe were used to determine the electron density and the
electron temperature, respectively. All these experimental data have been obtained for a wide range of external
parameters, such as the inlet composition, the pressure, the gas flow rate, and the power injected in the plasma.
Then modeling of CH4-CO2plasmas was developed by coupling chemical kinetics with a two-dimensional
description of hydrodynamics and a surface-wall recombination of main radicals. The kinetic description of the
CH4-CO2plasmas was done by combining a specific mechanism of dissociation by electrons to a slightly
modified version of a combustion mechanism for neutral-neutral interactions. This model has been validated by
comparing the calculated species concentrations and the experimental results obtained by molecular beam mass
spectrometry as a function of various external parameters. The influence of the inlet composition at three
microwave power densities has been especially emphasized here. The calculations are in good agreeme- nt with
the experimental results. It is shown that among the various parameters that influence the diamond growth from
CH4-CO2plasmas, the power density injected in the plasma is very important as it changes strongly the degree
of completion of the chemical system and then the deposition conditions. [J41]

"Spectroscopic Analysis of Microwave-Generated Plasmas"
Aiming at understanding and controlling the major mechanisms and processes in microwave-generated plasmas,
the ground-state densities of the most relevant atomic species and their spatial distributions were determined in
these plasmas. They can be measured by optical emission and absorption spectroscopy. Similar to the
determination of the silicon ground-state density from the analysis of the self-absorbed spectral lines of the
silicon ground-state multiplet 3p23P-3p4s3P0in the ultraviolet range at about 251 nm, the neutral concentrations
of other species like carbon and titanium were evaluated from further spectroscopic analyses. Furthermore, the
spatial distributions were explored in detail. New developments of microwave-generated plasma sources and
their optical emission spectroscopy to investigate the kind of species in the plasmas, as well as the gas and
excitation temperatures, are also presented. [J42]

"Short-Pulse High-Power Microwave Surface Flashover at 3 GHz"
High-power microwave (HPM)-induced surface flashover is investigated in order to gain a better understanding
of this phenomenon and reduce the limitations it imposes on transmitted power levels. This paper builds on
previous testing using a magnetron producing 5 MW for 4 mus at 2.85 GHz. Both the previous and current
experimental setups are designed to produce a flashover on the high-pressure side of a transmission window
without the influence of a triple point. The limitations of the previous experiment included a maximum power of 5
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MW and a pulse rise time of 50 ns. The current HPM source is an experimental virtual cathode oscillator
(vircator), the output of which has been extensively characterized. The vircator is capable of producing 50-MW
peak for 100 ns with an adjustable frequency from 3 to 5 GHz and a rise time of < 4 ns. The dominant modes of
the vircator and magnetron are the circular TE11and rectangular TE10modes, respectively, with the major
electric field component in both setups normal to the direction of propagation, yielding comparable field
geometries at the transmission window. The experimental setup permits the study of factors, including gas
pressure, composition, temperature, and air speed. Diagnostic equipment allows the analysis of power levels and
flashover luminosity with subnanosecond resolution. Additional experimental results, including a detailed analysis
of the flashover delay times under various conditions, are compared with data from literature and previous
testing. A trend of increasing delay time with pressure is clearly observable, and Eeff/p versus p * r data fall
within what has been previously observed in literature primarily for HPM volume breakdown. [J43]

"Initiation and propagation of the negative leader in transformer oil under impulse voltage"
The complex experimental studies of the discharge mechanism in transformer oil under negative polarity (NP) of
the lightning impulse were carried out using alternative diagnostic methods. Novel data concerning propagation
mechanism and parameters of the predischarge channels were obtained. The results indicate that oil breakdown
both under negative and positive polarities are similar in a number of properties to the breakdown in the long air
gaps. [J44]

"Measurement of the electron density in a microwave plasma torch at atmospheric pressure"
The electron density in a microwave plasma torch at atmospheric pressure was measured with a Mach-Zehnder
interferometer. The electron density is on the order of 1017/cm3, one order higher than that deduced from the
Stark broadening of spectral lines, and increases with the increase in the microwave power. The spatial
distribution of the electron density was obtained. The highest electron density locates at the symmetrical axis of
the plasma torch and decreases radially. It was found that the electron density fluctuates within a range of 0.3
with the time under the same experimental conditions. [J45]

"Effects of CsI Coating of Carbon Fiber Cathodes on the Microwave Emission From a Triode Virtual
Cathode Oscillator"
We discuss the effects of cesium iodide (CsI) coating of carbon fiber cathodes on the microwave emission from
a triode virtual cathode oscillator. As compared with the uncoated cathode, the CsI-coated carbon fiber cathode
significantly improved the diode performance and, most notably, lengthened the microwave pulse, from 150 to
200 ns. The light emission from the diode, the diode perveance, and the diode gap change were introduced to
explain the observed extension of microwave pulse. After CsI coating, the carbon fiber cathode exhibited the
absence of strong plasma, a slow plasma expansion velocity, and an almost unchanged diode gap during the
main voltage pulse. It was found that heavy plasma ions, slow plasma expansion velocities, and long microwave
pulses tend to be closely tied. These results show that, given a proper diode design, the carbon fiber cathodes
with CsI coating have great promise for generating long-pulse microwave radiation. [J46]

"Low-Power Microwave Plasma Conductivity"
Plasma conductivity is of general interest for both fundamental research and specific applications. For this
purpose, plasma equivalent impedance and complex conductivity are measured at 2.2 GHz, at pressures
between 1 and 103mbar, as a function of microwave power in a slot-type resonator, predominantly capacitively
coupled to plasma. The plasma impedance is self-adjusting, maintaining a quasi-constant microwave amplitude.
The sign of the imaginary part of the impedance (or conductivity) depends on pressure and, consequently, on
electron density. The reactive part becomes significant if the Debye length is comparable with the size of the
resonator and the plasma frequency is close to the microwave driving frequency. [J47]

"Diagnostic of phased arrays with faulty elements using the mutual coupling method"
The ability to calibrate phased array antennas by utilising the mutual coupling method (MCM), which takes
advantage of the mutual coupling effect between adjacent elements, is addressed. The basic assumption of the
method is that the mutual coupling between adjacent elements is equal for all elements in the array and its
major deficiency is its failure in the case of faulty elements. A parametric study to identify the effect of faulty
elements in the array has been conducted. It has been shown that displacement of one element in the array may
cause a significant error in the calibration, which affects its radiation characteristics (increase in the far side lobe
level). The main contribution is the presentation of the effect of faulty elements in the calibration process and the
proposal of a way to detect and bypass the faulty elements in a phased array calibrated by the MCM. [J48]
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"Design of a Microwave Microplasma Source at Atmospheric Pressure"
This paper studies two linear resonator sources, which use a continuous 2.45-GHz microwave excitation to
produce stable microplasmas, in air and in argon, at atmospheric pressure. The discharges are produced and
sustained within the 50-200-mum gap created between two metal electrodes with either 6 or 14 mm in length.
Particular attention is given to the design and optimization of the sources (in terms of frequency tuning and
power coupling), following a complementary approach based on simulations and experiments. Optical-emission-
spectroscopy diagnostics allow one to deduce the rotational, vibrational, and excitation gas temperatures and the
electron density (using Stark broadening measurements of the Hbetaline-emission profile). [J49]

"A Cost-Effective UHF RFID Tag for Transmission of Generic Sensor Data in Wireless Sensor
Networks"
The use of RF identification (RFID) technology for the automatic transmission of physical parameters in wireless
sensor networks paves the way to a large class of attractive applications ranging from healthcare to automotive,
diagnostic systems, robotics, and many others. Nevertheless, although some RFID tags capable to transmit
sensor-like information are already on the market, only a limited number of sensors, such as those for
temperature or pressure measurement, can be easily miniaturized and embedded in the RFID chip. The
integration of more complex sensors, in fact, appears to be complicated and extremely expensive. In this paper,
a cost-effective general-purpose multi-ID tag is proposed. It can be connected to generic sensors, regardless of
the actual measured value, and it is capable to transmit, when interrogated by a standard RFID reader, a proper
combination of ID codes that univocally codifies the sensor measured value. The functionalities of this device
have been extensively validated under stressing conditions and the capability to transmit whatever kind of sensor
data has been demonstrated. [J50]

"Spatial nonuniformity of electron energy in a microwave atmospheric-pressure microplasma"
The characteristics of the electron energy in a microwave atmospheric-pressure argon microplasma are
investigated by a spatially resolved optical emission spectroscopy. By adding tiny amount of xenon ( 1ppm)as
tracer gas into the argon discharge, it is found that the spatial distribution of the electrons with energy 8.3eVis
quite different from that of the electrons with energy 11.5eV. Spatial distribution of the population ratio between
4pand 5plevels of Ar atom is also determined. Furthermore, with a collisional-radiative model, it is found that the
spatial variation of this population ratio is mainly attributed to the spatial nonuniformity of the effective electron
temperature. [J51]

"Temporal behavior of cold atmospheric plasma jet"
Temporally resolved evolution of parameters in atmospheric plasma jet is studied by means of microwave
scattering, fast photographing, and measuring of jet currents. It is observed that streamer ("plasma bullet")
propagating along with gas flow is generated immediately after the breakdown. It is demonstrated that an
afterglow plasma column remains on the way of streamer passing. Lifetime of the afterglow plasma column is 3-
5mu s, which is longer than that of the streamer. [J52]

"Optical Emission Characteristics of Atmospheric-Pressure Nonequilibrium Microwave Discharge
and High-Frequency DC Pulse Discharge Plasma Jets"
With an aim to understand the mechanism of surface processing by atmospheric-pressure nonequilibrium
discharge plasma jets, we measured the vibrational and rotational temperatures in the plasmas by means of
optical emission spectroscopy (OES) measurement method. This paper focuses on the OES measurement
method using a torch-shaped atmospheric-pressure nonequilibrium discharge plasma jet power supply consisting
of a microwave (2.45-GHz) generator and a high-frequency (5.0-10-kHz) dc pulse power supply, using a gas
mixture of Ar (8.0 L/min) and N2(0.1-0.5 L/min) as the discharge plasma gas, and changing the flow rate of
N2gas at the input power of 100-150 W. Upon comparing vibrational and rotational temperatures (0.18-0.27 eV)
determined from the OES measurement method using two types of atmospheric-pressure nonequilibrium
discharge plasma jets, results indicate that the microwave discharge plasma jet has considerably low vibrational
and rotational temperatures. [J53]

"Development of New X-Ray Source Based on Carbon Nanotube Field Emission and Application to
the Non Destructive Imaging Technology"
In the present work, a new concept of X-ray source was developed. The conventional thermionic tungsten
filament tube is commonly available in various fields of application, such as, medical diagnostic and therapy

"Microwave Diagnostics" («СВЧ диагностика»)

(c) В.И. Карнышев, ПИО ТУСУР, 2011 Страница 11 из 93



system, microwave amplifier, non-destructive testing (NDT) technology, and so on. However, it has intrinsic
problems such as high power consumption, very low X-ray efficiency, and out-gassing problems. Therefore, in
the present study a new carbon nanotube (CNT) based X-ray source was developed as a substitute for the
conventional one. The new X-ray source consists of three major parts. The CNT electron field emitter was
employed as a cathode, a very thin metal mesh as a grid to extract electrons from the CNT, and finally a
molybdenum embedded copper target as an anode to accelerate electrons. A supplementary electrostatic
focusing lens was employed in the tube to focus the electron beam on the anode target. A detailed description
of the tube structure as well as electron beam characteristics is presented in this study. In addition, preliminary
X-ray images obtained by using the CNT X-ray tube are presented. [J54]

"Multichannel microwave interferometer for the levitated dipole experiment"
A four-channel microwave interferometer (center frequency: 60 GHz) has been constructed to measure plasma
density profiles in the levitated dipole experiment (LDX). The LDX interferometer has a unique design owing to
the unique geometry of LDX. The main design features of the interferometer are: (1) the transmitted beam
traverses the plasma entirely in O-mode; (2) the interferometer is a heterodyne system employing two free-
running oscillators; (3) four signals of data are received from just on transmitted beam; (4) phase shifts are
detected in quadrature. Calibration tests demonstrate that the interferometer measures phase shifts with an
uncertainty of approximately 5°. Plasma densities in LDX corresponding to phase shifts of up to 5pi are routinely
and successfully measured. [J55]

"A system to investigate the remediation of organic vapors using microwave-induced plasma with
fluidized carbon granules"
This article describes a system to investigate the parameters for the remediation of organic vapors using
microwave-induced plasma on fluidized carbon granules. The system is based on a single mode microwave
apparatus with a variable power (2.45 GHz) generator. Carbon granules are fluidized in a silica tube situated in
the sample section of a waveguide incorporating two additional ports to allow plasma intensity monitoring using a
light sensor and imaging with a digital camera. A fluoroptic probe is used for in situ measurement of the carbon
granule temperature, while the effluent gas temperature is measured with a thermocouple situated in the silica
tube outside the cavity. Data acquisition and control software allow experiments using a variety of microwave
power regimes while simultaneously recording the light intensity of any plasma generated within the carbon bed,
together with its temperature. Evaluation using two different granular activated carbons and ethyl acetate,
introduced as a vapor into the fluidizing air stream at a concentration of 1 ppm, yielded results which indicated
that significant destruction of ethyl acetate, as monitored using a mass spectrometer, was achieved only with the
carbon granules showing high plasma activity under pulsed microwave conditions. The system is therefore
suitable for comparison of the relative microwave activities of various activated carbon granules and their
performance in microwave remediation and regeneration. [J56]

"Chromatic-free spatially resolved optical emission spectroscopy diagnostics for microplasma"
A chromatic-free spatially resolved diagnostic system for microplasma measurement is proposed and
demonstrated, which consists of an optical chromatic-free microscope mirror system, an electron multiplying
charge coupled device (EMCCD), and bandpass filters. The diagnostic system free of chromatic aberrations with
a spatial resolution of about 6mcmis achieved. The factors that limit the resolution of this diagnostic system have
been analyzed, which are optical diffraction, the pixel size of the EMCCD, and the thickness of the microplasma.
In this paper, the optimal condition for achieving a maximum resolution power has been analyzed. With this
diagnostic system, we revealed the spatial nonuniformity of a microwave atmospheric-pressure argon
microplasma. Furthermore, the spatial distribution of the time-averaged effective electron temperature has been
estimated from the intensity distributions of 750.4 and 415.8 nm emissions. [J57]

"Radio-frequency electromagnetic field measurements for direct detection of electron Bernstein
waves in a torus plasma"
To identify the mode-converted electron Bernstein wave (EBW) in a torus plasma directly, we have developed
an interferometry system, in which a diagnostic microwave injected outside of the plasma column was directly
detected with the probing antenna inserted into the plasma. In this work, plasma production and heating are
achieved with 2.45GHz, 2.5kWelectron cyclotron heating (ECH), whereas diagnostics are carried out with a
lower power (10W)separate frequency (1-2.1GHz)microwave. Three components, i.e., two electromagnetic
(toroidal and poloidal directions) and an electrostatic (if refractive index is sufficiently higher than unity, it
corresponds to radial component), of ECRF electric field are simultaneously measured with three probing
antennas, which are inserted into plasma. Selectivities of each component signal were checked experimentally.
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Excitation antennas have quite high selectivity of direction of linear polarization. As probing antennas for
detecting electromagnetic components, we employed a monopole antenna with a length of 35mm, and the
separation of the poloidal (O-wave) and toroidal (X-wave) components of ECRF electric field could be available
with this antenna. To detect EBW, which is an electrostatic wave, a small tip (1mm)antenna was used. As the
preliminary results, we detected signals that have three characteristics of EBW, i.e., short wavelength, backward
propagation, and electrostatic. [J58]

"Investigation of the Scattering Efficiency in Doppler Reflectometry by Two-Dimensional Full-Wave
Simulations"
Two-dimensional full-wave simulations of Doppler reflectometry in slab and curved geometries have been carried
out with the finite-difference time-domain code IPF-FD3D. The goal is to find the instrument response function of
the reflectometer that allows the recovery of the poloidal plasma-density-fluctuation-wavenumber spectrum by
Doppler reflectometry at different angles of incidence. Apart from nonlinearities caused by high fluctuation levels,
the scattering process is found to be strongly dependent on the angle of incidence on the cutoff layer, the beam
parameters, and the plasma-density gradient length. In addition, the code was applied to the actual geometry of
an ASDEX-Upgrade plasma. [J59]

"Electronic paramagnetic resonance power saturation of wooden samples"
The deterioration of wood used for artifacts of artistic interest involves the production of different free radicals
from the macromolecules of the wooden matrix (cellulose, lignin, and hemicellulose). Among the techniques able
to provide information about these free radicals, the contribution of electronic paramagnetic resonance (EPR) can
be very valuable. In this paper, the study of EPR signals (with g≈2) of both modern and ancient wooden taxa
was undertaken in order to analyze some features of the free radicals in natural wood. In particular, we have
studied the microwave power saturation behaviors of seasoned wooden samples from ten species, and we have
found remarkable differences between softwoods and hardwoods. These differences can be correlated to
dissimilarities in the relaxation times T1and T2attributable to the different microscopic structures of the two trees'
categories. The method has been also applied to ancient woods belonging to works of art in order to assess the
conservation state of these artifacts. The analysis of the saturation curves has been found to be sensitive to the
wood decay state. Indeed the deterioration process of the wooden matrix involves a variation of the relaxation
times; this could be ascribed to both possible structure modifications and to concentration increments of the free
radicals inside ancient woods due to decay induced by natural (biological, chemical, and physical) agents. This
analysis method seems to be promising for the characterization of the wooden decay state and, therefore, it
could provide valuable diagnostic indications which are necessary for the restoration and conservation of many
artifact of historical-artistic-archaeological interest. [J60]

"Short pulse, high power microwave radiation source with a laser-induced sheet plasma mirror"
We have demonstrated the short pulse, high power microwave radiation source using an ultraviolet laser-
induced sheet plasma mirror in a gas-filled x-band rectangular waveguide from the conventional microwave
sources and components. A laser-induced sheet plasma with an overdense plasma acts as a plasma mirror. The
long pulse propagating in the gas-filled waveguide was sliced by the sheet plasma mirror at two different points
along the waveguide. We observed about twice the power of the pulse by adding the two sliced microwave
pulses produced by this scheme. A maximum peak power of 200 kW with a pulse duration of 10 ns (full width at
half maximum) from the long microwave pulse source with a pulse duration of 0.8mu swas observed. [J61]

"Characterizations of strip-line microwave micro atmospheric plasma and its application to
neutralization"
In this work, we estimate the plasma parameters of strip-line microwave micro atmospheric plasma (SMMAP)
such as rotational temperature (Tr)both from OH and N2rotational transitions (610-770 and 770-980 K in Ar,
respectively), electron density (Ne)from Stark broadening (about 1013/cm3in mixture of Ar and H2), and the
distribution of electric field before ignition of SMMAP (5×104V/mat maximum, and applied voltage less than 5 V).
Since the lower applied voltage of SMMAP might enable us to conduct efficient processing without electrostatic
damage (ESD), we applied jet-type SMMAP to neutralization. The result of neutralization showed that it can
reduce surface charge from ±1000 to ±100 V for 0.2 s at 10 W with Ar gas flow within 4 V offset voltage, which
provides efficient plasma processing without ESD. [J62]

"Doppler reflectometer system in the stellarator TJ-II"
A Doppler reflectometer system has recently been installed in the stellarator TJ-II. The system is optimized for
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the Q-band (33-50 GHz) and the high-curvature plasmas produced in TJ-II. The launch angle of the microwave
beam can be controlled by a steerable mirror to obtain angles between ±20° enabling the measurement of
perpendicular wave numbers in the range of 3-15cm-1. The available angular range allows for comparisons
between positive and negative values and additionally for calibration of the system. Localization and k -
estimation is done via the three-dimensional ray/beam-tracing code TRUBA. First measured spectra and radial
profiles of the perpendicular velocity of plasma density fluctuations are presented. [J63]

"Measurements of plasma potential in high-pressure microwave plasmas"
Plasma potential of a high-pressure ( 1Torr)microwave-generated argon plasma is measured using a Langmuir
probe and a cold emissive probe. The operation of a hot emissive probe in a high-pressure plasma has been
very difficult due to frequent burn-outs and significantly reduced lifetime of the probe filament, which, in turn,
limits the possibility of collecting a wide range of data. The I-Vcharacteristics from both Langmuir and emissive
probes are interpreted using the collisionless probe theory since the collision correction factor is not very
significant. The plasma potential determined from both Langmuir and cold emissive probe characteristics agrees
well with one another and is observed to be dependent on the operating gas pressure but relatively unchanged
as a function of the microwave power. An average plasma potential determined over the operating range of
microwave powers varies nonlinearly with the gas pressure. [J64]

"Compact microwave re-entrant cavity applicator for plasma-assisted combustion"
The design and experimental operation of a compact microwave/rf applicator is described. This applicator
operates at atmospheric pressure and couples electromagnetic energy into a premixed CH4/O2flame. The
addition of only 2-15 W of microwave power to a premixed combustion flame with a flame power of 10-40 W
serves to extend the flammability limits for fuel lean conditions, increases the flame length and intensity, and
increases the number density and mixture of excited radical species in the flame vicinity. The downstream gas
temperature also increases. Optical emission spectroscopy measurements show gas rotational temperatures in
the range of 2500-3600 K. At the higher input power of ≥10Wmicroplasma discharges can be produced in the
high electric field region of the applicator. [J65]

"Validating optical emission spectroscopy as a diagnostic of microwave activated CH 4 /Ar /H 2
plasmas used for diamond chemical vapor deposition"
Spatially resolved optical emission spectroscopy (OES) has been used to investigate the gas phase chemistry
and composition in a microwave activated CH4/Ar/H2plasma operating at moderate power densities ( 30W cm-
3)and pressures (≤175Torr)during chemical vapor deposition of polycrystalline diamond. Several tracer species
are monitored in order to gain information about the plasma. Relative concentrations of ground state H
(n=1)atoms have been determined by actinometry, and the validity of this method have been demonstrated for
the present experimental conditions. Electronically excited H (n=3and 4) atoms, Ar (4p)atoms, and C2and CH
radicals have been studied also, by monitoring their emissions as functions of process parameters (Ar and
CH4flow rates, input power, and pressure) and of distance above the substrate. These various species exhibit
distinctive behaviors, reflecting their different formation mechanisms. Relative trends identified by OES are found
to be in very good agreement with those revealed by complementary absolute absorption measurements (using
cavity ring down spectroscopy) and with the results of complementary two-dimensional modeling of the plasma
chemistry prevailing within this reactor. [J66]

"Measured Antenna Response of a Proposed Microwave Tomography System Using an Efficient 3-
D FDTD Model"
This letter presents a detailed study of a microwave tomography system using 3-D finite-difference time-domain
methods (FDTDs). The algorithm, which uses a subcell model in form of the thin-wire approximation to model
wire antennas, has been validated numerically using published numerical electromagnetic code (NEC) data for
dipole antennas, and experimentally by comparing with measurements obtained for a monopole antenna array.
The agreement between calculated and measured performances of the monopoles is close. In order to
understand the fabrication tolerance, a parametric study was performed with regards to position of ground plane
and grid size. It is found that the ground plane plays an important role in the performance of the monopole
antennas. The excellent agreement is very promising for future deployment of the algorithm in 3-D microwave
tomography applications. [J67]

"Effect of microwave frequency on breakdown and electron energy distribution function using a
global model"
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Global models (GMs) have proven a key modeling tool for the plasma processing field due to simplicity and
speed. However, a GM requires specification of the electron energy distribution function (EEDF). The assumption
of a Maxwellian EEDF leads to inaccurate reaction rate coefficients and results in error in plasma parameter
prediction in high power microwave (HPM) driven discharges. Recently, a GM was developed with a pressure-
independent enhanced EEDF to improve fidelity for modeling HPM breakdown. In this work, the GM is extended
to 2 decades in frequency, and the frequency effect on HPM breakdown and the EEDF is investigated. [J68]

"Visual phenomena of surface plasmon polaritons at the dielectric-plasma interface"
Some interesting experiment phenomena of light patterns that appear in microwave plasma have been
investigated. The wavelength of surface plasmon polaritons (SPPs) at the dielectric-plasma interface as the
functions of incident wave frequency and plasma density has been calculated. The comparison of the experiment
results with the calculating results has been carried out. By experimentally and theoretically analyzing, the
phenomena are considered to be caused by the surface wave of SPPs at the interface between Pyrex wall and
plasma. [J69]

"Materials characteristics and surface morphology of a cesium iodide coated carbon velvet
cathode"
Cesium iodide (CsI) coated carbon fiber cathodes have shown promise as a cold cathode for microwave and x-
ray devices. In particular, the cathodes have demonstrated over 1 000 000 shots lifetime at operating voltages at
or in excess of 165 kV and current densities greater than 25A/cm2. While the vacuum emission characteristics
have been well studied, the materials characteristics of the cathodes themselves, particularly after operation,
have received little attention. Furthermore, while researchers at University of Wisconsin have demonstrated a
reduction in work function of carbon due to the CsI coating, the details of the emission mechanism remain poorly
understood. This article gives results of a series of materials diagnostics investigating the cathode surface
morphology as well as the changes in the carbon fiber structure with cathode shot history. We demonstrate that
the cathode surface undergoes several changes in relation to the bond line along the fiber-substrate interface as
well as at the fiber tips. While the exact mechanisms leading to these changes have not been determined, we
offer several possible explanations for the changes, as well as the means by which these mechanisms can be
ascertained. [J70]

"Direct measurement of spatial electron density oscillations in a dual frequency capacitive plasma"
The spatio-temporal electron density oscillation in a narrow gap dual frequency (27.12 and 1.937 MHz)
capacitive discharge has been measured for the first time by using a floating microwave hairpin resonance
probe. By measuring the probe's resonance frequency in a space and phase-resolved manner, we observe
significant oscillation in electron density at both drive frequencies throughout the region between the parallel
plate electrodes. The observed phenomenon is attributed to the influence of presheath electric fields of the
opposing electrodes in alternate fashion. [J71]

"Probe measurements in a nonstationary plasma"
Single and double probes are simple and common tools for plasma measurements. In the case of nonstationary
plasmas, the values of the plasma density obtained with these tools may differ significantly from the correct
values measured, e.g., by microwave methods. The reason for such discrepancy could be the Bohm criterion
failure during the plasma transition to the steady state. Indeed, the Bohm criterion, which is commonly used as a
boundary condition at the plasma-sheath edge, directly determines the ion saturation current to the probe
surface. The transition-time duration is studied and explained quantitatively for various plasmas produced by a
version of a ferroinductor-coupled plasma source, which has its magnetic core fully immersed in the plasma.
Corresponding conversion factors for probe measurements have been evaluated. Also, the influence of a certain
amount of "hot" non-Maxwellian electrons on probe characteristics has been investigated. [J72]

"Crystal structure, Raman spectroscopy, far-infrared, and microwave dielectric properties of (1-x)La
(MgSn )0.5 O 3 -xNd (MgSn )0.5 O 3 system"
The complex perovskite system (1-x)La(MgSn)0.5O3-xNd(MgSn)0.5O3with the composition (x=0-1)was
prepared by the solid state reaction method. Structural and spectroscopic studies were carried out to understand
the variation of dielectric properties with x. Rietveld refinement was carried out with the initial model obtained by
using the structure prediction and diagnostic software. The symmetry of the compositions was determined to be
monoclinic with space group P21/n, which corresponds to the a-a-c+tilting system, and the long-range order
parameter was found to decrease with an increase in neodymium concentration. Raman spectra were analyzed
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by fitting the A1g-like mode to a Lorentzian peak shape. Intrinsic dielectric parameters were estimated by fitting
infrared reflectance spectra with the four-parameter semiquantum model. Transverse optic phonon mode
strengths and average phonon damping were calculated. The origin of increase in the intrinsic loss with the
composition variation is discussed. Microwave measurements were carried out in the frequency range of 9-11
GHz. The dielectric constant decreases and the temperature coefficient of resonant frequency becomes less
negative with the increase in neodymium concentration. [J73]

"A microwave-induced plasma source: Characterization and application for the fast deposition of
crystalline silicon films"
A microwave-induced plasma source is developed and is applied for the fast deposition of crystalline silicon
films. In this paper, the plasma source is diagnosed first. Electron density, electron temperature, and discharge
gas temperature of the plasmas generated in ambient air are studied using the optical emission spectroscopy
method. The electron density is estimated by analyzing the Stark broadening of the hydrogen Hbeta emission
profile and is found to be as high as 1015cm-3over wide conditions. The Boltzmann plot method is used to
calculate the electron temperature, which shows a value smaller than 1 eV. Analysis of the rotational structure of
OH molecular emission reveals a discharge gas temperature in a range of 400-800 °C. Preliminary efforts of
using the plasma source for Si film fast deposition are performed at a reduced pressure by using SiCl4as the
source gas. A fast deposition rate of 150 nm/s has been achieved for Si film with a high Raman crystallinity of
Ic/Ia 10even without using substrate heating and under a low H2dilution condition. Mechanisms for these results
are discussed in detail. [J74]

"Attenuation of microwaves propagating through parallel-plate helium glow discharge at
atmospheric pressure"
The experimental study of microwave-plasma interaction has been performed to demonstrate the transmission
and attenuation of microwaves in atmospheric pressure glow discharge plasma. The cold-collisional plasma
produced at atmospheric pressure can absorb the microwave energy because of its complex dielectric constant.
The microwave of 10 GHz frequency was launched into the plasma and attenuation was measured as a function
of electron plasma density, plasma thickness, electron-neutral collision frequency, etc. It was observed that the
attenuation significantly depends on electron plasma density and thickness. The microwave attenuation
measurement was also used as a diagnostic to estimate electron plasma density. It was validated by optical
emission spectroscopic measurements with helium line intensity ratio method. Both the methods show good
agreement. [J75]

"Development of microwave imaging reflectometry in large helical device"
Three key devices of the microwave imaging reflectometry (MIR) are under development in large helical device
(LHD). The 2-D mixer array is developed by stacking the one-dimensional array of the planar Yagi-Uda antenna.
The new type of the bandpass filter bank is modified to match the requirement of the MIR. The low-cost
quadrature demodulator is also developed for the phase detection system. By using the low-price commercial
wireless devices, the development cost becomes much lower than the expensive waveguide system. These
devices enable the development of 2-D/3-D microwave imaging system for the plasma diagnostics and industrial
applications. [J76]

"V -band frequency hopping microwave reflectometer in LHD"
In order to measure the internal structure of fluctuation, the broadband frequency tunable system, which has the
ability of fast and stable hopping operation, is applied in the Large Helical Device. One of the important issues of
density fluctuation measurements using this reflectometer is the study of energetic particle driven
magnetohydrodynamics instability. During one plasma discharge, the launching frequency changes from one
frequency to another frequency, which this operation is called as frequency hopping, and the cutoff position can
be scanned in the wide area. As a hopping source, a synthesizer is used because it has a quite stable and low
phase noise. The frequency component of the source output is multiplied to V-band (50-75 GHz) region for
plasma measurements in extraordinary mode polarization. Also this system has a heterodyne detection with
single side band frequency modulation for sensitive phase and amplitude measurement. We can obtain the radial
profile of Alfven eigenmodelike oscillation in a neutral beam injected plasma. [J77]

"Application of reflectometry power flow for magnetic field pitch angle measurements in tokamak
plasmas (invited)"
Reflectometry has successfully demonstrated measurements of many important parameters in high temperature
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tokamak fusion plasmas. However, implementing such capabilities in a high-field, large plasma, such as ITER,
will be a significant challenge. In ITER, the ratio of plasma size (meters) to the required reflectometry source
wavelength (millimeters) is significantly larger than in existing fusion experiments. This suggests that the flow of
the launched reflectometer millimeter-wave power can be realistically analyzed using three-dimensional ray
tracing techniques. The analytical and numerical studies presented will highlight the fact that the group velocity
(or power flow) of the launched microwaves is dependent on the direction of wave propagation relative to the
internal magnetic field. It is shown that this dependence strongly modifies power flow near the cutoff layer in a
manner that embeds the local magnetic field direction in the "footprint" of the power returned toward the launch
antenna. It will be shown that this can potentially be utilized to locally determine the magnetic field pitch angle at
the cutoff location. The resultant beam drift and distortion due to magnetic field and relativistic effects also have
significant consequences on the design of reflectometry systems for large, high-field fusion experiments. These
effects are discussed in the context of the upcoming ITER burning plasma experiment. [J78]

"Investigation of H-production by surface interaction of the plasma generated in "Camembert III"
reactor via distributed electron cyclotron resonance at 2.45 GHz (abstract)"
When considering the state-of-the-art on H-ion sources, ions can be produced either by plasma-surface
interaction and/or inside the plasma volume. For the production of negative ions by surface ionization, a low work
function material is required. For this purpose, cesium has been used in many cases at LBNL, JAEA, KEK, and
in other facilities [M. Bacal, Nucl. Fusion 46, 250 (2006)]. Despite an enhancement in the negative ion
production (by a factor of 2.5 in JAEA source), the use of cesium could lead to many drawbacks in the plasma
functioning of ITER, for example. An alternative material to cesium could lead to an important improvement for
negative ion source.For this purpose, both theoretical and experimental studies must be undertaken. Surface
mechanisms have to be taken into account both for creation and loss mechanisms: (i)By recycling the atomic
hydrogen into highly vibrationally excited molecular hydrogen via recombinative desorption on specific surfaces
(fresh tantalum on surface increases the negative ion density [M. Bacal, A. A. Ivanov, Jr. etal, Rev. Sci. Instrum.
75, 1699 (2004)] by more than 60%). It has been shown for a rigid substrate model that both the recombination
cross section and the degree of vibrational excitation are highly sensitive to the nature of the surface [B. Jackson
and D. Lemoine, J. Chem. Phys. 114, 474 (2001)].(ii)By surface passivation, which could lead to a substantial
decrease in H2(X,v")wall losses.In order to understand the fundamental mechanisms of surface production and
losses, "Camembert III" experimental setup, recently settled in the LPSC laboratory (Grenoble, France) is used.
In this experimental structure, hydrogen multidipolar plasma sustained by microwaves (2.45GHz)presents the
potential advantage to operate either in a metallic o- r a conductive chamber. The inner walls could be then
frequently coated, by sputtering or chemical vapor deposition techniques, with no opening of the chamber with
various materials. First experiments of H-surface production will be performed on target material. Hence,
perfectly knowing the target material (in terms of composition and structural and physical properties), H-ion
density production near the target surface will be monitored by laser photodetachment [M. Bacal, Rev. Sci.
Instrum. 71, 3981 (2000)]. Even if this diagnostic gives no direct information on high rovibrationally excited level
of the H2molecule, its implementation and use are far less complicated than vuv LIF. [J79]

"Compact 2.45 GHz microwave ion/atom source"
Characteristics of a microwave driven 3.4cmdiameter compact ion/atom source equipped with permanent
magnets were tested. The source can be mounted to a standard copper gasket flange, and microwave power is
supplied through an N-type microwave connector. The ion source plasma was observed through an ion
extraction hole with an optical emission spectrometer. Peak height of an optical line spectrum emission
corresponding to atomic nitrogen increased in proportion to the microwave input power. Quadrupole mass
spectrometer showed that N+and N2+were the dominant species in the extracted ion beam. Nitrogen ion current
density of 0.23mA/cm2was obtained with only 10Wdischarge power and 6×10-3Pasource surrounding pressure.
[J80]

"Fast visible imaging of turbulent plasma in TORPEX"
Fast framing cameras constitute an important recent diagnostic development aimed at monitoring light emission
from magnetically confined plasmas, and are now commonly used to study turbulence in plasmas. In the
TORPEX toroidal device [A. Fasoli etal, Phys. Plasmas 13, 055902 (2006)], low frequency electrostatic
fluctuations associated with drift-interchange waves are routinely measured by means of extensive sets of
Langmuir probes. A Photron Ultima APX-RS fast framing camera has recently been acquired to complement
Langmuir probe measurements, which allows comparing statistical and spectral properties of visible light and
electrostatic fluctuations. A direct imaging system has been developed, which allows viewing the light, emitted
from microwave-produced plasmas tangentially and perpendicularly to the toroidal direction. The comparison of
the probability density function, power spectral density, and autoconditional average of the camera data to those
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obtained using a multiple head electrostatic probe covering the plasma cross section shows reasonable
agreement in the case of perpendicular view and in the plasma region where interchange modes dominate. [J81]

"Development and research of a coaxial microwave plasma thruster"
An overview of the research on a coaxial microwave plasma thruster at Northwestern Polytechnic University is
presented. Emphasis is put on the development and research on key components of the thruster system, a
microthrust balance, plasma plume diagnostics, and a numerical simulation of the plasma flow field inside the
thruster cavity. The developed thruster cavity is chosen from a coaxial resonant cavity with concentrated
capacitance, which can operate well in atmosphere and vacuum conditions. The development of a microwave
source shows that a magnetron powered by a switch power supply has advantages in the power level and
efficiency, but a solid state microwave source synthesized from the arsenide field effect transistor is superior in
weight and volume. Through elimination of the effect of large gravity and resistance force induced by a gas pipe
line and a microwave transmitting line on the microthrust, 15mNand 340sin the performance of the microwave
plasma thruster at 70Wand with helium gas are measured. Diagnosing experiment shows that the plasma plume
density is in the range of (1-7.2)×1016/m3. Numerical simulation of the plasma flow field inside the coaxial
thruster cavity shows that there is a good match between the microwave power and gas flow rate. [J82]

"Dichroic filters to protect milliwatt far-infrared detectors from megawatt ECRH radiation"
Dichroic filters have been used to shield effectively the far infrared (FIR) detectors at the
interferometer/polarimeter on TEXTOR. The filters consist of metal foils with regular holes, the hole diameter, the
mutual spacing and the thickness of the foils are chosen to transmit radiation at the design frequency with
transmission 90%. The attenuation at the low frequency end of the bandpass filter is about 30dBper octave,
the high frequency transmission is between 20% and 40%. The filters have been used to block the stray
radiation from the megawatt microwave heating beam to the detectors of the FIR interferometer, operating with
power on the detector in the milliwatt range. If required, the low frequency attenuation can be still enhanced,
without compromising the transmission in the passband. The FIR interferometer used for plasma density and
position control is no longer disturbed by electromagnetic waves used for plasma heating. [J83]

"Real-time digital heterodyne interferometer for high resolution plasma density measurements at
ISTTOK"
With the implementation of alternating discharges (ac) at the ISTTOK tokamak, the typical duration of the
discharges increased from 35to250ms. This time increase created the need for a real-time electron density
measurement in order to control the plasma fueling. The diagnostic chosen for the real-time calculation was the
microwave interferometer. The ISTTOK microwave interferometer is a heterodyne system with quadrature
detection and a probing frequency of 100GHz(lambda 0=3mm). In this paper, a low-cost approach for real-time
diagnostic using a digital signal programable intelligent computer embedded system is presented, which allows
the measurement of the phase with a 1% fringe accuracy in less than 6mu s. The system increases its accuracy
by digitally correcting the offsets of the input signals and making use of a judicious lookup table optimized to
improve the nonlinear behavior of the transfer curve. The electron density is determined at a rate of
82kHz(limited by the analog to digital converter), and the data are transmitted for each millisecond although this
last parameter could be much lower (around 12mu s-each value calculated is transmitted). In the future, this
same system is expected to control plasma actuators, such as the piezoelectric valve of the hydrogen injection
system responsible for the plasma fueling. [J84]

"Wide-angle point-to-point x-ray imaging with almost arbitrarily large angles of incidence"
The paper describes a new scheme for wide-angle point-to-point x-ray imaging with almost arbitrarily large
angles of incidence by a matched pair of spherically bent crystals to eliminate the astigmatism, which is a well-
known imaging error of spherical mirrors. In addition to x rays, the scheme should be applicable to a very broad
spectrum of the electromagnetic radiation, including microwaves, infrared and visible light, as well as UV and
extreme UV radiation, if the crystals are replaced with appropriate spherical reflectors. The scheme may also be
applicable to the imaging with ultrasound. [J85]

"Pulse compression radar reflectometry to measure electron density in plasma with parasitic
reflections"
Pulse compression radar reflectometry is used to obtain electron density profile in plasma with parasitic
reflections in this article. The pulse compression radar relies on the relation between the temporal width of a
pulse and the frequency bandwidth of this pulse: Delta t 1/Delta f. So a set of sweep-frequency microwaves
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within a bandwidth Delta fcan be introduced sequentially into the plasma to obtain the same information as the
one obtained by a real pulse. By applying a Fourier transform to the data of reflectivity array in the frequency
domain, the temporal response in the time domain is obtained. The limitation of the parasitic reflections on
measurement can be eliminated from the temporal response by the method of time gate. This is a prominent
advantage when this method is compared to the traditional reflectometry. For this method, an appropriate
compromise between the spatial resolution and the electron density resolution is important. Experimental results
show that the profile obtained from pulse compression radar reflectometry is similar to that from a double
Langmuir probe. [J86]

"A 280 GHz single-channel millimeter-wave interferometer system for KSTAR"
A 280GHzsingle-channel horizontal millimeter-wave interferometer system has been fabricated and installed for
plasma electron density measurements on the Korea Superconducting Tokamak Advanced Research (KSTAR).
A retractable cassette system has been adopted for deep positioning of the interferometer system on large
cryostat. The cassette system contains a pneumatic vacuum window shutter and a beam focusing module. The
focusing module consists of antennas and aluminum concave mirrors, where an incident beam is reflected on a
specially designed carbon inner-wall tile. The module enhances receiving beam power and reduces phase errors
due to unexpected beam reflections on a vacuum vessel. Microwave components such as oscillators and mixers
are located 2maway from cryostat with a shielding box. Intermediate frequency signals generated by mixers are
transmitted to a diagnostics room, and the phase difference between these signals is measured using a
multifringe counting phase comparator. A beam path analysis has been performed for a triangular beam path
geometry. An effective line-integrated density can be deduced from measured line-integrated density with these
results. A beam path length error due to plasma refraction effect has been determined with various plasma
conditions. [J87]

"Radial density profile measurement by using the multichannel microwave interferometer in
GAMMA 10"
Plasma density radial profile measurements are an important study for fusion plasma researches. We
reconstructed a multichannel microwave interferometer for radial plasma electron density and density fluctuation
measurements with both changing the transmission horn position and using the Teflon lens by only using this
system in a single plasma shot. By using this system, we can successfully measure the radial density and
density fluctuation spectra in a single plasma shot. [J88]

"Investigation of helicon ion source extraction systems"
Various versions of an extraction system for a helicon ion source have been investigated in high plasma density
( 1012cm-3)modes. The measurements of the plasma density were carried out with a microwave
interferometer. Experiments were performed with hydrogen and helium gases. The preliminary results indicate
that specially designed extractors are very promising for improving ion beam paraxial brightness. [J89]

"Imaging of Atmospheric Air Breakdown Caused by a High-Power 110-GHz Pulsed Gaussian
Beam"
We present the images of regular filamentary plasma arrays produced upon the breakdown of air at atmospheric
pressure at the focal region of a high-power 110-GHz pulsed Gaussian beam. The source of the millimeter wave
beam is a gyrotron that can generate up to 1.5-MW output power with 3-mus pulselength. This unique plasma
structure exists only at high pressures. With decreasing pressure, the structure changes into layers of curved
plasma sheets and into more familiar diffuse plasma. A main cause of the formation of the regular array structure
appears to be the reflection from filaments. The successive generation of conductive filaments modifies the
incident field pattern and creates local hot spots upstream of the existing filaments with regular spacing of
roughly a quarter wavelength. [J90]

"Atmospheric Pressure Nitrogen Microwave Plasma"
We present nitrogen microwave blown-out plasma at atmospheric pressure and its emission spectra with their
spatial distribution. The plasma had a symmetric conical shape until it collapsed to a funnel-like shape at high
gas flow rates. We observed the emission of N2, N2+, CN and NO: their Abel-inverted emissivity increased with
increasing power and decreased with plasma radius. [J91]

"Terahertz Science and Technology Trends"
The recent progress in terahertz science and technology (THz-S&T) opens up a range of potential research
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opportunities. Historically, THz technologies were mainly used by the astronomy community for searching far-
infrared radiation (cosmic background), and by the laser fusion community for the diagnostics of plasmas. Since
the first demonstration of THz wave time-domain spectroscopy in the late 1980s, there has been a series of
significant advances (particularly in recent years) as intense THz sources and more sensitive detectors provide
new opportunities for understanding the basic science in the THz frequency range. THz radiation can penetrate
through many nonpolar dielectric materials and can be used for nondestructive/noninvasive sensing and imaging
of targets under nonpolar, nonmetallic covers or containers. An immediate application of THz wave technology is
in nondestructive testing or inspection. Short-term applications (within three to five years) are expected in
spectroscopic sensing and imaging for homeland security. Biomedical applications are expected in the long term
(five to ten years). By comparing the publication record trend of THz-S&T related papers with the publication
record of proxy fields (laser, microwave, Raman, and infrared), it is possible to anticipate that the number of
publications in the THz-S&T arena will increase and also the impact in other research areas. We compare the
publication pattern (number of papers versus time) with searching keywords in title or abstract. We found that all
the publication trends share a common pattern with four periods defined by discovery, acceptance, adoption, and
maturity. From this pattern trend, THz-S&T seems to be in an acceptance period. The unique properties of THz-
S&T suggest that its applications will grow. [J92]

"The Potential of Pulsed Underwater Streamer Discharges as a Disinfection Technique"
In this paper, we investigate the effectiveness of pulsed underwater streamer discharges for water disinfection
and its scalability to large throughputs. For this paper, we have built a coaxial streamer reactor containing a
central cylindrical anode covered by a thin porous layer of almandine. The reactor was supplied by electric
pulses with amplitudes of up to 100 kV and pulse durations between 200 and 400 ns at a repetition rate of up to
20 Hz. Different chemical probes have been used as the main diagnostic to determine the production rates and
the accumulation of oxidants in the bulk water. It has been found that the number and the length of streamers
scaled linearly with the applied voltage amplitude, whereas the pulse duration only affected the streamer length.
All oxidant production rates scaled linearly with the number-length product of streamers. OH-radical
concentrations of up to 100 mM appear at the streamer-water-boundary. However, because of the limited volume
of streamers and the limited range of OH radicals, the most important oxidant with respect to decontamination is
H2O2which accumulates in the water and, by interacting with the intense UV radiation and the shock waves from
the streamers, produces OH radicals in the bulk water. Placing water-filled cuvettes from different materials in
the reactor, we found that the contribution of shock waves to the production of oxidants in the bulk water seems
more important than the contribution of UV radiation. The production of oxidants can be enhanced by percolating
suitable gases through the active zone of the reactor. Most effective is the use of oxygen. About 20 J/cm3of
electrical energy was required to reduce the concentration of Pseudomonasputidabacteria by six orders of
magnitude. However, up to 180 J/cm3of specific energy input was necessary to reduce the bacterial freight in
waste water from a municipal sewage plant by just two orders of ma--gnitude. This has been explained by the
high conductivity of waste water which drastically reduces the length of streamers for the same electrical
parameters. Therefore, it seems unlikely that underwater streamer discharges alone can become competitive
with other advanced oxidation processes like ozonation, UV irradiation, or irradiation with megaelectronvolt
electron beams. However, it seems conceivable that a combination of underwater streamer discharges with
ozonation or other processes can lead to a more effective and economic decontamination technique. [J93]

"3-D-Microwave Breast Tumor Detection: Study of System Performance"
This paper presents a study of performance for a 3-D breast tumor detection system. The system is based on
processing the scattered signals when a narrow pulse is transmitted from a set of antennas placed surrounding
the breast. The 3-D system performance is evaluated by placing the tumor at any breast position, even at
locations near the breast muscle where detection is more difficult. Results are obtained for different sizes and
positions of the abnormalities that are defined as spherical and bunch-shaped geometries, which approach the
well-known breast tumors morphology. These results show that the array distribution considered will have a high
impact on detection. [J94]

"Experimental Investigation of 193-nm Laser Breakdown in Air"
We present the measurements and analysis of laser-induced breakdown processes in dry air at a wavelength of
193 nm by focusing 180-mJ 10-MW high-power 193-nm UV ArF laser radiation onto a 30-mum-radius spot size.
We examine pressures ranging from 40 torr to 5 atm, for laser power densities of 1 TW/cm2, well above the
threshold power flux for air ionization. The breakdown threshold electric field is measured and compared with
classical and quantum theoretical ionization models at this short wavelength. A universal scaling analysis of these
results allows one to predict aspects of high-power microwave breakdown based on measured laser breakdown
observations. Comparison of 193-nm laser-induced effective field intensities for air breakdown data calculated
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based on the collisional cascade and multiphoton breakdown theories is used successfully to determine the
collisional microwave scaled portion with good agreement regarding both pressure dependence and breakdown
threshold electric fields. Using a laser shadowgraphy diagnostic technique, the plasma and shock-wave
dynamics are analyzed. Blast shock-wave expansion of the plasma and laser-heated neutral gas is observed
with average velocities of 47 km/s, and the temporal shock-wave velocity variation is used to determine electron
temperature evolution just behind the shock wave. [J95]

"Development and Laboratory Testing of a Noninvasive Intracranial Focused Hyperthermia
System"
During the past two decades, a great deal of research has been carried out with the aim of developing effective
techniques for hyperthermia treatment, primarily using RF, microwave, and ultrasound energy. A system for deep
brain hyperthermia treatment, designed to also provide passive measurements of temperature and/or conductivity
variations inside the human body, is presented in this paper. The proposed system comprises both therapeutic
and diagnostic modules, operating in a totally contactless way, based on the use of an ellipsoidal beamformer to
achieve focusing on the areas under treatment and monitoring. In previous publications, the performance of the
system's diagnostic module in phantom, animal, and human studies has been reported. In the current research,
new theoretical and experimental results using the therapeutic hyperthermia module of the system are presented.
The main scope of the theoretical analysis is the improvement of the system's focusing attributes. Moreover,
phantom experimental results verify the proof of concept. Both computation and phantom measurement results
show that deep focused brain hyperthermia may be achievable with adequate spatial resolution and sensitivity
using the proposed methodology, subject to the appropriate combination of operation frequency and low-loss
dielectric material used as filling in the ellipsoidal. [J96]

"Studies on x-ray and UV emissions in electron cyclotron resonance x-ray source"
A novel electron cyclotron resonance x-ray source is constructed based on the ECR technique. In this paper,
the possibility of using the ECR x-ray source for producing UV rays by optimizing the plasma parameters is
explored. X-ray and UV emissions from the ECR x-ray source are carried out for argon, nitrogen, and
CO2plasma. The x-ray spectral and dose measurements are carried with NaI(Tl) based spectrometer and
dosimeter, respectively. For UV measurement, a quartz window arrangement is made at the exit port and the
UV intensity is measured at 5cmfrom the quartz plate using UV meter. The x-ray and UV emissions are carried
out for different microwave power levels and gas pressures. The x-ray emission is observed in the pressure
range ≤10-5Torr, whereas the UV emission is found to be negligible for the gas pressures 10-5Torrand it
starts increasing in the pressure range between 10-5and 10-3Torr. At high-pressure range, collision frequency of
electron-atom is large which leads to the higher UV flux. At low pressure, the electron-atom collision frequency
is low and hence the electrons reach high energy and by hitting the cavity wall produces higher x-ray flux. By
choosing proper experimental conditions and plasma gas species, the same source can be used as either an x-
ray source or an UV source. [J97]

"Stable microwave coaxial cavity plasma system at atmospheric pressure"
We present a systematic study of the development of a novel atmospheric microwave plasma system for
material processing in the pressure range up to 760torrand the microwave input power up to 6kW. Atmospheric
microwave plasma was reliably produced and sustained by using a cylindrical resonator with the TM011cavity
mode. The applicator and the microwave cavity, which is a cylindrical resonator, are carefully designed and
optimized with the time dependent finite element Maxwell equation solver. The azimuthal apertures are placed at
the maximum magnetic field positions between the cavity and the applicator to maximize the coupling efficiency
into the microwave plasma at a resonant frequency of 2.45GHz. The system consists of a magnetron power
supply, a circulator, a directional coupler, a three-stub tuner, a dummy load, a coaxial cavity, and a central
cavity. Design and construction of the resonant structures and diagnostics of atmospheric plasma using optical
experiments are discussed in various ranges of pressure and microwave input power for different types of gases.
[J98]

"Modeling the Visibility of Breast Malignancy by a Microwave Radiometer"
A breast tumor is visible by a passive microwave radiometer if it changes the radiometric output of a healthy
breast to an extent that overcomes the radiometric resolution for the given sensing antenna and integration time.
We modeled breast temperature by the standard Pennes equation using thermal parameters found in the
literature for normal and cancerous breast tissue. An apparent thermal volume and its dependence on blood
perfusion have been estimated. The radiometric weighting function has been evaluated as a function of the size
of a contacting antenna modeled as an aperture antenna. For comparison with the radiometric resolution, the
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difference signal between the outputs in the presence of a lesion and in its absence has been evaluated for
different tumor sizes and depths. The results of the numerical analysis show that this difference signal depends
on the average over-temperature in the lesion times the heating efficiency, given by the fraction of power
delivered to the tumor when the antenna radiates onto the breast in active modality. A tumor of 6 mm (10 mm)
diameter is visible by a 0.1 K radiometer and a 3 cm aperture antenna when it is not deeper than 1.2 cm (2.8
cm) under the assumption of ideal radiometer and antenna. [J99]

"A Computational Investigation of Microwave Breast Imaging Using Deformable Reflector"
In recent years, active microwave breast imaging is increasingly being viewed as a promising complementary
imaging modality for cancer detection. In this paper, we present a novel deformable reflector microwave
tomography technique for noninvasive characterization of the breast tissue. In contrast to conventional
multitransceiver designs, the proposed technique utilizes a continuously deformable reflector with metallic
coating to acquire field measurements for imaging. Computational feasibility of the proposed technique to image
heterogeneous dielectric tissue property is evaluated using simplified 2-D breast models. The robustness of the
deformable reflector-based tomography technique in imaging the spatial distribution of the tissue dielectric
property in the presence of measurement noise is investigated using first-order Tikhonov regularization.
Preliminary results obtained for the 2-D breast models appear promising and indicate further investigation of the
new microwave tomography technique for breast imaging. [J100]

"Measurement of edge density profiles of Large Helical Device plasmas using an ultrashort-pulse
reflectometer"
We report here on the application of an ultrashort-pulse reflectometer (USPR) to Large Helical Device in
National Institute for Fusion Science. An impulse with picosecond pulse width is used as a source in an USPR.
Since the bandwidth of a source is inversely related to the pulse width, we can utilize the frequency range of
microwave to millimeter-wave by using wide band transmission lines. The density profiles can be reconstructed
by collecting time-of-flight signal of each frequency component of an impulse reflected from each cutoff layer.
Remote control system using super science information network has been introduced to the present USPR
system. [J101]

"Analysis of the Special Sensor Microwave Imager/Sounder (SSMIS) Fields-of-View on DMSP
F16"
The Special Sensor Microwave Imager/Sounder (SSMIS) calibration and Earth scene fields-of-view (FOV) are
examined using sensor diagnostic modes, a graphic simulation of the SSMIS and spacecraft vehicle, and an
electromagnetic analysis of the SSMIS antenna. The on-orbit FOV for each calibration target was found to be
larger than the sample locations utilized by the flight software for calibration suggesting that additional observing
time for the each target is available. The optimum calibration sampling location appears to be slightly offset from
the current sampling. However, it is not expected that this will result in degraded performance. The SSMIS Earth
scene FOV was found to have noticeable edge-of-scan biases for several channels. The biases were examined
and determined to be due to intrusions of the antenna feed FOVs of the main reflector antenna caused by the
SSMIS calibration targets and their associated multilayer insulation (MLI) blanketing in the final flight
configuration. A simple algorithm to address the edge-of-scan biases is applied and found to correct the biases
to within ~0.1-0.2 K. [J102]

"Mitigation of electron attachment to oxygen in high pressure air plasmas by vibrational excitation"
A series of time resolved microwave attenuation measurements are performed of the electron number density of
an electron beam generated, CO laser excited nonequilibrium O2/N2plasma. Resonant absorption of infrared
radiation from the CO laser produces the nonequilibrium state, in which the heavy species vibrational modes are
disproportionately excited, compared to the rotational and translational modes (Tvib≈2000-3000Kvs TR/T≈300K).
It is shown that this results in an increase in the plasma free electron lifetime by two orders of magnitude
compared to the unexcited cold gas, an effect which is ascribed to complete mitigation of rapid three-body
electron attachment to molecular oxygen. A series of heavy species filtered pure rotational Raman scattering
measurements are also presented, which exhibit minimal temperature change (+50K), indicating that the
observed lifetime increase cannot be due to heavy-species thermal effects. Finally, computational modeling
results infer an increase in the rate of O2-detachment by four to five orders of magnitude, compared to the
equilibrium value. [J103]

"Spectroscopic study on the vibrational populations of N 2 C 3 Pi and B 3 Pi states in a microwave
nitrogen discharge"
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We measured the band spectra (first and second positive systems) of the nitrogen molecule to examine the
vibrational and rotational temperatures of the C3Pi and B3Pi states by optical emission spectroscopy. We
compared the experimentally measured and the calculated spectra to determine those temperatures of the
generated plasma. We generated a microwave discharge nitrogen plasma in a cylindrical quartz tube
(26mminside diameter) with a discharge pressure of 0.5-1.0Torr. The microwave frequency was 2.45GHzand the
output power was set at 600W. It was found that Tv≈0.5-0.7eVand Tr≈0.07-0.15eVat B3Pi (v=7, 8, and 9),
whereas Tv≈0.65-0.9eVand Tr≈0.06-0.16eVat C3Pi (v=0and 1). Both rotational temperatures obtained from first
and second positive systems were in good agreement. We also compared the measured vibrational populations
with theoretical calculations, in which vibrational distribution function at N2Xand electron energy distribution
function are calculated self-consistently. [J104]

"Spectroscopic determination of H, He, and H 2 temperatures in a large-scale microwave plasma
source"
Emission spectroscopy was used for the diagnostic of a large-scale, slot antenna excited microwave plasma
source operating in pure hydrogen and in helium-hydrogen and argon-hydrogen mixtures at low pressures
(p=0.3mbar)and microwave power ranging from 600to900W. No evidence was found for excessive broadening of
the Halpha line under the present operating conditions, even though this line was found to be broader than the
helium singlet line at 667.8nm. The Doppler temperatures corresponding to this helium line (400-900K)are close
to the rotational temperatures (300-800K)determined from the Qbranch of the Fulcher-alpha band under the
same conditions. The kinetic temperature of H atoms corresponding to the Doppler broadening of the Halpha
line varies spatially between 3100 and 3400K(95% He-5% H2, p=0.3mbar, and P=900W) and between 3350 and
3900K(95% Ar-5% H2, p=0.3mbar, and P=600W) keeping constant the mixture composition, pressure, and
microwave power. The rotational H2temperature in argon-hydrogen mixtures varies from 330to400Kunder the
same conditions. Therefore, the results presented here- indicate that the kinetic temperature of H atoms is
higher than the background gas temperature. [J105]

"Underwater streamer propagation analyzed from detailed measurements of pressure release"
In this paper we describe experimental observations connected with the propagation of primary and secondary
streamers in water. Using a Mach-Zehnder interferometer we determined the pressure field surrounding the
streamer channel at a given instant in time with high temporal and spatial resolution. This pressure field contains
information on the time evolution of the pressure pulse inside the discharge channel. The pressure history in the
channel has been reconstructed by comparing the experimentally obtained fringe shifts in the interferograms with
those derived from one-dimensional hydrodynamic calculations in cylindrical geometry. Assuming different trial
pressure pulses, it has been possible to establish the channel pressure iteratively. A reproduction of the
experimental data from secondary streamers requires short (2-3ns)pressure pulses with amplitudes of 2-3GPa.
These findings are inconsistent with the assumption of bubble-initiated propagation of secondary streamers. It
has also been inferred from estimates of the channel diameter that self-propagation of secondary streamers
occurs at field strengths at the streamer tip of more than 2GV/m. We can therefore conclude that field induced
dissociation and ionization of molecules in the bulk liquid are the most likely mechanism for secondary streamer
propagation. Rather high electrical conductivity ( 0.2S/m)is achieved at fields of 2GV/mand an ionization wave is
launched from the streamer tip into the liquid. To advance the streamer the electric field must be expelled from
the newly generated section. This occurs with the Maxwellian relaxation time of a few nanoseconds. During this
time the region of high conductivity is transformed- into a plasma channel of lower density and a pressure wave
is launched into the liquid. A different mechanism is suggested for primary streamer formation. Because of the
low conductivity in the channels it is more likely that gas bubbles or phase instabilities are involved in this case.
[J106]

"Diagnostics of surface wave excited Kr /O2 plasma for low-temperature oxidation processes"
The characteristics of species in Kr/O2mixture surface wave excited plasmas have been studied for clarifying the
mechanism of plasma oxidation process. The absolute densities of the ground-state oxygen atom (3Pj=0,1,2)and
the metastable oxygen atom (1D2)were measured by using vacuum ultraviolet absorption spectroscopy. Under a
microwave power of 1 kW and a total pressure of 90 Pa, the absolute density of O(3Pj)atom decreased from
2×1014to 3×1013cm-3with increasing Kr dilution ratio from 80 to 99%. However, the absolute density of
O(1D2)atom increased with the increase of Kr dilution ratio and had a peak at a high Kr dilution condition of
97%. The production mechanisms of O(3Pj)and O(1D2)atoms have been discussed on the results of the
metastable Kr atom density, the electron density, and electron temperature measured by near-infrared absorption
spectroscopy and Langmuir singe probe, respectively. Moreover, we have measured the characteristics of
positive ions by using quadrupole mass spectroscopy. From these results, the bombardments of O2+ions with
low energy seem to affect the Si oxidation with oxygen atoms. [J107]
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"Three-dimensional analysis of microwave generated plasmas with extended planar laser-induced
fluorescence"
We present the development and application of a diagnostic system for the analysis of microwave generated
low-pressure plasmas, which might also be used for the investigation of the edge regions in magnetically
confined fusion plasmas. Our method uses planar laser-induced fluorescence, which is produced by excitation of
neutral metastable atoms through a short, intense, pulsed laser. The beam expansion optics consist of an
uncommon setup of four lenses. By controlled shifting of an element of the optics sideways, the location of the
laser sheet in the plasma is scanned perpendicular to the excitation plane. Together with a spectrometer
observing different observation volumes along the beam path, we are able to map absolute three-dimensional
(3D) population density distributions of the metastable (2P1/2o)3s[1/2]0ostate of Ne I in an electron cyclotron
resonance heating (ECRH) plasma. This optical tomography system was used to study the influence of the
microwave power and mode on the spatial structure of the plasma. The results show that the population density
of the neutral neon in this metastable state is found to be in the range of 1016 m-3, and that its spatial
distribution is associated with the 3D structure of the magnetic field. We also report that the spatial distribution
strongly varies with the mode structure, which depends on the microwave power. [J108]

"Electron density modulation in an asymmetric bipolar pulsed dc magnetron discharge"
This paper investigates the spatial and temporal variation in plasma electron density over a region between 5
and 10cmabove the race-track region of a pulsed magnetron sputtering target. The pulse operation is performed
using an asymmetric bipolar pulsed dc power supply, which provides a sequence of large negative "on-phase"
voltage (-350V)and a small positive "reverse-phase" voltage (+10V)for 55% of the pulse duration (10mu s). The
electron density is measured using a floating microwave hairpin resonance probe. The results show electron
expulsion from the target in the initial on phase, which propagates with a characteristic speed exceeding the ion
thermal speed. In the steady state on phase, a consistent higher density is observed. A quantitative model has
been developed to explain the resultant density drops in the initial on phase. While in the reverse phase, we
observed an anomalous growth in density at a specific location from the target (d 7cm). The mechanism behind
the increase in electron density has been attributed to the modulation in spatial plasma potential, which was
measured earlier in the same apparatus using a floating emissive probe [J. W. Bradley etal, Plasma Sources Sci.
Technol. 13, 189 (2004)]. [J109]

"Plasma induced by resonance enhanced multiphoton ionization in inert gas"
We present a detailed model for the evolution of resonance enhanced multiphoton ionization (REMPI) produced
plasma during and after the ionizing laser pulse in inert gas (argon, as an example) at arbitrary pressures. Our
theory includes the complete process of the REMPI plasma generation and losses, together with the changing
gas thermodynamic parameters. The model shows that the plasma expansion follows a classical ambipolar
diffusion and that gas heating results in a weak shock or acoustic wave. The gas becomes involved in the
motion not only from the pressure gradient due to the heating, but also from the momentum transfer from the
charged particles to gas atoms. The time dependence of the total number of electrons computed in theory
matches closely with the results of coherent microwave scattering experiments. [J110]

"Direct measurement of density oscillation induced by a radio-frequency wave"
An O-mode reflectometer at a frequency of 25.85GHzwas applied to plasmas heated by the high harmonic fast
wave (21MHz)in the TST-2 spherical tokamak. An oscillation in the phase of the reflected microwave in the rf
range was observed directly for the first time. In TST-2, the rf (250kW)induced density oscillation depends
mainly on the poloidal rf electric field, which is estimated to be about 0.2kV/mrms by the reflectometer
measurement. Sideband peaks separated in frequency by ion cyclotron harmonics from 21MHz, and peaks at ion
cyclotron harmonics which are suggested to be quasimodes generated by parametric decay, were detected.
[J111]

"Reduction of the Coupling to External Sources and Modes of Propagation by a Nearly Confocal
Resonator"
This paper presents a numerical and experimental study of a nearly confocal resonator with spherical mirrors at
12 GHz. The geometry was chosen in order to have a large quality factor for the diffraction losses, and thereby
a weak coupling to external parasitic TE and TM modes, that propagate in a pipe on which the resonator may be
installed. In turn, this allows a significant improvement of its signal-to-noise ratio, e.g., when used as a beam
monitor. [J112]
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"Phaseless characterisation of compact antenna test ranges"
Antenna characterisation and radar cross section measurements can be conveniently and successfully carried
out by means of a compact antenna test range (CATR), whose performance is primarily assessed in terms of
quiet zone size and field uniformity. CATR characterisation and diagnostics are usually performed by means of
(amplitude and phase) field measurements in the quiet zone and are of timely interest either on CATR installation
or on its periodic reassessments performed by manufacturers and/or users. This paper addresses CATR
characterisation from amplitude-only data, an attractive topic because of the application of CATRs to the
millimetre or sub-millimetre wave ranges. The approach is based on an appropriate strategy retrieving the
missing quiet zone phase and facing the issue of the large electrical dimensions of the CATR. To take into
account the characteristics of the collimating system as well as to keep as low as possible the number of
unknowns to be sought for, it exploits the Jacobi-Bessel expansion of the aperture field. The performance of the
algorithm has been tested through a wide numerical analysis against synthetic data generated by GRASP8-SE
whose full version is routinely employed for CATR design. The main results related to a Gregorian dual offset
reflector CATR, modelled on that proposed in the literature by Pistorius et ah, and to a single offset reflector
CATR, inspired by the one available at the Queen Mary & Westfield College, London (UK), are reported. [J113]

"Advances in Ground Transmitters for the NASA Deep Space Network"
The Deep Space Network (DSN), managed by the Jet Propulsion Laboratory for NASA, is equipped with multiple
microwave transmitters ranging in average radiated power from 200 W to 400 kW. The transmitters are used for
routine or emergency communication with spacecraft, for navigation, and for radio science tasks. The latest
advances in transmitter engineering were implemented in a new generation of 20-kW dual-band transmitters
developed for the DSN 34-m beam waveguide antennas. Innovations include additional X-band communication
capability for near Earth missions, new c, automated calibration, improved and expanded computerized
monitoring and diagnostics, reduced cabling, and improved maintainability. The innovations were very beneficial
for the DSN ldquooverloadrdquo during the Mars 2003/2004 missions and will benefit other missions throughout
the next decade. This paper describes the current design of the new transmitters and possible future
developments. [J114]

"Microwave surfing-Channeling the voice within"
{no data available} [J115]

"Broadband Dielectric Characterization of Tumorous and Nontumorous Breast Tissues"
The broadband dielectric properties of tumorous and nontumorous tissues were analyzed at the millimeter-wave
and terahertz frequencies. Ex-vivomeasurements were obtained using the backward-wave oscillator-based free-
space quasi-optical spectroscopy and dispersive Fourier transform spectroscopy methods. Both techniques were
modified to yield the real and imaginary parts of permittivity, absorption coefficient, refractive index, and
transmission data over an extended frequency range from 30 to 900 GHz. Results reveal characteristic
signatures of breast tissues and display a significant difference in the electromagnetic response of tumorous and
nontumorous tissues. The techniques employed in this study provide prospects for extending ex-
vivomeasurements to in-vivo breast cancer detection and diagnostics. [J116]

"EU Megawatt-Class 140-GHz CW Gyrotron"
The first series tube of the gyrotrons for the 10-MW electron cyclotron resonance heating system of the
stellarator W7-X was tested at Forschungszentrum Karlsruhe (FZK) and yielded a total output power of 0.98
MW, with an efficiency of 31% (without a single-stage depressed collector) in short-pulse operation and of 0.92
MW in pulses of 180 s (efficiency of almost 45% at a depression voltage of 29 kV). The Gaussian mode output
power was 0.91 MW. The pulselength at full power (1 MW) is limited at FZK by the available power supply. At a
reduced electron beam current, it is possible to operate at longer pulselengths. At an output power of 0.57 MW
(electron beam current of 29 A), the pulselength was increased to 1893 s. There was no physical reason for a
limitation of this pulse: The pressure increase during the pulse was less than a factor of two and ended up at a
very low value in the 10-9mbar range. The tube was delivered to Max-Planck-Institut fuumlr Plasmaphysik
Greifswald for tests at full power and up to 30-min pulselength. The Gaussian mode RF output power, measured
in a calorimetric load after a 25-m-long quasi-optical transmission line (seven mirrors), was 0.87 MW at a total
output power of 0.92 MW in 30-min pulses. Again, no indications for a limitation in pulselength were found. The
second series tube was tested in short-pulse operation and showed a strange behavior concerning a mode
hopping which has not yet been understood. The third series gyrotron delivers up to now 0.65 MW at a pulse
duration of 180 s. Preliminary operation of the prototype tube as a two-frequency gyrotron delivered 0.41 MW in
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10-s pulses at 103.8 GHz (TE21,6mode) [J117]

"Atmospheric-Pressure PECVD Coating and Plasma Chemical Etching for Continuous Processing"
Plasma processing at atmospheric pressure (APPlasmas) has attractions for both economic and technological
reasons. Potential costs-saving factors are associated with online-processing capability and increase throughput
due to high deposition rates. Capital cost savings for both equipment and line space (foot print), and relative
ease of integration, are further benefits in comparison to low-pressure-technology approaches. Three types of
APPlasmas are considered for coating: microwave chemical vapor deposition (CVD), dc ArcJet-CVD based on a
linearly extended plasma source, and dielectric barrier glow discharge plasma CVD. Spectroscopic plasma
characterization has shown that high fluxes of activated species are available in the plasma downstream region
and can be used for deep fragmentation of even stable molecules. After precursor injection, a range of atomic
and molecular intermediates, precursor fragments, and reaction products were identified leading to a conclusion
that a complete conversion of the element-organic precursors into an inorganic materials take place.
Alternatively, the dc ArcJet source is used for plasma chemical etching. All AP-plasma-enhanced chemical vapor
deposition (PECVD), reactors are designed for continuous air-to-air processing on flat or slightly shaped
substrates and allow deposition of nonoxide films. Reactor design is supported by fluid-dynamic modeling.
Typical thin-film growth rates for PECVD are in the range of 5-100 nm/s (static) and up to 2 nm*m/s (dynamic).
The rates for plasma chemical etching are typically ten times higher. Plasma activation substantially widens the
range of potential applications, e.g., coating on steel, lightweight metals, preshaped glass, and plastics.
Developments are underway to explore the use of the coating technologies in areas such as scratch-resistant
coatings on metals, barrier layers, self-clean coatings, biocidal functional surfaces, and antireflective coatings.
The coating materials range explored- -, so far, includes: silica, titania, carbon, silicon nitride/carbide, and metal
oxides [J118]

"Arctangent Demodulation With DC Offset Compensation in Quadrature Doppler Radar Receiver
Systems"
Direct-conversion microwave Doppler radar can be used to detect cardiopulmonary activity at a distance. One
challenge for such detection in single channel receivers is demodulation sensitivity to target position, which can
be overcome by using a quadrature receiver. This paper presents a mathematical analysis and experimental
results demonstrating the effectiveness of arctangent demodulation in quadrature receivers. A particular
challenge in this technique is the presence of dc offset resulting from receiver imperfections and clutter
reflections, in addition to dc information related to target position and associated phase. These dc components
can be large compared to the ac motion-related signal, and thus, cannot simply be included in digitization
without adversely affecting resolution. Presented here is a method for calibrating the dc offset while preserving
the dc information and capturing the motion-related signal with maximum resolution. Experimental results
demonstrate that arctangent demodulation with dc offset compensation results in a significant improvement in
heart rate measurement accuracy over quadrature channel selection, with a standard deviation of less than 1
beat/min [J119]

"Fabrication of a Nb-Based 180-Degree IF Hybrid for Balanced SIS Mixers"
180-degree IF hybrids are potentially useful for balanced superconductor-insulator-superconductor (SIS) mixers.
We have developed a compact Nb-based 180-degree hybrid for 4-12 GHz which addresses concerns of element
size, ohmic loss, and IF bandwidth. The fabrication scheme developed for these elements will be discussed,
including the use of a thin overlayer Au process for via contacts, RF diode sputtered SiOxin lieu of sublimated
SiOxfilms in order to improve the wafer yield, and diagnostic Nb capacitors to evaluate these SiOxfilms.
Experimental results will be presented and compared with simulations of these lumped element transmission line
"rat-race" hybrids. It should be noted that the hybrids can be used in cryogenic balanced mixers for any RF
band. [J120]

"Active antennas in medical microwave radiometry"
The use of active antennas in microwave radiometric thermometry is investigated, where prospective applications
are within biomedical diagnostics. By incorporating a tiny low-noise amplifier, with only marginal self-heating, in
the antenna probe, it is shown that the temperature accuracy of a broadband radiometer can be improved as a
consequence of a smaller overall system noise figure. Proof of concept is verified experimentally through
increased detectability of a hot object within a lossy medium. [J121]

"Detection of foreign body using fast thermoacoustic tomography with a multielement linear
transducer array"
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Current imaging modalities face challenges in clinical applications due to limitations in resolution or contrast.
Microwave-induced thermoacoustic imaging may provide a complementary modality for medical imaging,
particularly for detecting foreign objects due to their different absorption of electromagnetic radiation at specific
frequencies. A thermoacoustic tomography system with a multielement linear transducer array was developed
and used to detect foreign objects in tissue. Radiography and thermoacoustic images of objects with different
electromagnetic properties, including glass, sand, and iron, were compared. The authors' results demonstrate
that thermoacoustic imaging has the potential to become a fast method for surgical localization of occult foreign
objects. [J122]

"Performance and analysis of an electron cyclotron resonance plasma cathode"
A scalable electron cyclotron resonance (ECR) plasma source was investigated for plasma cathode applications.
The rectangular source utilized permanent magnets to establish the ECR condition. The microwave applicator
region was windowless, making the source applicable to sputtering environment applications. The source was
characterized using primarily two diagnostics: (1) a near-field and far-field Langmuir probe and (2) a downstream
electron extraction electrode. Source operation and plasma properties were characterized at low pressures
ranging from 0.2to5mTorrand power levels up to 250W. Evidence of grad-B drift in the plane of the source was
observed. Extracted currents agreed well with predictions. [J123]

"Simulated experiment for elimination of air contaminated with odorous chemical agents by
microwave plasma burner"
An experimental study on elimination of odorous chemical agent was carried out by making use of a microwave
plasma burner, which consists of a microwave plasma torch and a reaction chamber with a fuel injector. Injection
of hydrocarbon fuels into a high-temperature microwave torch plasma generates a plasma flame. The plasma
flame can eliminate the odorous chemical agent diluted in air or purify the interior air of a large volume in
isolated spaces. The specially designed reaction chamber eliminated H2Sand NH3diluted in airflow rate of
5000lpm(liters per minute), showing beta values of 46.52 and 39.69J/l, respectively. [J124]

"Upgrade of the data acquisition and control system of the ASDEX upgrade microwave
reflectometer"
Microwave reflectometry is an important diagnostic to characterize the plasma electron density in fusion
experiments. The broadband frequency swept microwave reflectometry system of the ASDEX Upgrade tokamak
covers the frequency range of 16 to 100 GHz. In order to fully exploit the diagnostic capabilities it is mandatory
to upgrade the data acquisition and control system. It should comply with shorter frequency sweep times and
improved time resolution as well as accuracy allowing, for example, plasma position and shape measurements
for control purposes, as it is foreseen for ITER. A new PCI-based system is under development based on a
digitizer card with two channels, 12-bit resolution, and a waveform generator with one channel, 16-bit resolution.
Both cards have 512 Mbytes of memory, a digital signal processor (DSP) for advanced processing modes, and a
field programmable gate array (FPGA) for real-time algorithms and complex trigger managing modes. The
system is able to support multiple cards (digitizers and signal generators) operating synchronously at a maximum
rate of 210 MSamples/second. [J125]

"Microwave reflectometry as a novel diagnostic tool for detection of skin cancers"
More than 1 000 000 people are diagnosed with skin cancer each year in the United States, and more than 10
000 people die from the disease. Methods such as visual inspection and dermoscopy are available for early
detection of skin cancers, but improvement in accuracy is needed. This paper investigates the use of microwave
reflectometry as a potential diagnostic tool for detection of skin cancers. Open-ended coaxial probes were used
to measure microwave properties of skin. The influences of measurement parameters such as probe application
pressure, power level, and variation in reflection properties of skin with location and hydration were investigated.
Using an available electromagnetic formulation, providing for the reflection properties of a layered dielectric
structure irradiated by a coaxial probe, measurement and simulation results were compared. The results of the
measurements and simulations for normal and moistened skin show that the water content of normal skin and
benign and malignant lesions may cause significant differences among their reflection properties and
subsequently render a malignant lesion detectable. The results of microwave measurements performed on
human subjects are also presented, which show the potential of this technique to distinguish between cancerous
and benign lesions. [J126]

"Guest Editorial Special Issue on Plenary and Invited Papers From ICOPS 2005"
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{no data available} [J127]

"Microwave diagnostics of a repetitive, short-pulse-sustained, weakly ionized, air plasma under the
influence of a magnetic field"
A microwave-transmission-based diagnostic method is presented here, applicable to plasmas having electron
collision frequencies up to about twice their electron plasma frequency, and under the influence of an applied
magnetic field. This technique is capable of measuring both electron number density and collision frequency. By
varying the intensity of the applied magnetic field, the frequency of the upper hybrid resonance for transmission
of extraordinary waves, as predicted by the Asher-Appleton-Hartree dispersion relation, is scanned through the
microwave diagnostic frequency. Qualitatively, the zero transmission location of the resonant band depends on
the electron number density, and the existence of the band depends on the collision frequency. Because there is
essentially zero transmission through the resonant band, the measurement is accomplished by determining the
ranges of microwave frequencies and magnetic field intensities that yield no transmission. In contrast to more
standard techniques, the results presented here do not rely on accurate measurement of the transmission
fraction or phase shift. The technique relies instead on measuring the applied field strengths and diagnostic
frequencies that yield an opaque plasma. The opacity of the plasma can be robust with respect to the refraction,
diffraction, multiple reflections, and impedance matching that can plague accurate measurements of microwave
transmission fraction and phase shift, particularly in the case of small plasmas with near field geometries [J128]

"Beam Line Design, Beam Alignment Procedure, and Initial Results for the -Band Gain Experiment
at Los Alamos"
A gain experiment was performed at Los Alamos using a 120-keV 2-A cylindrical electron beam with a ridged
waveguide slow-wave structure at 94 GHz, demonstrating 22 dB of amplification through a traveling-wave
interaction. The structure was planar with a gap of 0.75 mm and a length of 5 cm. The 2-A electron beam was
confined in a 3.2-kG axial magnetic field, with roughly a 0.5-mm diameter. The electron beam was aligned along
the magnetic axis of the solenoid by scribing out its cyclotron motion on a novel optical diagnostic using a
procedure that depends on varying the solenoidal field strength. The transport through the structure was verified
by letting the beam drill holes in a series of thin metallic foils before insertion of the structure [J129]

"Assessment of EOS Aqua AMSR-E Arctic Sea Ice Concentrations Using Landsat-7 and Airborne
Microwave Imagery"
An assessment of Advanced Microwave Scanning Radiometer Earth Observing System (AMSR-E) sea ice
concentrations under winter conditions using ice concentrations derived from Landsat-7 Enhanced Thematic
Mapper Plus (ETM+) imagery obtained during the March 2003 Arctic sea ice validation field campaign is
presented. The National Oceanic and Atmospheric Administration Environmental Technology Laboratory's
Airborne Polarimetric Scanning Radiometer Measurements, which were made from the National Aeronautics and
Space Administration P 3B aircraft during the campaign, were used primarily as a diagnostic tool to understand
the comparative results and to suggest improvements to the AMSR-E ice concentration algorithm. Based on the
AMSR-E/ETM+ comparisons, a good overall agreement with little bias (~1%) for areas of first year and young
sea ice was found. Areas of new ice production result in a negative bias of about 5% in the AMSR-E ice
concentration retrievals, with a root mean square error of 8%. Some areas of deep snow also resulted in an
underestimate of the ice concentration (~10%). For all ice types combined and for the full range of ice
concentrations, the bias ranged from 0% to 3%, and the rms errors ranged from 1% to 7%, depending on the
region. The new-ice and deep-snow biases are expected to be reduced through an adjustment of the new-ice
and ice-type C algorithm tie points [J130]

"High-Power Microwave Surface Flashover of a Gas–Dielectric Interface at 90–760 torr"
The major limiting factor in the transmission of high-power microwave (HPM) has been the interface between
dielectric-vacuum or, even more severely, between dielectric-air, if HPM is to be radiated into the atmosphere.
Extensive studies have identified the physical mechanisms associated with vacuum-dielectric flashover, as
opposed to the mechanisms associated with air-dielectric flashover, which are not as well known. Surface-
flashover tests involving high field enhancement due to the presence of a triple point have shown that volume
breakdown threshold (dielectric removed) is approximately 50% higher than the flashover threshold with a
dielectric interface over the 90-760 torr range. In order to quantify the role of field enhancement in the flashover
process independent of electron injection from metallic surfaces, the effects of the triple point are minimized by
carefully choosing the geometry, and in some cases, the triple point is "removed" from the flashover location.
Experimental results were presented, including the impact of gas pressure and the presence of UV illumination,
along with temperature analysis of the developing discharge plasma and temporally resolved images of the
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flashover formation. These results are compared with literature data for volume breakdown in air, with discussion
on the similarities and differences between the data [J131]

"Diagnostics of Collisionless Processes in Plasma"
The importance of phase-space resolving diagnostics for understanding collisionless and weakly collisional
plasma is illustrated with three examples. The first example is the problem of understanding the plasma ion
response to an external periodic excitation. The second example is the description of the ion density two-point
correlation function. The final example is a new technique for measuring the electron velocity distribution function
in low-temperature plasmas [J132]

"Methane-Augmented Microwave Plasma Burner"
In this paper, a microwave plasma burner for generating an enlarged high-temperature and large-volume plasma
flame by injecting methane gas into the microwave plasma torch was presented. The air microwave plasma torch
explosively burned out the hydrocarbon fuel by high atomic oxygen density. It was observed that the volume of
the plasma-burner flame was more about ten times than that of the plasma-torch flame, showing an expanded
burner flame. In the comparison of flames, while a conventional CH4burner reveals the flame of blue color, the
CH4microwave plasma burner shows milky white flame. Also, preliminary experiments were carried out by
measuring the temperature profiles of flames along axial and radial directions. Also, we measured the
combustion efficiency and reduction rate of NO2for CH4plasma burner by employing gas chromatography and
Fourier transform infrared [J133]

"Measurements of bremsstrahlung spectra of Lanzhou ECR Ion Source No. 3 (LECR3)"
In order to diagnose the electron cyclotron resonance (ECR) plasma, electron bremsstrahlung spectra were
measured by a HPGe detector on Lanzhou ECR Ion Source No. 3 at IMP. The ion source was operated with
argon under various working conditions, including different microwave power, mixing gas, extraction high voltage
(HV), and so on. Some of the measured spectra are presented in this article. The dependence of energetic
electron population on mixing gas and extraction HV is also described. Additionally, we are looking forward to
further measurements on SECRAL (Superconducting ECR Ion Source with Advanced design at Lanzhou). [J134]

"Electron cyclotron resonance ion source DECRIS-4 for the U400 cyclotron"
The electron cyclotron resonance ion source DECRIS-4 has been designed and constructed at the FLNR to be
used as a second injector of heavy multiply charged ions for the U-400 cyclotron. After the modification of the
injection side this source can be also used as a "charge breeder" (the "1+→n+" method) for the second phase of
the Dubna radioactive ion beams project. The main feature of the ion source design is the creation of the
extended resonance zone in a comparatively compact electron cyclotron resonance ion source. For this purpose
the axial magnetic field is formed with a flat minimum. In this case the superposition of the axial magnetic field
and the radial field of the permanent-magnet hexapole, made from NdFeB, allows one to create a larger
resonance volume. For the plasma heating a microwave frequency of 14 GHz is used. In this paper we will
present the basic design features of the ion source, including the results of the magnetic-field measurements.
Some preliminary results of ion source tests are also reported. [J135]

"Extraction of single-ion beams from helicon ion source in high plasma density operation mode:
Experiment and simulation"
Tests of a high plasma density high-brightness helicon ion source for nuclear microscopy applications are
underway. Experiments were performed with hydrogen, helium, and argon. Different extraction structures of the
helicon rf ion source were investigated with an imposed external magnetic field. We present measurements of
the extracted current as a function of the extraction voltage and rf power. The source has been diagnosed by a
microwave interferometer. Plasma densities in the vicinity of the emission hole of up to 7.2×1012cm-3(for
argon), 1.6×1012cm-3(for helium), and 6.0×1011cm-3(for hydrogen) were obtained for working gas pressure of

5mTorrand rf power 350W(frf=27.12MHz). The ion current density was 80mA/cm2with high percentage of
protons in the beam ( 80%). In the extraction structure, the cathode channel has a 3mmlength and a
0.6mmdiameter. The phase set degradation due to aberrations in the extraction structure of the helicon rf ion
source was simulated for a fourth-order approximation in series expansion of the electrostatic potential and
third-order approximation in series of the magnetic fields, by the matrizant method. The calculations were
performed involving experimental data on ion energy spread, average ion energy, and plasma density of the
helicon rf ion source with permanent magnets. [J136]
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"Technique for measuring D 2 pellet mass loss through a curved guide tube using two microwave
cavity detectors"
Two microwave cavity mass detectors have been used to measure the mass loss of deuterium (D2)pellets
transported through a curved guide tube. The test tube was a mock-up of the pellet injection guide tube for the
proposed ITER experiment, which will be used to transport pellets, including deuterium-tritium (D-T), from the
pellet acceleration device to the inner wall (or magnetic high-field side) of the large tokamak for pellet injection
and core fueling of plasmas. An accurate estimate of the mass loss is particularly important for D-T injection,
because the inventory of the radioactive isotope (T) for ITER is limited and accountability and recycling will be
crucial issues. In the laboratory, frozen cylindrical D2pellets of nominal 5.3-mmdiameter were shot through the
stainless steel test tube (≈10min length and 10-mminside diameter), with each end equipped with a microwave
cavity. As the pellet passes through each tuned microwave cavity, the peak output signal from the electronics is
directly proportional to the pellet mass. An absolute calibration of the cavities, which can be problematic, is not
needed for the nondestructive technique described here. Instead, a cross calibration of the two cavities with
pellets of varying masses provides the relationship to determine mass loss more precisely than any other
technique previously reported. In addition, the individual output signals from the cavities can be used to identify
intact pellets (a single signal peak) or broken pellets (multiple signal peaks). For the pellet speed range tested in
this study (100-500m/s), the mass loss for intact pellets was directly dependent on the pellet speed, with
≈10%mass loss at 300m/s. The microwave cavities and the associated electronics, as well as some basic
theory, are described; calibration and experimental data are presented and discussed. [J137]

"In situ frequency calibration technique of FM reflectometer"
A frequency modulation (FM) reflectometer is designed to linearly sweep the microwave frequency in order to
diagnose the plasma density profile. The static characteristic curve of the frequency versus the control voltage
can be easily measured by using a spectrum analyzer. However, it is not guaranteed that the characteristic curve
will be the same when the frequency is swept. A technique is devised which measures the dynamic
characteristics by using the reflectometer itself. The results show that the shape of the characteristic curve does
not depend on the sweep rate but on the time delay between the control voltage of the function generator and
the microwave frequency at the detector input. This time delay should be compensated. Based on this measured
characteristic curve, the frequency sweep rate and the distance between the antenna and the vacuum chamber
are experimentally determined. [J138]

"Application of differential phase method to interferometry"
The differential phase (DP) method was applied to microwave interferometry for the first time. Its advantage over
standard interferometry is that the greatly reduced phase shift enables the unique determination of phase. Such
a system was implemented on the Tokyo Spherical Tokamak-2 (TST-2), and demonstrated that the correct
phase shift can be obtained even when the probing frequency is close to the cutoff density, and that very fast
time evolutions of the line-integrated density can be measured. [J139]

"Recent improvements of the broadband FMCW reflectometry system for density profile
measurements on ASDEX Upgrade"
The broadband FMCW reflectometry system on ASDEX Upgrade has had significant improvements extending its
measuring capabilities both on high and low density plasmas: (i) the upgrade of the Wband to probe electron
densities up to 12.4×1019m-3with Omode, (ii) Qand Vfrequency bands operating in Xmode to probe the edge
plasma and to provide information for O-mode profile initialization, and (iii) a new dynamic frequency calibration
method to take into account all existing delays in the hyperabrupt varactor-tuned oscillator (HTO) tuning port and
driver electronics. These improvements are particularly important to measure accurately the edge pedestal region
of high density ITER relevant discharges. Density profiles obtained in high density discharges are presented and
compared with results from both Li-beam and Thomson scattering diagnostics. [J140]

"Characterization of modes in coaxial vircator"
Modes' character of high-power microwave (HPM) pulses generated in coaxial vircator is discussed. The
electromagnetic (EM) field gains due to beam-wave interaction for TM01and TE11modes are derived according
to the E-field distribution pattern inside the anode cavity. Two-and-a-half dimensional (2.5-D) and three-
dimensional (3-D) computer simulations are carried out to determine the main mode under different numerical
simulation coordinate systems. Finally, the experimental verification is obtained by two different diagnostic
methods. The results indicate that for most cases, the TE11mode dominates the output power in the coaxial
vircator studied. [J141]
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"Reflectometer sensing of rf waves in front of the high harmonic fast wave antenna on NSTX"
The ability to measure rf driven waves in the edge of the plasma can help to elucidate the role that surface
waves and parametric decay instabilities (PDIs) play in rf power losses on NSTX. A microwave reflectometer has
recently been modified to monitor rf plasma waves in the scrape-off layer in front of the 30MHzhigh harmonic
fast wave antenna array on NSTX. In rf heated plasmas, the plasma-reflected microwave signal exhibits
30MHzsidebands, due primarily to the modulation of the cutoff layer by the electrostatic component of the
heating wave. Similarly, electrostatic parametric decay waves (when present) are detected at frequencies below
the heating frequency, near 28, 26,…MHz, separated from the heating frequency by harmonics of the local ion
cyclotron frequency of about 2MHz. In addition, a corresponding frequency matched set of decay waves is also
detected near the ion cyclotron harmonics at 2, 4,…MHz. The rf plasma-wave sensing capability is useful for
determination of the PDI power threshold as a function of antenna array phasing (including toroidal wavelength),
outer gap spacing, and various plasma parameters such as the magnetic field and the plasma current. [J142]

"New diagnostic techniques and technologies at JET (invited)"
The European Fusion Development Agreement's mission for JET is the development of ITER scenarios
exploiting the specific properties of the device. This task requires significant improvements in the measuring
techniques. The most innovative diagnostic upgrades are in the fields of edge measurements, detection of fast
magnetohydrodynamics modes and "burning plasma" diagnostics. The importance of plasma-wall interactions,
and, in particular, the issue of tritium inventory promoted the development of the quartz microbalance, a detector
with improved time resolution to measure material redeposition in the remote areas of the inner divertor.
Measurement of Alfven cascades with unprecedented spectral resolution, reaching a toroidal nnumber of up to
16, was obtained using an O-mode microwave reflectometer as an interferometer. For the diagnosis of the
fusion products, a new approach is being developed to measure the He ash based on double charge exchange
between thermalized particles and neutrals from JET beams. There have been several upgrades of the neutron
diagnostic systems, one of which, the new time of flight neutron spectrometer designed for high counting rates is
described. [J143]

"New diagnostic systems on HL-2A"
Three new diagnostic systems have been presented in this article: (1) the pulse molecular beam injection as a
modulated particle source and microwave reflectometry for investigation of the particle transport, (2) a new three-
step electrostatic probe array for zonal flow studying, and (3) eight-channel laser interferometer with 6mHCN
laser for electron density profile measurement with good spatial resolution. The main experimental results have
also been shown briefly. [J144]

"Role of neutral molecule chemistry in electron cyclotron resonance microwave plasmas capable of
diamond deposition"
The chemical compositions of 4% carbon in hydrogen/deuterium electron cyclotron resonance (ECR) microwave
plasmas based on ethane, ethylene, acetylene, and methane, as determined by supersonic pulse, plasma
sampling mass spectrometry, have been kinetically modeled using only a steady-state concentration of hydrogen
to represent the role of the plasma. Using 375 isotopically labeled chemical steps based on 54 reversible neutral
molecule chemical reactions, simulated spectra were generated that matched all eight experimental spectra
using only literature values of the kinetic and energetic constants and three physically reasonable fitted
parameters that were held constant for all eight simulations. The success of the modeling provides strong
evidence that the chemistry of ECR-microwave plasmas is dominated by neutral molecule reactions. [J145]

"Microwave plasma burner and temperature measurements in its flames"
An apparatus for generating flames and more particularly the microwave plasma burner for generating high-
temperature large-volume plasma flame was presented. The plasma burner is operated by injecting liquid
hydrocarbon fuels into a microwave plasma torch in air discharge and by mixing the resultant gaseous hydrogen
and carbon compounds with air or oxygen gas. The microwave plasma torch can instantaneously vaporize and
decompose the hydrogen and carbon containing fuels. It was observed that the flame volume of the burner was
more than 50 times that of the torch plasma. While the temperature of the torch plasma flame was only 550Kat a
measurement point, that of the plasma-burner flame with the addition of 0.025lpm(liters per minute) kerosene
and 20lpmoxygen drastically increased to about 1850K. A preliminary experiment was carried out, measuring the
temperature profiles of flames along the radial and axial directions. [J146]

"Searching for O-X-B mode-conversion window with monitoring of stray microwave radiation in
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LHD"
In the Large Helical Device, the stray microwave radiation is monitored by using so-called sniffer probes during
electron cyclotron heating. In monitoring the stray radiation, we changed the microwave beam injection angle
and search the O-X-Bmode-conversion window to excite electron Bernstein waves (EBWs). When the
microwave beam is injected toward the vicinity of the predicted O-X-Bmode-conversion window, the electron
temperature rises in the central part of overdense plasmas. In that case, the stray radiation level near the
injection antenna becomes low. These results indicate that monitoring the stray radiation near the injection
antenna is helpful in confirming the effectiveness of excitation of EBWs simply without precise analysis. [J147]

"Microwave imaging reflectometry in LHD"
A multichannel reflectometry with an imaging optical system is under development for the measurement of the
electron density fluctuations in the Large Helical Device (LHD). The right-hand cutoff layer is utilized as a
reflection surface. The angle of an ellipsoidal mirror installed inside the vacuum chamber is remotely adjustable
with the ultrasonic motor in order to optimize the illumination angle for the wider range of the plasma
parameters. An oscillation due to density fluctuation was observed using the microwave imaging reflectometry
for the first time in LHD plasma experiment. [J148]

"Fast gas injection as a diagnostic technique for particle confinement time measurements"
The determination of the effective particle confinement time (tau p*), i.e., the particle confinement time
normalized to recycling coefficient, is difficult when its value is long compared to the discharge duration in
magnetically confined plasmas. Recent experiments on the current drive experiment upgrade (CDX-U) spherical
torus have successfully achieved a significant reduction in recycling with large-area liquid lithium plasma-facing
surfaces. The low recycling walls result in an increase in particle pumping and make it possible to measure tau
p*in short duration plasmas. Measurements of tau p*are made using a supersonic gas injector which is closely
coupled to plasma. A fast gas pulse is emitted from the supersonic gas injector, after which the density decay is
measured using a microwave interferometer. The design of the supersonic gas injector and its configuration on
CDX-U will be presented. The results of this technique will be shown as applied to the study of the effects of a
liquid lithium toroidal limiter and evaporative lithium coatings on overall plasma density and tau p*. [J149]

"Electron and metastable state interactions in two-step ionization waves"
We demonstrate the use of a microwave hairpin resonator to measure the time-dependent, phase-resolved
electron number density in ionization waves. Under our argon glow discharge conditions, the instability was
caused by two-step ionization; and the wave frequency depended on the volume quenching rate of the
metastable states. We measured the 1s5metastable state density using diode laser absorption. The peak
electron number density lagged behind the peak metastable state density by 60°. This phase shift reveals the
nonlocal nature of the electron kinetics due to two-step ionization. [J150]

"Atmospheric-pressure hybrid plasma with combination of ac and microwave"
A hybrid plasma system with combination of ac and microwave at atmospheric pressure was developed. The
hybrid plasma is initiated by ac capillary plasma, is stabilized by a flowing channel of working gas through
common electrodes, and is expanded by the dissipation of microwave energy, revealing two distinguishable
plasma columns of about 1min length and a transition point. The capillary in the hybrid plasma system is working
as a common electrode for the microwave and ac plasmas. Optical emission spectroscopy is used to
characterize and monitor the argon and nitrogen excited species produced in different plasma columns. [J151]

"Multichannel ultrashort pulsed radar reflectometer on LHD"
An ultrashort pulsed radar reflectometer with 24 channels in the Kaband and four channels in the Xband is used
for the electron density profile measurements in the Large Helical Device. An ultrashort pulse has broadband
frequency components. However, we have usually utilized the discrete frequency components because we apply
a filter bank system in a time-of-flight measurement. To utilize the whole frequency spectrum of the impulse we
apply the switching technique of the intermediate frequency signal and the frequency modulation of the local
oscillator. A more detailed reconstructed electron density profile, compared to that of the previous system, is
obtained by using an Abel inversion method from the profile of the delay time as a function of the probing
frequency. [J152]

"Electron density fluctuation measurements using a multichannel microwave interferometer in
GAMMA 10"
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Measurement of fluctuation in plasma is important for studying the improvement in plasma confinement by the
formation of the plasma confinement potential. The density fluctuation is observed by microwaves by methods
such as interferometry, reflectometry and Fraunhofer diffraction method. We have constructed a new
multichannel microwave interferometer to measure the plasma density and fluctuation radial profiles in a single
plasma shot. We successfully measured the time-dependent density and line-integrated density fluctuation radial
profiles in a single plasma shot using the multichannel microwave interferometer. Thus, we have developed a
useful tool for studying the improvement in plasma confinement by the formation of plasma confinement
potential. [J153]

"Ultrafast millimeter-wave frequency-modulated continuous-wave reflectometry for NSTX"
The millimeter-wave frequency-modulated continuous-wave (FM-CW) reflectometer on NSTX is a multichannel
system providing electron density profile measurements with a frequency coverage of 13-53GHz[corresponding
O-mode density range of (0.21-3.5)×1013cm-3]. Recently, this system has been modified to allow ultrafast full-
band sweeps for repetition intervals down to 10mu s. For this system to function as a fluctuation diagnostic it is
crucial to eliminate artifacts in the phase derivative caused by nonlinearities in the frequency sweep; we
introduce a simple hardware technique for reducing these artifacts to 0.3%. For NSTX, the additional
bandwidth (≤100kHz)greatly enhances the capability of the FM-CW reflectometer as a diagnostic for low
frequency magnetohydrodynamics instabilities (e.g., internal kinks, resistive wall modes, neoclassical tearing
modes, as well as fast-particle driven fishbones and low frequency toroidal Alfven eigenmodes). [J154]

"X -mode reflectometry measurements in the JET plasma core region"
The X-mode radial correlation reflectometry diagnostic on JET has long suffered from strong signal attenuation in
the original transmission lines. To reach higher performances, new low-attenuation corrugated circular
waveguides and a new cluster of six antennas have been successfully installed in Autumn 2005. The increase of
the signal-to-noise ratio using these new transmission lines is found to be on the order of magnitude of 20dB,
thus enabling good quality of reflectometry measurement. With the benefit of this improvement, first X-mode
reflectometry measurements of density fluctuations in the core region of the JET plasma are reported in this
article. [J155]

"Cold atmospheric plasma in nitrogen and air generated by the hybrid plasma source"
Generation of long plumes of cold atmospheric plasma in nitrogen and air has been successfully performed by
the hybrid hollow electrode activated discharge (H-HEAD) source. The source with a simple cylindrical electrode
terminated by a gas nozzle combines the microwave antenna plasma with the hollow cathode plasma generated
inside the gas nozzle by pulsed dc power. The H-HEAD source is capable of generating up to 10 cm long
plumes in air at microwave powers below 500 W and at air flow rates as low as 100 sccm (standard cubic
centimeter per minute). The corresponding flow rates in the nitrogen plasma are even less than 80 sccm. The
discharges in air and nitrogen have similar shapes and are comparable with the corresponding plasma columns
in argon. A comparison of the optical emission spectra of the plasma in nitrogen and air is presented. The
temperatures generated on steel substrates by interaction with nitrogen and air plasma columns at different
microwaves and dc powers are compared with the corresponding effects in argon plasma. [J156]

"Characteristic Study of a Portable Arc Microwave Plasma Torch"
The development of a plasma torch, which carries desirable features to be an ignition aide within a supersonic
combustor, is studied. The desirable features include: 1) a microwave adaptor arrangement to couple additional
power (from microwave as well as arc discharge) to the plasma torch; 2) an additional port for fuel injection; and
3) compactness (including the power supply), portability, and light weight. The plasma jet generated by this torch
is described by the cycle energy of the discharge and by the imaging of its plume under various conditions,
supply air pressures, and microwave (on or off) to the torch. This torch system, with its high-voltage discharge, is
operated in periodic (60-Hz) mode. The capacitors in the circuit of the power supply are charged at a line
frequency of 60 Hz, resulting in a cyclical discharge. The cycle energy reaches up to 12 J. The microwave
electric field has a profound effect on the arc discharge. It intensifies the emission and increases the volume of
the arc loop region. It also enhances the electron temperature significantly, as shown by the emission
spectroscopy of the torch. The spatial distribution of the microwave electric field outside the nozzle of the torch
module is not affected by the supersonic crossflow, which is a favorable feature for increasing the penetration
depth of the torch plume into the supersonic crossflow in the combustor [J157]

"Microwave diagnostics of laser-induced avalanche ionization in air"
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This work presents a simplified model of microwave scattering during the avalanche ionization stage of laser
breakdown and corresponding experimental results of microwave scattering from laser breakdown in room air.
The model assumes and measurements confirm that the breakdown regime can be viewed as a point dipole
scatterer of the microwave radiation and thus directly related to the time evolving number of electrons. The delay
between the laser pulse and the rise of the microwave scattering signal is a direct measure of the avalanche
ionization process. [J158]

"Remote experiment of ultrashort-pulse reflectometry for large helical device plasmas"
An ultrashort-pulse reflectometer (USPR) has been applied to the large helical device plasmas in National
Institute for Fusion Science for edge density profile measurement. Remote control system using super science
information network has been introduced to the USPR system. The remote console at Kyushu University having
graphical user interface is prepared to control the instruments of the USPR via the general-purpose interface
bus. The operations such as the adjustment of supply voltage fed to amplifiers and the frequency doubler, timing
control of the impulse, data acquisition, and monitoring can be performed from the remote site. The position of
transmitter and receiver antennas can also be controlled remotely in order to observe the cutoff layer depending
on various plasma conditions. The directly recorded signal by a sampling scope is analyzed and reconstructed
by means of the signal record analysis method. [J159]

"Analysis of multifrequency interferometry in a cylindrical plasma"
A microwave interferometer operating simultaneously at 70, 90, and 110GHzis used to measure line integrated
electron density in a plasma column in the VX-20 experiment. Interferometer beam sizes are a significant part of
the plasma radius at some locations. We model the wave propagation through the plasma using a scalar wave
approximation with assumptions of a Gaussian beam profile and plasma spatial profile. The phase shifts obtained
from this model are compared with standard thin beam calculations and experimental data. [J160]

"Homodyne reflectometer for neutral beam injection interlock on large helical device"
Neutral beam injection (NBI) into low-density plasmas can cause serious damage to the vacuum vessel wall. It is
necessary to stop the NBI when the plasma terminates. This needs a reliable density monitor for NBI interlock. A
three-channel homodyne reflectometer, installed on a large helical device was used for an NBI interlock.
Microwaves of 28.5, 34.9, and 40.2GHzwere injected with Omode polarization. At present, a simple homodyne
detection scheme is used. The reflected signal consists of a dc component due to local and reflected power and
an ac component due to fluctuations in the position of the cutoff layer. Since the change in dc signal was very
small, the root mean square value of the ac signal was used as the interlock signal. At present the
34.9GHzOmode channel, whose Omode cutoff density is 1.5×1019m-3, is used for the interlock. The system
has been working since the first NBI experiments on LHD in 1999. [J161]

"Multilayer vacuum window for wide-band microwave plasma diagnostic systems"
Microwave diagnostics, e.g., reflectometry and electron cyclotron emission in plasma machines, often require
large windows displaying low attenuation and reflection on a wide band, in addition to some basic features such
as vacuum tightness and mechanical robustness. Wide-band matching is usually achieved by coating the
window with dielectric layers of suitable permittivity and thickness. On the vacuum side the coating must also be
vacuum compatible and resistant to the thermal radiation coming from plasma. On the RFX machine, to satisfy
these requirements, a boron nitride disk properly machined on the surface facing the plasma has been clamped
to the existing fused silica window. The addition of a Teflon layer on the air side allowed to attain power
reflection coefficients as low as 0.025 in the frequency ranges of 26.5-40, 40-56, and 56-75GHzand as low as
0.01 in the frequency ranges of 75-92 and 92-110GHz. [J162]

"Retrieval of information about turbulence in rain by using Doppler-polarimetric Radar"
This paper considers new possibilities of turbulence intensity retrieval by using Doppler and Doppler-polarimetric
radar sounding. Peculiarities of microwave scattering on moving droplets of different size and shape underlie
new methods that are introduced, discussed, and checked by using radar data [J163]

"Resonant reradiation of electromagnetic waves by thin conductors with transverse gaps"
Transverse gaps are introduced in thin-wire conductors to extend the region of phase variations of currents that
are induced on them by an incident electromagnetic wave. Periodically placed gaps lead to qualitative changes in
the properties of reradiated waves, such as the appearance of resonances corresponding to total reflection and
total transmission of the incident wave. It is shown that total reflection occurs in a narrow band and depends very
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weakly on the incident angle of the illuminating radiation. This idea leads to novel filters and switches, whose
operation is practically independent of the structure of the incident wave. Total resonant reflection can occur for
conductors with high optical transparency, a property that is useful for various microwave diagnostic devices.
Because of the increased radiation resistance of such structures, the resonant effects under consideration
depend weakly on conductivity. For gratings made using these conductors with gaps stacked above a metal
ground plane, it is possible to controllably collimate the rays. Expansion of the scattered fields in terms of
Rayleigh's series, together with Poisson's summation formula, are used for numerical simulations of such
structures. [J164]

"A 5-by-5 element coupled oscillator-based phased array"
Design, fabrication, and test of a 25-element planar coupled oscillator based phased array is described. The
array operates at S-band and is shown to produce an agile beam which is steerable via adjustment of the
perimeter oscillator tuning biases only. A phase diagnostic system is described which displays the aperture
phase distribution during the far field measurements of the radiated beam. Measured results are presented both
with and without the diagnostic system present. Without the diagnostic system, the beam pointing was achieved
by setting the perimeter oscillator biases to be values previously used in the measurements with the diagnostic
system present. The far field was then measured without the benefit of a knowledge of the aperture phase
distribution. Finally, the results of far field measurements are described in which the beam position was
incremented from a position previously measured with the diagnostic system in place to a new position by
incrementing the perimeter oscillator biases by a fixed amount. [J165]

"Real time polarization monitor developed for high power electron cyclotron resonance heating and
current drive experiments in large helical device"
The polarization state of a wave is an important factor in electron cyclotron resonance heating (ECRH) and
current drive (ECCD), for it strongly affects the propagation and absorption of the wave in the plasma. A real-
time monitor of the polarization of the EC beam has been developed for use in ECRH/ECCD experiments in
large helical device (LHD). Two orthogonal components of the wave field are measured in one of the miter-bends
by use of a specially designed coupler and a waveguide circuit with a 0°-90° phase switch to deduce the
polarization parameters: the polarization angle alpha and the ellipticity beta . Since fast-response pin diodes are
used for the switches, the polarization is determined every 3 ms, facilitating real time acquisition of the
polarization. This article reports on the design and the principle of this monitor as well as on the algorithm used
to calculate alpha and beta . This article also reports on the method of calibration, for the accuracy of this
measurement depends on it. Finally, a comparison is made between polarization parameters measured by a
monitor actually installed on one of the ECRH transmission lines on LHD and the value set by the polarizer in
ECRH experiments. [J166]

"Phase measurement algorithm without phase jump"
A phase comparator provides two outputs proportional to the cosine and sine of the input phase difference. A
new algorithm is devised which calculates the phase from the comparator outputs without a phase jump and
without the limit of 2pi . Instead of calculating the absolute phase at a given time, it calculates the relative phase
differences between two subsequent measurements and accumulates them to get the absolute phase. The
phase jump can be avoided if the sampling time is selected fast enough that the phase variation does not
exceed 2pi during the sampling period. [J167]

"The effect of the gas flow-rate on the radial structure of a torch-like helium plasma"
The effect of the gas flow-rate on the radial structure of a torch-like helium microwave plasma has been studied
by measuring the radial distributions of emission intensity of spectral lines from helium and from the air that
surrounds the discharge. It has been found that increasing the gas flow-rate leads to an increase of the
maximum of the spectral lines and a shift of these emission peaks toward the plasma edge. Apart from that, it is
found that the entrainment of air into the plasma increases with the flow-rate. [J168]

"Pulsed microwave discharges sustained at atmospheric pressure: study of the contraction and
filamentation phenomena"
Contraction and filamentation phenomena are studied in a neon atmospheric-pressure microwave discharge
sustained in a pulsed-power regime. The time evolution of the discharge is observed by means of an intensified
charge coupled device (ICCD) and analyzed in terms of nonuniform gas heating and electromagnetic skin effect.
[J169]
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"Electron and ion sheath effects on a microwave "hairpin" probe"
A microwave measurement of electron density in low-pressure plasmas can be based on a hairpin probe. The
hairpin forms a transmission line that supports a quarter-wavelength standing wave. The resonance is related to
the relative permittivity of the surroundings, and hence, in a plasma, electron density can be evaluated. For
improved fidelity, a general model is developed to include the effects of positive and negative space-charge
sheaths formed around the hairpin wires. The former tends to lower the resonance, whereas the latter tends to
raise it initially. This is qualitatively in agreement with experiments in dc argon plasmas. [J170]

"Magnetic pull: biological effects or medical applications?"
One of the questions on the IMS 2005 Quiz, is related to the magnetic fields used in magnetic resonance
imaging (MRI) machines. In particular, it asked: an MRI (magnetic resonance imaging) machine uses: a) high-
intensity static magnetic fields; b) time-varying magnetic fields in the kHz range; c) radio-frequency (RF) fields in
the MHz range; and d) All of the above. The correct answer, d) All of the above, highlights the fact that an MRI
machine employs all three types of fields in order to accomplish three-dimensional imaging for medical
diagnostics. Therefore, in terms of safety, electromagnetic field exposure to patients and medical personnel
needs to be assessed for all three types of fields. This is a much greater concern for open MRI systems, where
the magnet surrounds the patient only partially in order to allow the medical personnel to perform procedures on
the patient, guided by the MRI images. The IEEE Committee on Man and Radiation (COMAR) is in the final
stages of preparing a technical information statement (TIS) on the subject. [J171]

"Thermal inequilibrium of atmospheric helium microwave plasma produced by an axial injection
torch"
The population density of several excited states has been obtained spectroscopically in a helium plasma
sustained by a torch device at atmospheric pressure as a function of the radius in the plasma for different
conditions of microwave power and plasma gas flow. The ground-state atom density is determined from the gas
temperature, which is deduced from the rotational temperature of the molecular nitrogen ions. The population
distribution is fitted to the theoretical results of a collisional-radiative model that includes particle transport. A
large deviation of the measured populations is found from the theoretical populations for local thermodynamic
equilibrium. The plasma at any radial position is far from local thermodynamic equilibrium; the equilibrium
deviation parameter of the ground state is larger than 10 000. The equilibrium deviation parameters of the
measured excited-state populations obey the theoretical pk-6exponential law. [J172]

"Transition from diffuse to filamentary domain in a 9.5 GHz microwave-induced surface discharge"
The transition from the low-pressure diffuse to the high-pressure filamentary domain of a 9.5GHzmicrowave-
induced surface discharge in air is recorded. The discharge employs several half-wavelength initiators that locally
enhance the electric field to achieve breakdown in the higher-pressure subcritical region. Visible light imaging
illustrates the qualitative changes in discharge morphology over the pressure range 4.5to760Torr(0.6to100kPa).
[J173]

"Microwave-tomographic imaging of the high dielectric-contrast objects using different image-
reconstruction approaches"
Microwave tomography is an imaging modality based on differentiation of dielectric properties of an object. The
dielectric properties of biological tissues and its functional changes have high medical significance. Biomedical
applications of microwave tomography are a very complicated and challenging problem, from both technical and
image reconstruction point-of-views. The high contrast in tissue dielectric properties presenting significant
advantage for diagnostic purposes possesses a very challenging problem from an image-reconstruction
prospective. Different imaging approaches have been developed to attack the problem, such as two-dimensional
(2-D) and three-dimensional (3-D), minimization, and iteration schemes. The goal of this research is to study
imaging performance of the Newton and the multiplicative regularized contrast source inversion (MR-CSI)
methods in 2-D geometry and gradient and MR-CSI methods in 3-D geometry using high-contrast, medium-size
phantoms, and biological objects. Experiments were conducted on phantoms and excised segment of a pig hind-
leg using a 3-D microwave-tomographic system operating at frequencies of 0.9 and 2.05 GHz. Both objects
being of medium size (10-15 cm) possess high dielectric contrasts. Reconstructed images were obtained using
all imaging approaches. Different approaches are evaluated and discussed based on its performance and quality
of reconstructed images. [J174]

"Time-resolved measurements of electron number density and collision frequency for a fluorescent
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lamp plasma using microwave diagnostics"
Microwave interferometry is an established nonperturbing plasma diagnostic technique to measure plasma
number density that is simple, accurate, robust, and reliable. This paper reports a related microwave diagnostic
method that measures both the electron number density and the electron-neutral collision frequency, which are
crucial to understanding the behavior and transport coefficients of plasma. This method measures the
attenuation and phase shift of a microwave signal propagating through a plasma with a network analyzer. These
measured quantities are related to the real and imaginary parts of the plasma index of refraction by Appleton's
equations, which contain the electron number density and collision frequency. Since the electron number density
and collision frequency can be obtained directly from measured quantities, one need not know the electron
energy distribution function, the electron kinetic temperature, or the electron energy-dependent cross section for
the collision process to determine the electron collision frequency. The experimental measurements used to
illustrate the method are a paired comparison of the time-resolved electron number density and collision
frequency of two types of commercial fluorescent lamps: the "standard" mercury-based lamp, and the recently
introduced "green" low mercury lamp. Since the plasma properties are periodic at 60 Hz, time-resolved
measurements could be made by using the external triggering feature of the network analyzer. Data were taken
to illustrate the variation of electron number density and collision frequency during one 60-Hz cycle of the
fluorescent lamp plasmas. [J175]

"Negative hydrogen ion sources for accelerators"
A variety of H-ion sources are in use at accelerator laboratories around the world. A list of these ion sources
includes surface plasma sources with magnetron, Penning and surface converter geometries as well as
magnetic-multipole volume sources with and without cesium. Just as varied is the means of igniting and
maintaining magnetically confined plasmas. Hot and cold cathodes, radio frequency, and microwave power are
all in use, as well as electron tandem source ignition. The extraction systems of accelerator Hon sources are
highly specialized utilizing magnetic and electric fields in their low energy beam transport systems to produce
direct current, as well as pulsed and/or chopped beams with a variety of time structures. Within this paper,
specific ion sources utilized at accelerator laboratories shall be reviewed along with the physics of surface and
volume H-production in regard to source emittance. Current research trends including aperture modeling, thermal
modeling, surface conditioning, and laser diagnostics will also be discussed. [J176]

"Microwave Measurement of Decaying Plasma in Liquid Helium"
Decaying plasma in a microwave cavity filled with liquid helium (LHe, hereafter) is studied. An X-band$
TE_113$mode cylindrical cavity is filled with LHe, and a high-voltage pulse with duration 7$mu$s, voltage$ Vleq
20 kV$, and current$ Ileq 360 A$is applied between a tungsten needle electrode and a thin stainless-steel mesh
which separates an adjacent small discharge space from the cavity. The transmission signals through the cavity
show the presence of decaying plasma in LHe with decay time on the order of 200 ms for a temperature range
from 4.2 to 2.3 K at saturating vapor pressure. The response signals are suppressed in the pressurized LHe, as
well as in superfluid LHe below 2.17 K. Our estimated mass of the charged carriers just after the pulsed
discharge, assuming a diffusion loss mechanism, is much less than the value known as an effective mass of
heavy ions which were produced by a steady-state ion source in LHe measured by Poitrenaud and Williams
(1972). Our experimental observation suggests that the heavy effective mass of ions in LHe might take time to
develop to its full extent. [J177]

"Observations of gain on the I (2 P1/2 →2 P3/2 ) transition by energy transfer from O 2 (a 1 Delta g
) generated by a microwave discharge in a subsonic-flow reactor"
The excitation of I(2P1/2)in the reactions of discharge-generated O2(a1Delta g)and O(3P)with I2has been
investigated in a microwave discharge-flow reactor at 1.5Torrand 350Kusing a suite of optical absorption and
emission diagnostics to detect O2(a1Delta g), O, I(2P1/2), and I(2P3/2)with high sensitivity. For O2(a1Delta
g)yields of 0.20-0.25 generated by the microwave discharge, positive gain on the I(2P1/2→2P3/2)transition at
1.315mcmwas observed when O concentrations were reduced by reaction with added NO2. The results imply
quenching mechanisms for I(2P1/2)which are much faster than direct collisional deactivation by O. [J178]

"2.45 GHz microwave-excited atmospheric pressure air microplasmas based on microstrip
technology"
A plasma system based on microstrip technology was developed for the generation of atmospheric pressure
microplasmas. A discharge gap was placed between the striplines and the ground plane on the transverse cross
section in the direction of microwave propagation. This microstrip structure permits the concentration of electric
fields at the discharge gap, which is confirmed by a computer simulation using the three-dimensional simulation
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code based on the finite-difference time-domain method, and can produce atmospheric pressure plasmas even
in air. The microplasmas were sustained in the discharge gap (width: 0.2 mm, length: 6 mm) at a microwave
power of 1 W. The experimentally measured rotational temperature of nitrogen molecules was 800 K, indicating
these plasmas to be nonthermal plasmas. This plasma system will provide a portable microplasma system
utilizing a small semiconductor microwave source and a large-scale atmospheric pressure nonthermal plasma
using the array configuration. [J179]

"Characterization of the cold atmospheric plasma hybrid source"
Parameters of the hybrid hollow electrode activated discharge (H-HEAD) source for cold atmospheric plasma
applications are described. The source with a simple cylindrical electrode terminated by a gas nozzle combines
the microwave antenna plasma with the hollow cathode plasma generated inside the nozzle by a pulsed dc
power. The source can produce over 15 cm long plasma plumes at less than 200 sccm of argon and 100 sccm
of neon flowing in open air at the microwave power of 400 W (2.4 GHz). Parameters of the hybrid plasma are
controlled by both the microwave power and the power delivered to the hollow cathode. An anomalous effect of
a sharp increase in the length of the plasma plume at low gas flows is discussed. Results of the optical emission
spectroscopy in argon and neon are presented. Optical spectra confirmed the presence of Ti and Fe from the
hollow cathode in the plasma. The production of metal increases with the power applied to the hollow cathode.
Traces of Ti from the hollow cathode have been found at substrates positioned as far as 2 cm from the cathode.
This finding confirms the possibility to use the H-HEAD source for atmospheric physical vapor deposition (PVD)
and hybrid PVD and plasma-enhanced chemical-vapor deposition of composite films. [J180]

"Properties of atmospheric pressure plasmas with microwave excitations for plasma processing"
Atmospheric pressure plasmas with microwave excitations were successfully produced in dielectric barrier micro
plasmas employing N2, Ar, or He gas. N2optical emissions of the second positive system were measured for
evaluating the gas temperature. The gas temperatures of the plasmas could be much less than 1000 K.
Blackbody emissions were measured by Fourier transform infrared spectrometer for evaluating the electrode
temperature. Temperatures of both the gas and electrode were evaluated by fitting the experimental results with
calculations. The gas temperature in the N2plasma was notably increased with the discharge time as compared
with those in Ar and He plasmas. It was found that the pulsed discharge and the water-cooled electrode were
effective for reducing the gas temperature. The pulsed discharge decreased the gas temperature from 900 to
600 K, and the water-cooled electrode decreased the gas temperature by more than 200 K. Controlling the
temperature of the electrodes was the most effective technique to reduce the gas temperature, because the gas
temperature was in equilibrium with the electrode temperature. [J181]

"Microwave diagnostics of small plasma objects"
We suggest an approach for using microwave radiation in collisional, weakly ionized plasma diagnostics when
plasma dimensions are relatively small compared with the microwave wavelength. We show that in this case the
microwave diagnostics can be based on the measurement of the radiation scattered by an oscillating plasma
dipole, similar to the Rayleigh scattering of an atom in light. Examples considered show possibilities of obtaining
the decaying plasma parameters (time dependence of charge density and information about loss rates, for
instance) from the measured scattered signal. [J182]

"Ultrahigh-speed etching of organic films using microwave-excited nonequilibrium atmospheric-
pressure plasma"
An ultrahigh etch rate (24mcm/minat 155°Cand 0.3mm/minat 325°C) of an organic film was successfully
achieved using a microwave-excited nonequilibrium atmospheric-pressure plasma source employing He and
O2gases. This has the potential to be applied to various kinds of fabrication of structures for
microelectromechanical systems and bionanotechnology. A stable glow discharge was realized between the
narrow gap (200mcm)electrodes covered with a dielectric film in atmospheric pressure. The etching
characteristics were investigated by changing the O2flow rate and the distance of the substrate from the
electrode. In order to clarify the ultrahigh etching mechanism, in situ diagnostic methods, including two-
dimensional imaging of optical emissions in the plasma with an intensified charge-coupled device camera,
electron-density evaluation using the Stark-broadened profile of the hydrogen Balmer beta line in optical
emission spectroscopy, and two dimensional spatial distribution of ozone density measured with ultraviolet
absorption spectroscopy, have been performed. It was found that O atoms were the dominant etching species
for ultrahigh-speed etching of the organic film, and the effect of ozone on the etching process was negligible.
[J183]
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"Etching process of silicon dioxide with nonequilibrium atmospheric pressure plasma"
An ultrahigh etch rate (14mcm/min)of SiO2and a high selectivity of SiO2/Siover 200 were achieved using a
microwave-excited nonequilibrium atmospheric pressure plasma source employing He, NF3, and H2Ogases,
which have been developed for application to microelectromechanical systems and other bionanotechnology
fields. In order to clarify the etching mechanism, two diagnostic methods have been performed: (1) imaging of
plasma emission with an intensified charge-coupled device camera, and (2) absorption measurements using
Fourier transform infrared spectroscopy. The etching characteristics are discussed in relation to the spatial
distributions of the species involved. The etch rate depended considerably on the distance between the plasma
and the substrate. Some radicals generated from the feed gases reached the substrate directly, while other
radicals recombined into different species, which reached the substrate. An abundance of HF molecules were
produced through a reaction between radicals generated by the atmospheric pressure discharge of NF3and
H2O. From these measurements, it has been found that the HF molecules generated played a role in producing
the high etch rate of SiO2and high etch selectivity of SiO2/Si. [J184]

"Electrodynamics of microwave near-field probing: Application to medical diagnostics"
A theory for the near-field (NF) microwave diagnostics of planar-stratified media is developed based on the
design of an equivalent NF probe circuit and the solution of the electrodynamical problem for the electromagnetic
field of antenna in an inhomogeneous ambient medium. The theory has been verified experimentally by probing
into water with controllable dielectric permittivity. A theoretical and experimental study into a possibility to locate
contrast structures (malignant growths) within biological media by means of NF probing has been carried out.
Detectable contrasts of a growth have been calculated depending on its dimensions and depth of occurrence.
Two-dimensional images of a tumorlike contrast object have been obtained for different depths of the object
submersion in water. A measurement technique reducing the masking effect of background fluctuations arising
by probe contact with a pliant surface is proposed. [J185]

"2-D imaging of electron temperature in Tokamak plasmas"
By taking advantage of recent developments in millimeter wave imaging technology, an electron cyclotron
emission imaging (ECEI) instrument, capable of simultaneously measuring 128 channels of localized electron
temperature over a two-dimensional (2-D) map in the poloidal plane, has been developed for the TEXTOR
tokamak. Data from the new instrument, detailing the magnetohydrodynamic (MHD) activity associated with a
sawtooth crash, is presented. [J186]

"On line-ratio analysis for helium-argon microwave discharges"
Regarding spectroscopy diagnostics via line-intensity ratio of high-density diffusion-controlled discharges in
helium-argon gas mixtures, the study presents a collisional-radiative model of the discharge. In order to show
variations of excited-state population densities and line-intensity ratios related to changes of plasma density and
electron temperature, the model is applied to surface-wave-sustained discharges, since the axial structure of
these discharges displays self-consistent variations of the discharge characteristics. The comparison with the
corona model shows the necessity of developing a collisional-radiative model. Possibilities for simultaneous
determination-based on the collisional-radiative model-of electron temperature and plasma density from
measurements of line-intensity ratios are outlined. [J187]

"Control of uniformity of plasma-surface modification inside of small-diameter polyethylene tubing
using microplasma diagnostics"
A hollow-cathode microplasma was used to modify the lumenal surface of small-diameter polyethylene (PE). We
make use of two microplasma diagnostics to monitor the plasma properties during the treatment process. A
microwave cavity was used to measure the density of the microplasma. Emitted light from the microplasma was
fed into a monochromator at various positions along the PE tube to assess uniformity of the microplasma.
Effectiveness of plasma treatments were evaluated using the capillary-rise method at various positions along the
tubing. We show a correlation between the properties of the inner surface of the PE tubing and the light emitted
from the plasma. A Poly(ethylene oxide) (PEO) surfactant was immobilized to the lumenal surface of the PE
tubing using the microplasma discharge. An in vitro blood-circulation loop was constructed to test the
hematocompatibility of the PE tubes. After blood exposure, scanning electron microscope images were taken to
assess the density of adhering platelets along the length of the tubes. The plasma-treated tubing showed fewer
blood adherents than the untreated tubing. By suitably controlling the pressure drop along the tube, the
uniformity of the microplasma treatment along the tubing can be optimized. [J188]
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"Microstrip microwave induced plasma on a chip for atomic emission spectral analysis"
A stable microstrip microwave plasma (MSP) operated at atmospheric pressure with a power of some 10-20 W
and at a gas flow of 0.2-0.8 L/min of argon in a resonant structure produced with the aid of microstructuring
technology on a 5×5 cm2quartz wafer provided with a 0.6-mm diameter plasma channel is described. The
device is shown to be useful for the excitation of atomic and molecular species and for the atomic emission
spectrometric determination of metals and of nonmetals in gases at the trace level, down to the ng/L-level, as
shown for the case of sulfur. [J189]

"Characteristics of an arc-seeded microwave plasma torch"
The design and operation of a portable microwave plasma torch is presented. An arc plasma torch running at 60
Hz and generated by a torch module is installed on the bottom wall in the narrow section of a tapered S-band
rectangular cavity, and is used to seed the microwave discharge at the location where the microwave electric
field is at a maximum. This tapered cavity is designed to support the TE103mode. With seeding, only low Q
cavity and moderate microwave power (time average power of 700 W) are needed. The microwave-enhanced
discharge increases the size, cycle energy, and duty cycle of the torch plasma considerably. This torch can be
run without introducing gas flow to stabilize the arc and microwave discharges. Adding gas flow can increase not
only the size of the torch plasma, but also its cycle energy which reaches a plateau of about 12 J/per cycle for a
gas flow rate exceeding 0.393 l/s. The electron density and excitation temperature, and the composition of torch
species are determined by emission spectroscopy. It is shown that, at the bottom of the torch close to the cavity
wall, electrons distribute quite uniformly across the core of the torch with density and excitation temperature
determined to be about 7×1013cm-3and 8000 K, respectively. It is also found that this torch produces an
abundance of reactive atomic oxygen. [J190]

"Terahertz technology in biology and medicine"
Terahertz irradiation and sensing is being applied for the first time to a wide range of fields outside the traditional
niches of space science, molecular line spectroscopy, and plasma diagnostics. This paper surveys some of the
terahertz measurements and applications of interest in the biological and medical sciences. [J191]

"New tools and series for forward and inverse scattering problems in lossy media"
A convenient rewriting of the pertinent integral equation is exploited to introduce a new model for two-
dimensional electromagnetic scattering by dielectric objects in lossy media. Exploiting this latter, a new series
expansion is introduced to solve the forward problem accurately and effectively. The first term of such a series
coincides, in particular situations, with the well-known extended Born approximation. Theoretical tools and
results are given on the range of applicability and rate of convergence of the series, which favorably compares
with the traditional Born one. These tools allow noticing that the new model exhibits a lower "degree of
nonlinearity" with respect to parameters embedding dielectric characteristics as compared to the traditional
model, thus suggesting its exploitation in the solution of the inverse problem. Numerical examples assessing
effectiveness and convenience of the proposed models, tools and inversion methods are presented. [J192]

"Biomedical engineering's contribution to defending the homeland"
Reports on technological and biomedical initiatives being taken in Japan to counter bioterrorism. These include:
telemedicine; noncontact vital sign monitoring using microwave radar; biomedical optical imaging of trauma
diagnostics; antimicrobial photodynamic therapy; and biological weapon response. [J193]

"Millimeter-wave-induced hypoalgesia in mice: dependence on type of experimental pain"
Millimeter-wave therapy (MWT) is based on the systemic biological effects resulting from local exposure of skin
to low-power electromagnetic waves of millimeter wavelength. The aims of the present study are to quantitatively
evaluate hypoalgesic effects of MWT in murine experimental models of acute and chronic neuropathic pain, and
to compare them with the previously determined MWT-induced hypoalgesia in an experimental model of chronic
nonneuropathic pain, and also to assess the ability of local heating with a Holmium YAG laser to produce
hypoalgesia in mice. The cold and hot water tail-flick tests and the unilateral chronic constriction injury (CCI) to
the sciatic nerve were used as pain models. The MWT characteristics were: frequency =61.22 GHz; average
power density =13.3 mW/cm2; duration of exposure =15 min; and area of exposure-nose. This study
demonstrated that a single MWT most effectively suppressed chronic nonneuropathic pain. Less effectively, a
single MWT reduced pain sensitivity in the murine model of acute pain, and was ineffective in the model of
chronic neuropathic pain. However, multiple MWT reduced the symptoms that developed following CCI. The local
heating of the exposed area did not produce hypoalgesia. The findings support the use of MWT in chronic pain
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states. [J194]

"Electron Cyclotron emission diagnostics for helical plasma in the large helical device"
Electron cyclotron emission (ECE) diagnostics have been developed in the large helical device (LHD). The ECE
is transmitted over 80 m from the antenna to the spectrometer with the corrugated waveguide system, which has
a low transmission loss ( 30%). The polarization of ECE is identical for all frequencies, while the field angle
varies from -40° to +30° on the ECE sight line. The ECE temperature measured by the Michelson, which is
calibrated with a hot source, agrees well with Thomson scattering measurement in a wide range of the electron
density. Magnetic island formation is investigated using the electron temperature profile measured with the
Michelson. The radiometer is cross-calibrated to the Michelson and is employed for the study of fast
phenomena, such as the sawtooth oscillation. Besides the normal ECE, tangential ECE is investigated in LHD in
order to explore the potential of ECE diagnostics. [J195]

"Three-dimensional nonlinear image reconstruction for microwave biomedical imaging"
Active microwave imaging has attracted significant interests in biomedical applications, in particular for breast
imaging. However, the high electrical contrasts in breast tissue also increases the difficulty of forming an
accurate image because of the increased multiple scattering. To model such strong three-dimensional (3-D)
multiple scattering effects in biomedical imaging applications, we develop a full 3-D inverse scattering algorithm
based on the combination of the contrast source inversion and the fast Fourier transform algorithm. Numerical
results show that our algorithm can accurately invert for the high-contrast media in breast tissue. [J196]

"A reconstruction procedure for microwave nondestructive evaluation based on a numerically
computed Green's function"
This paper describes a new microwave diagnostic tool for nondestructive evaluation. The approach, developed in
the spatial domain, is based on the numerical computation of the inhomogeneous Green's function in order to
fully exploit all the available a priori information of the domain under test. The heavy reduction of the
computational complexity of the proposed procedure (with respect to standard procedures based on the free-
space Green's function) is also achieved by means of a customized hybrid-coded genetic algorithm. In order to
assess the effectiveness of the method, the results of several simulations are presented and discussed. [J197]

"Rotational, vibrational, and excitation temperatures of a microwave-frequency microplasma"
Integration of microplasma sources in portable systems sets constraints in the amount of power and vacuum
levels employed in these plasma sources. Moreover, in order to achieve good power efficiency and prevent
physical deterioration of the source, it is desirable to keep the discharge temperature low. In this paper, the
thermal characteristics of an atmospheric argon discharge generated with a low-power microwave plasma
source are investigated to determine its possible integration in portable systems. The source is based on a
microstrip split-ring resonator and is similar to the one reported by Iza and Hopwood, 2003. Rotational,
vibrational, and excitation temperatures are measured by means of optical emission spectroscopy. It is found that
the discharge at atmospheric pressure presents a rotational temperature of 300 K, while the excitation
temperature is 0.3 eV ( 3500 K). Therefore, the discharge is clearly not in thermal equilibrium. The low
rotational temperature allows for efficient air-cooled operation and makes this device suitable for portable
applications including those with tight thermal specifications such as treatment of biological materials. [J198]

"Modeling of noninvasive microwave characterization of breast tumors"
This paper describes an approach for the noninvasive microwave characterization of tumors in breast tissue.
Tumors are modeled as lossy dielectric targets. Their complex natural resonances (CNR) can be extracted from
the time-domain response and correlated with diagnostically useful properties. Finite-difference time-domain
simulation is used to obtain the time-domain response from a tumor with a short electromagnetic pulse as an
input. The normal breast tissue and tumor are modeled as dispersive media using the Debye model and CNRs
are extracted using Prony's method. It is shown that the locations of the dominant CNRs are separated in the
complex frequency plane as functions of the tumor dielectric properties. The technique has potential as a
diagnostic tool to characterize breast lesions in conjunction with other imaging modalities such as ultrasound for
detection. [J199]

"Microwave image reconstruction of tissue property dispersion characteristics utilizing multiple-
frequency information"
A multiple-frequency-dispersion reconstruction algorithm utilizing a Gauss-Newton iterative strategy is presented
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for microwave imaging. This algorithm facilitates the simultaneous use of multiple-frequency measurement data
in a single image reconstruction. Using the stabilizing effects of the low-frequency measurement data, higher
frequency data can be included to reconstruct images with improved resolution. The parameters reconstructed in
this implementation are now frequency-independent dispersion coefficients instead of the actual properties and
may provide new diagnostic information. In this paper, large high-contrast objects are successfully constructed
utilizing assumed simple dispersion models for both simulation and phantom cases for which the traditional
single-frequency algorithm previously failed. Consistent improvement in image quality can be observed by
involving more frequencies in the reconstruction; however, there appears to be a limit to how closely spaced the
frequencies can be chosen while still providing independent new information. Possibilities for fine-tuning the
image reconstruction performance in this context include: 1) variations of the assumed dispersion model and 2)
Jacobian matrix column and row weighting schemes. Techniques for further reducing the forward solution
computation time using time-domain solvers are also briefly discussed. The proposed dispersion reconstruction
technique is quite general and can also be utilized in conjunction with other Gauss-Newton-based algorithms
including the log-magnitude phase-form algorithm. [J200]

"A novel method to prevent secondary exposure of medical and rescue personnel to toxic materials
under biochemical hazard conditions using microwave radar and infrared thermography"
In order to prevent secondary exposure of medical personnel to toxic materials under biochemical hazard
conditions, we performed a noncontact determination of exposure to toxic conditions via 1215-MHz microwave
radar and thermography. A toxic condition was induced by intravenous administration of lipopolysaccharide (LPS)
in rabbits. The exposure to LPS was determined by linear discriminant analysis using noncontact derived
variables. [J201]

"Emission uniformity and shot-to-shot variation in cold field emission cathodes"
High-power microwave tubes require currents and voltages generally in excess of 1 kA and 100 kV. In the past,
these system requirements led to the use of single shot machines, with repetition rates well under 1 Hz. With
advances in pulsed power, the Air Force Research Laboratory recently began to investigate the performance of
field emission diodes at repetition rate operation. Greater numbers of shots allowed better accuracy in
measurements and the application of better statistics to experimental data. In this paper, we report on new
measurements that, with better experimental accuracy, show the statistical correlation between emission
uniformity and the shot-to-shot variation in diode current. We report on a comparison to particle-in-cell
simulations. These comparisons show the importance of randomly occurring nonemission regions on the cathode
surface in dictating the spread in current data. These results imply that uniformity, in addition to playing an
important role in any electron interaction with radiation, also affects the current stability for any device using
these cathodes. Finally, these experiments show that for repetition rate machines, shot-to-shot variation
quantified in terms of Gaussian distributions characterized by a standard deviation and skewness, provide a
diagnostic capable of inferring beam uniformity in situations where direct uniformity diagnostics prove extremely
difficult or impractical. [J202]

"Characterization of relaxation-oscillation noise in continuous-wave traveling wave tubes"
Extremely low noise levels are frequently required in radar and communication systems that utilize microwave
tubes. A noise waveform frequently found in continuous-wave (CW) linear-beam microwave tubes is a
relaxation-type oscillation that has a period typically on the order of several milliseconds. This paper provides an
extensive experimental characterization of this relaxation-oscillation phenomenon by recording the corresponding
signal modulations on the output of several solenoid-focused CW traveling wave tubes. The characteristics of
these amplitude and phase modulations were studied during systematic variations of tube operating parameters
that included magnetic field, cathode voltage, depressed collector voltage, heater filament voltage, and input
drive level. A measurement technique was also developed with the capability to obtain detailed information on
the growth of the relaxation-oscillation noise waveforms along the beam interaction region by comparing
reflected and output noise waveforms. [J203]

"Upgrade to the control system of the reflectometry diagnostic of ASDEX upgrade"
The broadband frequency modulation-continuous wave microwave/millimeter wave reflectometer of ASDEX
upgrade tokamak (Institut fur Plasma Physik (IPP), Garching, Germany) developed by Centro de Fusao Nuclear
(Lisboa, Portugal) with the collaboration of IPP, is a complex system with 13 channels (Oand Xmodes) and two
types of operation modes (swept and fixed frequency). The control system that ensures remote operation of the
diagnostic incorporates VME and CAMAC bus based acquisition/timing systems. Microprocessor input/output
boards are used to control and monitor the microwave circuitry and associated electronic devices. The
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implementation of the control system is based on an object-oriented client/server model: a centralized server
manages the hardware and receives input from remote clients. Communication is handled through transmission
control protocol/internet protocol sockets. Here we describe recent upgrades of the control system aiming to: (i)
accommodate new channels; (ii) adapt to the heterogeneity of computing platforms and operating systems; and
(iii) overcome remote access restrictions. Platform and operating system independence was achieved by
redesigning the graphical user interface in JAVA. As secure shell is the standard remote access protocol
adopted in major fusion laboratories, secure shell tunneling was implemented to allow remote operation of the
diagnostic through the existing firewalls. [J204]

"Frequency modulation continuous wave reflectometry measurements of plasma position in ASDEX
Upgrade ELMy H -mode regimes"
Plasma position measurements of frequency modulation continuous wave reflectometry are analyzed in ASDEX
Upgrade ELMy H-mode regimes [International Thermonuclear Energy Reactor (ITER) reference scenario], to
assess the viability of using reflectometry for position and shape control purposes in ITER. Plasma separatrix
position is estimated both at the low and high field sides of the tokamak. A scaling factor applied to the linear
average density (an ITER online measurement) is used to estimate the separatrix density, whose position is then
tracked using reflectometry profile measurements. Edge localized mode (ELM) activity effects are overcome by
disregarding measurements performed during the onset and magnetohydrodynamic phases of the ELMs. Position
data is compared, with data derived from the magnetics and its quality is assessed using one dimensional full-
wave numerical simulations, taking into account the influence of the nonprobed edge plasma region (O-mode
operation) and of the plasma turbulence. Results indicate that selecting an adequate scaling to the linear
average density leads to a good estimate of the separatrix position, even when the pedestal is out of the
measuring range, which will be the case of ITER position reflectometer. [J205]

"Frequency hopping millimeter wave reflectometer"
Reflectometry techniques are employed to study density fluctuations in fusion plasmas either using one channel
or two channels with slightly different frequencies, to probe simultaneously closely spaced plasma layers (for
radial correlation studies). The present article describes a novel system with increasing measuring capability
utilizing only one single frequency that can be hopped during the discharge. This broadband fast hopping mm-
wave reflectometer (BFHR) has been developed for both ASDEX upgrade (Max Plank Institute-Garching-
Germany) and TJ-II stellarator (CIEMAT-Spain). The BFHR incorporates frequency synthesizers at microwave
frequencies multiplied into the millimeter-wave range and uses heterodyne detection for sensitive phase and
amplitude measurements. [J206]

"Effects of asymmetry and target location on microwave imaging reflectometry"
In this article we perform a numerical study of microwave imaging reflectometry (MIR) and compare it with
conventional reflectometry system. As an approximation to the reflections by real plasma fluctuations, a
corrugated wheel is used. As far as general performance is concerned, our simulations confirm the results by
Munsat etal [Plasma Phys. Controlled Fusion 45, 469 (2003)] that the MIR system reproduces shape of
corrugation far from the wheel while conventional systems fail to do so. We addressed the effects of asymmetry
and defocusing of the wheel-reflectometer system as well as spectral sensitivity of the imaging reflectometer. For
a particular geometry we estimated the deterioration of the MIR performance due to misalignments and existence
of broadband fluctuations. [J207]

"Microwave scattering system design for rho e scale turbulence measurements on NSTX"
Despite suppression of rho iscale turbulent fluctuations, electron thermal transport remains anomalous in NSTX.
For this reason, a microwave scattering system will be deployed to directly observe the omega and kspectra of
rho escale turbulent fluctuations and characterize the effect on electron thermal transport. The scattering system
will employ a Gaussian probe beam produced by a high power 280GHzmicrowave source. A five-channel
heterodyne detection system will measure radial turbulent spectra in the range kr=0-20cm-1. Inboard and
outboard launch configurations cover most of the normalized minor radius. Improved spatial localization of
measurements is achieved with low aspect ratio and high magnetic shear configurations. This article will address
the global design of the scattering system, such as choice of frequency, size, launching system, and detection
system. [J208]

"Evaluation of tapered slot antennas for use in multichannel reflectometers"
We have evaluated a Fermi antenna newly designed in Xband for use in a multichannel reflectometer. The
Fermi antenna is a tapered slot antenna provided with both a Fermi-Dirac-function-type tapered slot structure
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and a corrugated structure along the antenna edge in order to improve radiation patterns of the linearly tapered
slot antenna. We attained a 3dBbeam width of 32° in the Eplane and 37° in the Hplane at 12GHz. By optimizing
the stripline dimensions according to an equivalent circuit model, a bandwidth of 8-18GHzwith a voltage
standing-wave ratio less than 2 is obtained. In the mockup experiments using a rotating metal cylinder, the
experimental results are in good agreement with the predicted ones. [J209]

"Doppler backscattering system for measuring fluctuations and their perpendicular velocity on Tore
Supra"
Backscattering of a microwave beam launched in oblique incidence makes possible measurement of density
fluctuations close to the cut-off with a selected wave number k=-2ki, where kiis the beam wave vector at the
reflection layer. On the system installed on Tore Supra, the incidence of the Gaussian beam is controlled thanks
to a tiltable monostatic antenna. The microwave part of the system is based on a fluctuation reflectometer
scheme with heterodyne detection, and the choice of a Vband (50-75GHz)microwave source and Omode
polarization is appropriate for typical enhanced plasma regimes (n0=3-7×1019m-3). Both the scattering wave
number k and the scattering localization r/acan be changed during a shot, owing to the steppable probing
frequency and the motorized antenna (tilt angle 0-10°). The wave-number range k is 4-15 cm-1, with a wave-
number resolution around 2cm-1, and the localization r/a 0.3-0.85. The Doppler effect also provides the
perpendicular velocity profile for the same position range. Experiments confirm the diagnostic capabilities. [J210]

"Reduced adhesion of human blood platelets to polyethylene tubing by microplasma surface
modification"
A hollow-cathode microplasma modified the lumenal surface of small-diameter polyethylene (PE) tubing. A
microwave cavity diagnostic was used to measure the density of the microplasma. Plasma light output was
observed with a monochromator at various positions along the PE tube to assess uniformity. Treatment
effectiveness was evaluated by measuring the variation in capillary rise at various positions along the tubing. A
correlation between the properties of the inner surface of the PE tubing and the emitted light intensity was found.
A poly(ethylene oxide) surfactant was immobilized to the lumenal surface of the PE tubing with an argon
microplasma discharge. To test hematocompatibility, an in vitro blood-flow loop circulated heparinized human
blood through both a plasma-treated and -untreated PE tubes, simultaneously. After blood exposure, the tubes
were examined with a scanning electron microscope to assess the density of adhering platelets along the length
of the tubes. By modifying the plasma parameters, the uniformity of the microplasma treatment along the tubing
can be optimized. [J211]

"Determination of titanium temperature and density in a magnetron vapor sputtering device
assisted by two microwave coaxial excitation systems"
We present an optical absorption diagnostic technique devoted to the simultaneous determination of titanium
density and temperature during sputtering of Ti. These measurements were performed in a type of ionized
physical vapor deposition reactor, consisting of a magnetron sputtering device assisted by two microwave
systems for the ionization of the sputtered vapor of the magnetron. Our goal is to optimize the ionization in this
reactor in order to improve the deposition process (film quality, recovery of the layers, etc.) compared to
standard magnetron sputtering systems. In order to determine both titanium neutral and ion densities, we have
used a titanium hollow cathode vapor lamp powered with pulsed power supply. Measurements were carried out
at different positions in the reactor at different pressures (1-15 Pa). We have studied the effect of magnetron
current from 100 mA to 2 A and of microwave power from 100 W to 1 kW. At lower pressures, we have shown
that the titanium is not thermalized close to the magnetron, whereas it is thermalized at 10 Pa at all positions.
The neutral titanium density is typically between 1010and 3×1011 cm-3,and the ion density is 109 cm-3.The
effect of microwave power is the decrease of neutral titanium density and the increase of its temperature. At a
position located 1 cm after the crossing of the microwave plasma area, we showed that the illumination of the
microwave plasma increases the degree of ionization of Ti from 2% to 10%. copyright 2004 American Vacuum
Society. [J212]

"Investigation and modeling of plasma-wall interactions in inductively coupled fluorocarbon
plasmas"
Plasma-wall interactions in fluorocarbon based feedgas chemistries, namely CF4,are examined in a standard
inductively coupled Gaseous Electronics Conference reference cell using in situ Fourier-transform infrared
spectroscopy and microwave interferometry. Measurements show the dissociation of the CF4feedgas into radical
CFxspecies, as has been observed elsewhere [M. J. Goeckner and R. A. Breun, J. Vac. Sci. Technol. A 11, 3
(1993)], and qualitatively reveal a decrease in plasma-wall interactions as wall temperature is increased.
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Experimental results such as plasma density, 1011 cm-3,and CF4density 1013 cm-3,are further compared to
results from the hybrid plasma equipment model [R. Kinder and M. J. Kushner, J. Vac. Sci. Technol. A 19, 76
(2001)] to better elucidate the influence of wall temperature on plasma exposed surfaces and sticking
coefficients. Last, CF4vibrational temperatures were also measured, revealing that the line-averaged vibrational
temperature remains at a constant 40-60 K above the chamber wall temperature while the vibrational
temperature in the center of the discharge is significantly higher. Moreover, the vibrational temperatures are
further compared to results from a global thermal model and are in good agreement. copyright 2004 American
Vacuum Society. [J213]

"Development of an integrated pellet diagnostic system for fueling pellets"
We developed a new diagnostic system of the hydrogen ice pellets for fueling into plasma devices. The system
consists of three parts. They are: a light gate system, a microwave mass detector, and a shadowgraph system.
This system provides the pellet velocity, mass and shape, simultaneously. In particular, by using multiple mirror
system, the light gate system can achieve high detective probability with high signal to noise ratio for
submillimeter pellets. At the results of the bench tests carried out on GAMMA 10 and the Large Helical Device,
the light gate system completely detected the pellets used in the bench tests and the pellet velocity was
estimated by using this system. Similarly, the shadowgraph system was available for the pellet. The microwave
mass detector was found to be applicable. These results show the capability of simultaneous measurement of
the pellet parameters using this diagnostic system. [J214]

"Excessive Balmer line broadening in microwave-induced discharges"
Results of a hydrogen Balmer line-shape study on microwave-induced plasma discharges operated with pure
hydrogen and with argon-hydrogen or helium-hydrogen mixtures are reported. Plasma is generated in a
rectangular or coaxial microwave cavity in two separate experiments. In both cases, the emission profiles of the
Balmer lines did not show excessive broadening as reported by Mills etal [J. Appl. Phys. 92, 7008 (2002)].
copyright 2004 American Institute of Physics. [J215]

"Spectroscopic diagnostics and modeling of Ar /H 2 /C H 4 microwave discharges used for
nanocrystalline diamond deposition"
In this paper Ar/H2/CH4microwave discharges used for nanocrystalline diamond chemical vapor deposition in a
bell-jar cavity reactor were characterized by both experimental and modeling investigations. Discharges
containing 1% CH4and H2percentages ranging between 2% and 7% were analyzed as a function of the input
microwave power under a pressure of 200mbar. Emission spectroscopy and broadband absorption spectroscopy
were carried out in the UV-visible spectral range in order to estimate the gas temperature and the C2density
within the plasma. Infrared tunable diode laser absorption spectroscopy was achieved in order to measure the
mole fractions of carbon-containing species such as CH4, C2H2, and C2H6. A thermochemical model was
developed and used in order to estimate the discharge composition, the gas temperature, and the average
electron energy in the frame of a quasihomogeneous plasma assumption. Experiments and calculations yielded
consistent results with respect to plasma temperature and composition. A relatively high gas temperature ranging
between 3000 and 4000Kis found for the investigated discharge conditions. The C2density estimated from both
experiments and modeling are quite high compared with what is generally reported in the literature for the same
kind of plasma system. It ranges between 1013and 1014cm-3in the investigated power range. Infrared
absorption measurements and model predictions indicate quite low densities of methane and acetylene, while the
atomic carbon density calculated by the model ranges between 1013and 1015cm-3. The methane and hydrogen
introduced in the feed gas are subject to a strong dissociation, which results in a surprisingly high H-atom
population with mole fraction ranging between 0.04 and 0.16. Result analysis shows that the power coupling
efficiency would range between 70% and 90%, which may at least explain the relatively high values obtained, as
compared with those reported in the literature for similar discharges, for gas temperature and C2population. The
high H-atom densities obtained in this work would indicate that growing nanocrystalline diamond films would
experience a very high etching. Simulation results also confirm that sp species would play a key role in the
surface chemistry that governs the diamond growth. [J216]

"Development of a high-current microwave ion source for proton linac application systems"
A microwave hydrogen ion source was developed to improve reliability, and to increase operation time of proton
linac application systems. The ion source needs no filament in the discharge chamber, which leads to better
reliability and less maintenance time. The developed source produced a maximum hydrogen ion beam current of
70 mA (high current density of 360 mA/cm2, beam energy of 30 keV) with a 5 mm diam extraction aperture and
1.2 kW microwave power. The proton fraction was increased with an increase in rf power and reached around
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90% at 1 kW. Measured 90% beam normalized emittance was 0.4 pi mm mrad. Rise times of rf power and
beam current to 90% of the final values were about 30 and 35 mu s, respectively, at a pulse operation mode
with 400 mu s pulse width and 100 Hz repetition rate. The dynamic range of beam currents was enlarged (3-63
mA) in the pulse mode with a modified rf wave form to assist ignition of microwave discharge. These
performance parameters will be desirable for pulse operation accelerator applications like proton therapy
systems. A long time operation stability (150 h) was confirmed with a beam current of 51 mA; change in the
current was 2%. copyright 2004 American Institute of Physics. [J217]

"H-ion production in electron cyclotron resonance driven multicusp volume source"
We have used the existing magnetic multicusp configuration of the large volume H-source Camembert III to
confine the plasma created by seven elementary multidipolar electron cyclotron resonance (ECR) sources,
operating at 2.45 GHz. We varied the pressure from 1 to 4 mTorr, while the total power of the microwave
generator was varied between 500 W and 1 kW. We studied the plasma created by this system and measured
the various plasma parameters, including the density and temperature of the negative hydrogen ions which are
compared to the data obtained in a chamber with elementary ECR sources without multicusp magnetic
confinement. The electron temperature is lower than that obtained with similar elementary sources in the
absence of the magnetic multicusp field. We found that at pressures in the range from 2 to 4 mTorr and
microwave power of up to 1 kW, the electron temperature is optimal for H-ion production (0.6-0.8 eV). This
could indicate that the multicusp configuration effectively traps the fast electrons produced by the ECR discharge.
copyright 2004 American Institute of Physics. [J218]

"Diagnosis of plasmas in compact ECR ion source equipped with permanent magnet"
A compact electron cyclotron resonance (ECR) ion source equipped with permanent Nd2Fe14Bmagnets for
mass spectrometry is presented, and the plasma density and electron temperature of the generated plasma are
characterized using a Langmuir probe. The compact ion source is only 22.5 mm in internal diameter (1 in. tube),
and 56 mm in length, and operates at high microwave frequencies of 7-10 GHz. A permanent ring magnet is
introduced to establish a dispersive magnetic field in the ECR zone, and the effect of the position of the magnet
is investigated. The plasmas are generated at low pressures of 10-150 mPa, at which the electron temperature
and plasma density vary in the range 1-9 eV and 1016-1017 m-3.From an investigation of the effects of input
power, pressure, and magnet position, mode jumps of the plasma discharge are observed with increasing input
power, and the magnet position is found to be crucial to the tuning of the ion source. copyright 2004 American
Institute of Physics. [J219]

"Wave cutoff method to measure absolute electron density in cold plasma"
A method for precise measurements of absolute electron density in plasma using wave cutoff is described. This
method of measurement uses a network analyzer with radiating and detecting antenna A microwave signal of
10kHZ-3GHzfrequency is introduced into the plasma from a radiating port of the network analyzer and
propagates in the plasma. The transmitted wave is monitored at a distance from a radiating antenna using an
antenna connected to the receiving port of the network analyzer. The transmitted wave decays rapidly at a cutoff
plasma frequency, which is a direct measure of the absolute electron density. This cutoff method is free of many
difficulties often encountered with a Langmuir probe, such as thin film deposition and plasma potential
fluctuation. The cutoff probe can also measure the spatial distribution of the electron density. The measurement
technique is analyzed theoretically and experimentally, demonstrated in density measurements of an inductively
coupled radio-frequency plasma, and is compared with the double probe and a plasma oscillation methods.
[J220]

"Single sideband modulator, a key component of Tore-Supra heterodyne reflectometers"
Although single sideband modulation offers a simple solution to active heterodyne devices and is common in
devices working over 150GHz, it has been scarcely used for reflectometers. For a few years, large bandwidth
(12-20GHz), high performance single sideband modulators (SSBM) have been available. For higher frequency
application, a sideband rejection around -25dBcseems necessary to ensure that the image sideband amplitude
remains low after a frequency multiplier. A SSBM provided by Miteq Company presents high enough rejection
levels to be assembled with frequency multipliers. Based on this SSBM, we developed a simple microwave
scheme suitable for all Tore-Supra reflectometers-from 50to155GHz, dedicated either to density profile
reconstruction or to density fluctuation measurements. Compared to the double sideband modulator previously
used, SSBM offers higher signal to noise ratio and enables fixed frequency measurements, paving the way for
new measurement techniques. [J221]
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"Simple structure holey-plate ion source"
A high-efficiency, lightweight, and low-cost microwave ion source, created and sustained by evanescent waves
emitted from a parallel-plate type source with a holey-plate has been studied. This source is called a holey-plate
(HP) ion source. The microwaves at 2.45 GHz propagate inside the parallel-plate structure and then are
converted into an evanescent mode through the use of a HP with 3-mm-diam holes. The plate dimensions are
100 mm×140 mmand are separated by 10 mm. In these experiments, the entire unit of the parallel plate is
placed in a vacuum chamber. Dense plasma is produced only on the HP. A 78 mm×108 mmargon ion beam is
extracted from the HP using a single grid with 3-mm-diam holes. The ion current densities are in excess of 1.2
mA/cm2at an extraction voltage of 500 V. copyright 2004 American Institute of Physics. [J222]

"Imaging of ECR plasmas with a pinhole x-ray camera"
X-ray plasma images were made at the 14.5 GHz electron cyclotron resonance ion source of ATOMKI using a
pinhole and a high resolution CCD camera. This method has good spatial resolution as well as the capability of
postprocessed energy filtering of the images. During the measurements low and high charge state Ar, Xe, and
Fe plasmas were produced with simultaneous beam extraction. Full-size and selected region images were
recorded and analyzed. Full-size x-ray images show the spatial positions of different sources of x rays
(bremsstrahlung, characteristic lines of plasma and wall ions) within low-charged ECRIS plasmas. Images of
selected plasma regions (extraction slit, magnet pole, magnet gap) offer a better understanding of the effect of
important tuning parameters (bias disk voltage, gas mixing, microwave power, magnetic field strength, etc.)
commonly used to produce highly charged plasmas and beams. copyright 2004 American Institute of Physics.
[J223]

"A new plasma potential measurement instrument for plasma ion sources"
A very efficient and fast instrument to measure the plasma potential of ion sources has been developed at the
Department of Physics, University of Jyvaskyla (JYFL). The operating principle of this novel instrument is to
apply a decelerating voltage into a mesh located in the beamline of the ion source. The plasma potential is
determined by measuring the current at the grounded electrode situated behind the mesh as a function of the
voltage. In this article, we will introduce the instrument and the first results. In the experiments, the instrument
was connected to the beamline of the JYFL 6.4GHzelectron cyclotron resonance ion source. The plasma
potential was measured with different source conditions and it was observed to vary between 30-65V. The
plasma potential tended to increase as the microwave power, or the gas feed rate, was increased. These results
are consistent with earlier observations and estimations. It was also noticed that the value of the plasma
potential changed when the negative voltage applied to the biased disk at the injection of the ion source was
varied. Complementary to optical plasma diagnostics, such an instrument can be used as a very efficient tool to
get a precise relationship between plasma conditions and extracted beams. [J224]

"Application of microwave reflectometry to register Alfven wave resonances in the TCABR
tokamak"
Application of microwave reflectometry to study Alfven wave resonances in the TCABR tokamak is described. A
microwave reflectometer was used to register plasma density oscillations driven by the excited Alfven waves,
under the condition of the spectrum scanned by a controlled plasma density rise. It is shown that when the
position of the local Alfven resonance rA,which is defined by the relation omega =k||(rA)CA(rA),is close to the
plasma zone where the microwave signal is reflected, the high-frequency modulation of the output signal of the
reflectometer at the rf generator frequency increases. This method can give information about the localization of
the rf power deposition zone in Alfven wave plasma heating and current drive experiments. It also allows finding
the plasma current profile in the region of the rf power deposition. copyright 2004 American Institute of Physics.
[J225]

"Simultaneous microwave imaging system for density and temperature fluctuation measurements
on TEXTOR (invited)"
Diagnostic systems for fluctuation measurements in plasmas are, of necessity, evolving from simple one-
dimensional (1D) systems to multidimensional systems due to the complexity of the magnetohydrodynamics
(MHD) and turbulence physics of plasmas as illustrated by advanced numerical simulations. Using the recent
significant advancements in millimeter wave imaging technology, microwave imaging reflectometry (MIR) and
electron cyclotron emission imaging (ECEI), simultaneously measuring density and temperature fluctuations,
have been developed for Toroidal EXperiment for Technology Oriented Research (TEXTOR). The MIR system
was installed on Textor and the experiment was performed in September, 2003. Subsequent MIR campaigns
have yielded poloidally resolved spectra and assessments of poloidal velocity. The 2D ECE imaging system (with
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a total of 128 channels), installed on TEXTOR in December, 2003, successfully captured the first true 2D images
of Tefluctuations of m=1oscillations ("sawteeth") near the q 1surface. [J226]

"Compact microwave imaging system to measure spatial distribution of plasma density"
We have developed an advanced microwave interferometric system operating in the Kband (18-27GHz)with the
use of a fan-shaped microwave based on a heterodyne detection system for measuring the spatial distribution of
the plasma density. In order to make a simple, low-cost, and compact microwave interferometer with better
spatial resolution, a microwave scattering technique by a microstrip antenna array is employed. Experimental
results show that the imaging system with the microstrip antenna array can have finer spatial resolution than one
with the diode antenna array and reconstruct a good spatially resolved image of the finite size dielectric
phantoms placed between the horn antenna and the micro strip antenna array. The precise two-dimensional
electron density distribution of the cylindrical plasma produced by an electron cyclotron resonance has been
observed. As a result, the present imaging system is more suitable for a two- or three-dimensional display of the
objects or stationary plasmas and it is possible to realize a compact microwave imaging system. [J227]

"Instrument reflections and scene amplitude modulation in a polychromatic microwave quadrature
interferometer"
A polychromatic microwave quadrature interferometer has been characterized using several laboratory plasmas.
Reflections between the transmitter and the receiver have been observed, and the effects of including reflection
terms in the data reduction equation have been examined. An error analysis which includes the reflections,
modulation of the scene beam amplitude by the plasma, and simultaneous measurements at two frequencies has
been applied to the empirical database, and the results are summarized. For reflection amplitudes around 10%,
the reflection terms were found to reduce the calculated error bars for electron density measurements by about a
factor of 2. The impact of amplitude modulation is also quantified. In the complete analysis, the mean error bar
for high-density measurements is 7.5%, and the mean phase shift error for low-density measurements is 1.2°.
[J228]

"Diode laser microwave induced plasma cavity ringdown spectrometer: Performance and
perspective"
Recent studies combining an atmospheric-pressure plasma source (inductively coupled plasma or microwave
induced plasma) with cavity ringdown spectroscopy (plasma-CRDS) have indicated significant promise for ultra-
sensitive elemental measurements. Initial plasma-CRDS efforts employed an inductively coupled plasma as the
atomization source and a pulsed laser system as the light source. In an effort to improve the portability and
reduce the cost of the system for application purposes, we have modified our approach to include a compact
microwave induced plasma and a continuous wave diode laser. A technique for controlling the coupling of the
continuous wave laser to the ringdown cavity has been implemented using a standard power combiner. No
acouto-optic modulator or cavity modulation is required. To test the system performance, diluted standard
solutions of strontium (Sr) were introduced into the plasma by an in-house fabricated sampling device combined
with an ultrasonic nebulizer. SrOH radicals were generated in the plasma and detected using both a pulsed laser
system and a diode laser via a narrow band transition near 680 nm. The experimental results obtained using
both light sources are compared and used for system characterization. The ringdown baseline noise and the
detection limit for Sr are determined for the current experimental configuration. The results indicate that a
plasma-CRDS instrument constructed using diode lasers and a compact microwave induced plasma can serve
as a small, portable, and sensitive analytical tool. copyright 2004 American Institute of Physics. [J229]

"Abatement of perfluorinated compounds using microwave plasmas at atmospheric pressure"
Microwave plasmas sustained at atmospheric pressure, for instance by electromagnetic surface waves, can be
efficiently used to abate greenhouse-effect gases such as perfluorinated compounds. As a working example, we
study the destruction and removal efficiency (DRE) of SF6at concentrations ranging from 0.1% to 2.4% of the
total gas flow where N2,utilized as a purge gas, is the carrier gas. O2is added to the mixture at a fixed ratio of
1.2-1.5 times the concentration of SF6to ensure full oxidation of the SF6fragments, providing thereby scrubbable
by-products. Fourier-transform infrared spectroscopy has been utilized for identification of the by-products and
quantification of the residual concentration of SF6.Optical emission spectroscopy was employed to determine the
gas temperature of the nitrogen plasma. In terms of operating parameters, the DRE is found to increase with
increasing microwave power and decrease with increasing gas flow rate and discharge tube radius. Increasing
the microwave power, in the case of a surface-wave discharge, or decreasing the gas flow rate increases the
residence time of the molecules to be processed, hence, the observed DRE increase. In contrast, increasing the
tube radius or the gas-flow rate increases the degree of radial contraction of the discharge and, therefore, the
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plasma-free space close to the tube wall: this comparatively colder region favors the reformation of the
fragmented SF6molecules, and enlarging it lowers the destruction rate. DRE values higher than 95% have been
achieved at a microwave power of 6 kW with 2.4% SF6in N2flow rates up to 30 standard l/min. copyright 2003
American Institute of Physics. [J230]

"Characterization of BCl 3 /N 2 plasmas"
Optical emission spectroscopy, quadrupole mass spectrometry, and electron density measurements were used
to study the effect of the percentage of N2on the characteristics of BCl3/N2plasmas and their resulting etch
processes. The etch rate of GaAs increased from 80 Å/min in pure BCl3to over 1000 Å/min in a 40:60
BCl3:N2mixture (15 mTorr, 50 W, 20 sccm). The optical emission intensities of both molecular and atomic
chlorine exhibited maxima near 30% N2,and an argon actinometer indicated a large increase in argon emission
as a function of the increase in N2percentage. Microwave measurements indicated that the average electron
density increased only slightly with an increase in nitrogen percentage up to 60% N2.Mass spectrometric
analysis of the plasmas showed that both the dissociation of BCl3and the production of molecular chlorine were
significantly enhanced by the addition of N2.These results suggest that an increase in the electron temperature
as a result of electron attachment heating (and possibly energy transfer from N2metastables) is responsible for
the increased dissociation and enhanced production of etch species. copyright 2003 American Institute of
Physics. [J231]

"Two-dimensional self-consistent microwave argon plasma simulations with experimental
verification"
Optical emission spectroscopy (OES), absorption measurements, and thermal energy rate analysis were used in
tandem with numerical models to characterize microwave argon plasmas. A WAVEMAT (model MPDR-3135)
microwave diamond deposition system was used to generate argon plasmas at 5 Torr. Three excited state
number densities (4p,5p,and 5d)were obtained from the OES measurements, and a fourth excited state number
density (4s)was obtained from the absorption measurements. Further, power absorbed in the substrate was
monitored. A self-consistent two-dimensional argon model coupled with an electromagnetic field model and a
25-level two-dimensional (2D)-collisional-radiative model (CRM) was developed and validated with the
experimental measurements. The 2D model provides the gas and electron temperature distributions, and the
electron, ion, and 4sstate number densities, which are then iteratively fed into the electromagnetic and CRM
models. Both the numerically predicted thermal energy rates and excited state densities agreed, within the
experimental and numerical uncertainties, with the experimental results. copyright 2003 American Institute of
Physics. [J232]

"Recent advancements in microwave imaging plasma diagnostics"
Significant advances in microwave and millimeter wave technology over the past decade have enabled the
development of a new generation of imaging diagnostics for current and envisioned magnetic fusion devices.
Prominent among these are microwave electron cyclotron emission imaging, microwave phase imaging
interferometers, imaging microwave scattering, and microwave imaging reflectometer systems for imaging Teand
nefluctuations (both turbulent and coherent) and profiles (including transport barriers) on toroidal devices such as
tokamaks, spherical tori, and stellarators. The diagnostic technology is reviewed, and typical diagnostic systems
are analyzed. Representative experimental results obtained with these novel diagnostic systems are also
presented. copyright 2003 American Institute of Physics. [J233]

"High resolution infrared "vision" of dynamic electron processes in semiconductor devices
(abstract)"
Infrared cameras have been traditionally used in semiconductor industry for noncontact measurements of printed
circuit boards (PCBs) local overheating. While an effective way to prevent defective PCB application in a "find-
problems-before-your-customer-do" manner, this conventional static (25-50 frames/s) and small spatial
resolution ( 100 mcm) approach is incapable, in principle, of explaining the physical reason for the PCB failure.
What follows in this report is the demonstration of an IR camera based new approach in high-resolution dynamic
study of electron processes responsible for single device performance. More specifically, time resolved two-
dimensional visualization of current carrier drift and diffusion processes across the device base that happen in
microsecond scale is of prime concern in the work. Thus, contrary to the conventional visualization-through-
heating measurements, objective is mapping of electron processes in a device base through negative and
positive luminescence (provoked by band-to-band electron transitions) and nonequilibrium thermal emission
(provoked by intraband electron transitions) studies inside the region in which current flows. Therefore, the
parameters of interest are not only a device thermal mass and thermal conductance, but also free carrier lifetime,
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surface recombination velocity, diffusion length, and contact properties. The micro-mapping system developed
consists of reflective type IR microscope coaxially attached to calibrated scanning IR thermal imaging cameras
(3-5 and 8-12 mcm spectral ranges, HgCdTe cooled photodetectors, scene spatial resolution of some 20 mcm,
minimum time resolved interval of 10 mu s, and temperature resolution of about 0.5 °C at 30 °C). Data
acquisition and image processing (emissivity equalization, noise reduction by image averaging, and external
triggering) are computer controlled. Parallel video channel equipped with a CCD camera permits easy positioning
and focusing of 1×1 mm2object along the system optical axis. To motivate this diagnostics superiority, small
area light emitting diodes and stripe lasers, light and microwave modulators, thermoelectric generators, and
coolers were tested with respect to impact made on visualizing of uniformity of current and heat flows, as well as
their divergence in space and time.copyright 2003 American Institute of Physics. [J234]

"Measurement of magnetic field pitch angle using motional Stark effect spectroscopy in the
compact helical system"
A spectroscopy system, which consists of a zigzag charge coupled device and ferroelectric liquid crystal cells,
has been developed to measure magnetic field pitch angles. The magnetic field pitch angle is derived from the
polarization angle of sigma and pi components in the Halpha line measured with polarization sensitive
spectroscopy. By using the spectroscopy system, the location of zero pitch angle is measured to shift outboard
due to the Pfirsh-Schluter current by 28±16 mm.This shift is consistent with that predicted by an equilibrium
code. copyright 2003 American Institute of Physics. [J235]

"Correlation reflectometry for turbulence and magnetic field measurements in fusion plasmas
(invited)"
For the interpretation of correlation reflectometry data a fast two-dimensional full wave code in which realistic
plasma geometries are used has been developed. Results of this code are compared with experiments from
which turbulence correlation lengths and fluctuation levels are extracted with statistical optics methods. It is
shown that in general the measured reflectometer correlation length is not equal to the turbulence correlation
length. The code is also used to study the possibility of O-Xcorrelation reflectometry in FIRE for the
determination of the local magnetic field strength. It was found that this is only possible at very low fluctuation
levels. copyright 2003 American Institute of Physics. [J236]

"Electron cyclotron emission imaging on a large helical device"
In this article, we describe the electron cyclotron emission (ECE) imaging system applied to the Large Helical
Device (LHD) at the National Institute for Fusion Science. The imaging system consists of focusing optics
installed inside the vacuum chamber of LHD and planer-type detectors fabricated by monolithic microwave
integrated circuit technology. The detector consists of the integration of a bowtie antenna, a down-converting
mixer using a Schottky barrier diode, and heterojunction bipolar transistors (HBTs) on a GaAs substrate. The
HBTs work as an intermediate frequency (IF) amplifier with a 10 GHz bandwidth and a 10 dB voltage gain. The
ECE signal and local oscillator beam are irradiated from both sides of the detector. The ECE signals are down-
converted at the mixers and the IF signal is fed to a filter bank with center frequencies of 1-8 GHz. The time
evolution and the intensity of the ECE signals agree with those obtained by a conventional ECE heterodyne
receiver. The cross-correlation spectra of the signals obtained with different IF frequencies (radial correlation)
and different detectors (poloidal correlation) are obtained. copyright 2003 American Institute of Physics. [J237]

"Two-dimensional correlation measurements of electron cyclotron emission fluctuations on the
stellarator Wendelstein 7-AS"
The miniaturization of receiver arrays permits the arrangement of numerous poloidally staggered radial sightlines
of an electron cyclotron emission (ECE) diagnostic for the measurement of the electron temperature and its
fluctuations, making two-dimensional (2D) imaging of the electron temperature and its fluctuations caused by
plasma turbulence possible. For the stellarator W7-AS, the development of a fully monolithic microwave
integrated circuit 150 GHz subharmonic mixer array is under development. As a first step, a 2D ECE system for
the measurement of electron temperature fluctuations using four individual horn-reflector arrangements in
conjunction with multichannel heterodyne radiometers was installed and set into operation. With Gaussian beam
optics and four poloidally staggered sightlines, electron temperature fluctuations could be characterized in radial
and poloidal directions simultaneously. First observations in purely electron cyclotron resonance heated
stellarator plasmas reveal a broadband drift-wave feature. Earlier experiments showing a decrease of the
electron temperature fluctuation level with increasing heating power were confirmed. Additionally, it was
revealed, using the 2D ECE correlation radiometer, that an increased velocity shear might account for the
decrease of the coherence length and thus for the reduction of the electron temperature fluctuation level.
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copyright 2003 American Institute of Physics. [J238]

"Microwave imaging reflectometer for TEXTOR (invited)"
Understanding the behavior of fluctuations in magnetically confined plasmas is essential to the advancement of
turbulence-based transport physics. Though microwave reflectometry has proven to be an extremely useful and
sensitive tool for measuring small density fluctuations in some circumstances, this technique has been shown to
have limited viability for large amplitude, high ktheta fluctuations and/or core measurements. To this end, a new
instrument based on two-dimensional imaging reflectometry has been developed to measure density fluctuations
over an extended plasma region in the TEXTOR tokamak. This technique is made possible by collecting an
extended spectrum of reflected waves with large-aperture imaging optics. Details of the imaging reflectometry
concept, as well as technical details of the TEXTOR instrument, are presented. Data from proof-of-principle
experiments on TEXTOR using a prototype system is presented, as well as results from a systematic off-line
study of the advantages and limitations of the imaging reflectometer. copyright 2003 American Institute of
Physics. [J239]

"Early quasioptics of near-millimeter and submillimeter waves in IRE-Kharkov, Ukraine: from ideas
to the microwave pioneer award"
This paper is about the early quasioptics of near-millimeter and submillimeter waves in IRE-Kharkov (Institute of
Radio Physics and Electronics of the National Academy of Sciences of Ukraine) and the development of the
hollow dielectric beam-waveguide (HDB) technology and measuring techniques of the near-millimeter and
submillimeter wavelength ranges, with main application in hot plasma diagnostics. It presents the details of the
development based on the declassified reports and the interviews of Y.M. Kuleshov and another key member of
the quasioptics (QO) team, M. S. Yanovski. Y.M. Kuleshov and his team had already accumulated rich
experience in developing waveguide measuring devices in the whole millimeter-wave range between 1954 and
1961. In 1994-1996, the research project "Ozero" was carried out with Y.M. Kuleshov as a principal investigator.
The aim of the "Ozero" was to explore the feasibility of developing a kit of HDB-based measuring devices in the
wavelength range λ = 0.7 to 1.7 mm. After the finish of "Ozero", in 1968-1971, the next R&D project called
"Oliva" was granted by the same directorate of MRI. Its idea was to dwell on and refine the polarization
principles in the measuring circuits for λ = 0.5-0.8 mm. HDB was patented only in 1969. Since the 1970s, the
activities of the QO department were focused entirely on the development of HDB-based instruments and
systems. Here, the major application area was hot plasma diagnostics in new large Tokamaks. They also
dwelled in the development of the measuring techniques including reflectometry and polarimetry. Other HDB
based systems elaborated in IRE include radars in the 1970-1980s and RCS testing ranges in the 1990s. [J240]

"Plasma frequency measurements for absolute plasma density by means of wave cutoff method"
A method for precise measurements of absolute electron density in the plasma using plasma frequency is
developed. A microwave perturbation of a frequency is introduced to plasma from a network analyzer and
transmits in the plasma. The transmitting wave at a distance from a radiating antenna is monitored using a
spectrum analyzer to scan the perturbing frequency. The transmitting wave rapidly decays by a cutoff at the
plasma frequency, which gives the absolute electron density. The transmitting waves of some frequency
including plasma frequency are characterized. The measured plasma frequency by this method is coincident with
that obtained by the plasma oscillation method. copyright 2003 American Institute of Physics. [J241]

"Comparison of NO titration and fiber optics catalytic probes for determination of neutral oxygen
atom concentration in plasmas and postglows"
A comparative study of two different absolute methods NO titration and fiber optics catalytic probe (FOCP) for
determination of neutral oxygen atom density is presented. Both methods were simultaneously applied for
measurements of O density in a postglow of an Ar/O2plasma created by a surfatron microwave generator with
the frequency of 2.45 GHz an adjustable output power between 30 and 160 W. It was found that the two
methods gave similar results. The advantages of FOCP were found to be as follows: it is a nondestructive
method, it enables real time measuring of the O density, it does not require any toxic gas, and it is much faster
than NO titration. The advantage of NO titration was found to be the ability to measure O density in a large
range of dissociation of oxygen molecules. copyright 2003 American Vacuum Society. [J242]

"Microwave and modulated optical reflectance studies of YBCO thin films"
Planar HTS microwave devices require high quality, homogeneous samples. In this paper, sensitive
measurements of the microwave surface impedance of YBCO thin films using coplanar resonators are collated
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with modulated optical reflectance (MOR) measurements. MOR provides a powerful noncontact, nondestructive
and high resolution means of probing local variations in the quality of thin films at room temperature, and
consequently has great potential for diagnostic testing of HTS films prior to microwave device patterning.
Microwave and MOR inter-comparisons of four YBCO films patterned into 5.2 and 8 GHz coplanar resonators
are presented. Superior global microwave response in the superconducting state, such as low surface
impedance and low levels of nonlinearity at enhanced powers, correlate with the magnitude and spatial
homogeneity of the room temperature MOR signals. The presence of defects in films is investigated using both
techniques. Both large scale single defects and film inhomogeneity can be detected using MOR; however, the
spatial resolution of the technique is not sufficient to detect single weak links on a sub-micron scale, whose
presence can result in severely degraded microwave resonator performance. [J243]

"Sheet-shaped plasma production using microwave-plasma interaction with ECR region"
New phenomena in producing sheet-shaped plasma under electron cyclotron resonance (ECR) condition have
been found and investigated by experiment. Sheet-shaped Ar plasma with density of 1018m-3was successfully
obtained at 10-3torr by using 2.45-GHz microwave with ECR condition. The plasma was generated uniformly
and stably in the cross section of 15.5 cm width×2.0 cm thickness with the use of waveguide of the rectangular
cross section under the quartz window in vacuum. The parameter region of stable sheet-shaped plasma
production was made clear by experiments clarifying criteria in parameter map. It was found that the magnetic
field strength corresponding to the position and the shape of ECR region was the most effective parameter
affecting microwave propagation to control the shape of plasma. However, the uniformity of the sheet-shaped
plasma width was poor over the distance of microwave wavelength λ under 1 kW of input power. Therefore, it
was concluded that the microwave was absorbed quickly near ECR region and hardly propagates farther than

λ to the direction of perpendicular to the magnetic field. The double sheet-shaped plasma was produced at
some region and two peaks were relatively shifted to the direction of E×B. Also, the condition of sheet-shaped
plasma production was different for helium gas. By the electron density measurement and semi-one-dimensional
analysis, the differences of ionization cross section and diffusion coefficient perpendicular to the magnetic fields
were important factors for electron density and the shape of sheet plasma. The qualitative interpretation of
sheet-shaped plasma production is discussed. [J244]

"CW H I laser based on a stationary inverted Lyman population formed from incandescently heated
hydrogen gas with certain Group I catalysts"
Each of the ionization of Rb+and cesium and an electron transfer between two K+ions (K+/K+) provide a
reaction with a net enthalpy of an integer multiple of the potential energy of atomic hydrogen, 27.2 eV. The
corresponding Group I nitrates provide these reactants as volatilized ions directly or as atoms by undergoing
decomposition or reduction to the corresponding metal. The presence of each of the reactants identified as
providing an enthalpy of reaction of an integer of that of the potential energy of atomic hydrogen (m·27.2 eV)
formed a low applied temperature, extremely low-voltage plasma called a resonance transfer (RT)-plasma having
strong vacuum ultraviolet (VUV) emission. In contrast, magnesium and aluminum atoms or ions do not ionize at
integer multiples of the potential energy of atomic hydrogen. Mg(NO3)2or Al(NO3)3did not form a plasma and
caused no emission. For further characterization, we recorded the width of the 6563 Å Balmer α line on light
emitted from RT-plasmas. Significant line broadening of 18, 12, and 12 eV was observed from an RT-plasma of
hydrogen with KNO3, RbNO3, and CsNO3, respectively, compared to 3 eV from a hydrogen microwave plasma.
These results could not be explained by Stark or thermal broadening or electric field acceleration of charged
species since the measured field of the incandescent heater was extremely weak, 1 V/cm, corresponding to a
broadening of much less than 1 eV. Rather the source of the excessive line broadening is consistent with that of
the observed VUV emission, an energetic reaction caused by a resonance energy transfer between hydrogen
atoms and K+/K+, Rb+, and cesium, which serve as catalysts. KNO3and RbNO3formed the most intense
plasma. Remarkably, a stationary inverted Lyman population was observed in the case of an RT-plasma formed
with potassium and rubidium catalysts. These catalytic reactions may pump a continuous wave HI laser as
predicted by laser equations and a collisional radiative model used to determine that the observed
overpopulation was above threshold. [J245]

"Comparison of excessive Balmer α line broadening of inductively and capacitively coupled RF,
microwave, and glow-discharge hydrogen plasmas with certain catalysts"
From the width of the 656.3-nm Balmer α line emitted from inductively and capacitively coupled radio frequency
(RF), microwave, and glow-discharge plasmas, it was found that inductively coupled RF helium-hydrogen and
argon-hydrogen plasmas showed extraordinary broadening corresponding to an average hydrogen atom energy
of 250-310 and 180-230 eV, respectively, compared to 30-40 and 50-60 eV, respectively, for the corresponding
capacitively coupled plasmas. Microwave helium-hydrogen and argon-hydrogen plasmas showed significant
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broadening corresponding to an average hydrogen atom energy of 180-210 and 110-130 eV, respectively. The
corresponding results from the glow-discharge plasmas were 33-38 and 30-35 eV, respectively, compared to ≈ 4
eV for plasmas of pure hydrogen, neon-hydrogen, and xenon-hydrogen maintained in any of the sources.
Similarly, the average electron temperatures Tefor helium-hydrogen and argon-hydrogen inductively coupled RF
and microwave plasmas were high (43 200 ± 5% K, 18 600 ± 5% K, 30 500 ± 5% K, and 13 700 ± 5% K,
respectively); compared to 9300 ± 5% K, 7300 ± 5% K, 8000 ± 5% K, and 6700 ± 5% K for the corresponding
plasmas of xenon-hydrogen and hydrogen alone, respectively. Stark broadening or acceleration of charged
species due to high electric fields cannot explain the inductively coupled RF and microwave results since the
electron density was low and no high field was present. Rather, a resonant energy transfer mechanism is
proposed. [J246]

"Progress toward a practical magnetic field diagnostic for low-field fusion plasmas based on dual
mode correlation reflectometry"
Previously, the proof of principle of measurement of magnetic field strength, |B|internal to a plasma by cross
correlation of ordinary (O) and extraordinary (X) mode fluctuation reflectometer signals has been demonstrated in
a linear plasma device. It was found that dual mode (O-X)reflectometry data could be interpreted by a one-
dimensional numerical model to determine |B|in the vicinity of the reflectometer cutoff positions. Radial correlation
properties of turbulence are also measured simultaneously with |B|.This technique is potentially well suited to
measurement of |B|in low-field fusion devices (e.g., B 0.6T) where standard magnetic field diagnostics are
expected to be difficult to implement. However, transfer of this method to toroidal magnetic fusion devices
presents a number of potential difficulties such as the effects of magnetic shear, steep density gradients, and
limited time for cross correlations. In addition, recent simulations suggest that two-dimensional modeling may be
required to interpret experimental data when density fluctuation levels are high. Dual mode correlation
reflectometry experiments on the National Spherical Torus Experiment are presented, and progress toward the
implementation of this technique as a practical diagnostic is discussed. copyright 2003 American Institute of
Physics. [J247]

"Automatic profile reconstruction for millimeter-wave frequency-modulated continuous-wave
reflectometry on NSTX"
UCLA operates a set of millimeter-wave/microwave reflectometers on the National Spherical Torus Experiment
(NSTX) for routine measurements of electron density profiles and fluctuations. The system has a combined
frequency coverage of 12 to 50 GHz (in the bands 12-18, 20-32, and 33-50 GHz) or a corresponding ordinary-
mode cutoff range of 1.8×1012to 3.1×1013cm-3to cover both the plasma core and edge. Profile measurements
via frequency-modulated continuous-wave operation are typically made in O-mode reflectometry, with sweep
times down to 50 mu s over the full band. Automated profile analysis of the reflectometry data is available with
limited between-shot analysis and full batch analysis capabilities. The reconstruction algorithm uses complex
demodulation with the short-time Fourier transform for signal processing. The unknown portion of the edge
profile below the lowest cutoff density is modeled by fitting a family of polynomial density profiles to the
experimental data. Uncertainties due to edge profile modeling and comparisons to Thomson scattering
measurements are discussed. The reconstructed profiles have documented fast events such as L-H transitions
and edge-localized modes in NSTX. copyright 2003 American Institute of Physics. [J248]

"Advances of the density profile reflectometry on TORE SUPRA"
Significant improvements have been achieved in the performances of the broadband reflectometry for the
density profile measurements on Tore Supra. The frequency range of the former 50-75 GHz X-mode
reflectometer has been extended with an additional device operating between 75 and 110 GHz. Both setups
have ultrafast sweeping capabilities allowing full band measurements in 20 mu s. The heterodyne detection and
the intermediate frequency system have been upgraded to record beat frequencies up to 100 MHz with a signal
to noise ratio of about 40 dB. The in phase and quadrature-type phase detection system (IQ detector) provides
sine and cosine components of the received signal for a separate measurement of the phase and the amplitude.
A new fast data acquisition system in Versa Module Europa format has been developed. It allows sampling
frequency up to 200 MHz with 32 Mo memory capabilities per channel and 10 bit resolution digitizers. Edge
profile measurements are now available for a wide range of toroidal magnetic fields (from 3 to 4 T). copyright
2003 American Institute of Physics. [J249]

"Plasma position measurements from ordinary FM-CW reflectometry on ASDEX Upgrade"
Microwave reflectometry has been proposed as an alternative/backup approach to the usual magnetic systems in
long pulse operation on the International Thermonuclear Experimental Reactor (ITER) for plasma position and
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shape control. This new application of reflectometry must be fully demonstrated in present machines in view of
its importance for ITER. First experiments performed in ASDEX Upgrade with frequency modulated continuous
wave with reflectometry diagnostic showed that radial variations of the plasma column occurring during
preprogrammed horizontal as well as vertical plasma displacements could be followed with sufficient accuracy
( 1 cm) in phases with approximately constant density. In this article we determine the plasma edge position
simultaneously in the inner and outer midplane, of ohmic L-mode density limit and ELMy H-mode discharges in
ASDEX Upgrade, both with significant density variations. It is shown that if normalized density layers are
selected, at a certain percentage of the average line density, the results from reflectometry are in good
agreement with the corresponding data, separatrix position, derived from the magnetics. Further work aiming at
the full demonstration of plasma position and shape measurements from reflectometry is discussed. copyright
2003 American Institute of Physics. [J250]

"Electron Bernstein wave emission diagnostic assisted by reflectometry on TST-2 spherical
tokamak"
A new electron Bernstein wave emission diagnostic consisting of a heterodyne radiometer and a reflectometer
was installed on TST-2. The instrument has a frequency range from 5 to 12 GHz which covers partially the
fundamental and fully covers the second and third harmonic emissions. X-mode emission perpendicular to the
flux surface, generated by B-X-FX mode-conversion scenario, is measured. The mode-conversion efficiency is
calculated using a one-dimensional full-wave code with the density profile obtained simultaneously from the
reflectometer, and the electron temperature (Te)is estimated. The levels corresponding to the 100-150 eV range
are measured from the plasma core region, and the mode-conversion efficiency is calculated to be 0.5-0.8,
leading to Teof approximately 200 eV. In addition, it is found that the reflectivity measured by the reflectometer is
consistent with the calculated mode-conversion efficiency. This property can be used for a direct measurement
of the mode-conversion efficiency. copyright 2003 American Institute of Physics. [J251]

"Time-of-flight refractometry for robust line integral electron density measurements and control in
ITER"
A new method of electron density measurements in magnetic confinement plasmas-time-of-flight refractometry
(TFR)-is proposed for application in the International Thermonuclear Experimental Reactor (ITER) in order to get
robust line integral electron density information. The method provides unambiguous density measurements
directly from the measurements of time delay of microwave pulses propagating through the plasma. Generally,
both O-and-X probing modes are available for use in the measurements. At ITER conditions (BT 5 T),X-mode
probing in the equatorial plane seems to be attractive for application due to transparency of ITER plasma for
electromagnetic emission between lower and upper cutoffs at approximately 60-105 GHz frequency band. When
these relatively low frequencies are used for measurements, both electron cyclotron resonance absorption and
first mirror problems should be avoided. Also, relatively simple implementation of the access to plasma and
comparatively low sensitivity to vibrations and misalignment are expected. General approach to TFR is given in
the article. The choice of probing frequencies of TFR for ITER has been conducted. Estimations of expected time
delays for different density profiles have been performed. Parameters of TFR prototype used on the T-11M
tokamak and results obtained are discussed. A conclusion of sufficiency of recently attained accuracy of the
measurements for TFR application on large tokamaks has been done. Some ways of improving the
measurement accuracy have been proposed and tested. Advantages and problems of TFR application are
discussed. copyright 2003 American Institute of Physics. [J252]

"X-mode pulsed radar reflectometer for density fluctuation measurements on LHD"
A four channel pulsed radar reflectometer system has been installed on the Large Helical Device (LHD). The
complicated magnetic structure in LHD causes mode conversion and/or polarization rotation of the microwaves.
Pulsed radar reflectometry is a suitable reflectometric technique, because it measures the delay time of the
reflected wave, not the phase, and X-mode and O-mode polarized waves can be distinguished. By using X-
mode operation of the pulsed radar reflectometer so that each pulse width is about 2 ns, and the repetition rate
is up to 200 kHz, the critical density where the microwave is reflected is about 1×1016 m-3.Also it is found that
the static natural island affects the X-mode reflectometric measurements. copyright 2003 American Institute of
Physics. [J253]

"Improved reflectometer electron density profile measurements on DIII-D"
Details are presented of recent improvements to hardware and analysis code components of the DIII-D density
profile reflectometer system. The improvements to the hardware increased the system signal-to-noise ratio and
reduced spurious reflections. An improved automated method is developed to accurately determine the zero
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density plasma start position. With these improvements the uncertainty in the zero density plasma start position
is reduced from 7 to 2 mm, the position uncertainty with a fixed mirror target is reduced from 4 to 2 mm,
and the time resolution is improved to 10 mu s (previously 100 mu s). copyright 2003 American Institute of
Physics. [J254]

"Application of fast reflectometer density profile measurements to investigate plasma instabilities in
DIII-D"
The high spatial ( 2 mm depending upon plasma conditions) and temporal (10 mu s) resolution possible with the
DIII-D solid state profile reflectometer system makes it possible to investigate profile modifications associated
with plasma instabilities. In order to take full advantage of this fast sweep and high resolution capability, multiple
issues had to be addressed, including fast data acquisition, large data acquisition memory depth, improved signal
to noise, accurate profile start location, and finally fast accurate automatic data analysis. Improvements in all
these areas make the profile reflectometer ready for plasma instability studies. In a demonstration of this
capability, fast, high spatial resolution reflectometer measurements have been successfully used to investigate
the edge harmonic oscillation (EHO) in the quiescent double barrier regime, as well as the edge localized modes
(ELMs) on DIII-D. It is found that the scrape-off layer density profile is modulated at the EHO fundamental
frequency. The edge density profile evolution is also tracked during ELMs, showing that the density profile
expands to the vessel wall at the onset of Type 1 ELMs. copyright 2003 American Institute of Physics. [J255]

"Design of a single-channel millimeter-wave interferometer system for Korea Superconducting
Tokamak Advanced Research"
A simple single-channel horizontal millimeter-wave interferometer has been designed for plasma electron density
measurements on the Korea Superconducting Tokamak Advanced Research (KSTAR). To measure line
integrated plasma densities of 2×1019 m-2in the initial phase of the KSTAR, Gunn oscillator frequency of 280
GHz has been chosen to optimize errors due to both vibration on the beam path and refraction in the plasma. To
reduce the free propagation length of the probing beam and to obtain small beam width on the vacuum windows,
a retractable cassette system for deep positioning of the diagnostic system has been designed, where
microwave parts are located as close as possible to the tokamak with a shielding box. A beam focusing system
with concave reflecting mirrors has been designed on the cassette and on the inner wall of the tokamak to
reduce beam losses and to minimize beam width in the plasma. The estimated total transmission loss is about
25 dB, and beam widths are reduced significantly in the range of 20-50 mm. copyright 2003 American Institute of
Physics. [J256]

"Ultrashort-pulse reflectometry for steady-state plasmas"
An ultrashort-pulse reflectometry (USRM) has been applied to the inductively coupled steady-state plasma (ICP)
for density profile measurement. A reflected wave from ICP is directly recorded into a digitizing sampling scope
and is analyzed by the signal record analysis (SRA) method. From repetition of the measurement, we have
obtained the time evolution of the density profile. In order to apply the USRM and SRA method to high density
plasmas such as core region of the Large Helical Device plasma, generation of the pulse with higher frequency
up to 90 GHz is essential. We have utilized a frequency upconverter and an active doubler for this purpose. We
confirmed the generation of the upconverted pulse in the range of 60-90 GHz and the second-harmonic
frequency in the range of 26-40 GHz. Time of flight measurements have been preliminarily performed with a
metal target. copyright 2003 American Institute of Physics. [J257]

"Ultrashort pulse reflectometry for density profile and fluctuation measurements on SSPX"
A broadband, multichannel ultrashort pulse reflectometry (USPR) diagnostic on the Sustained Spheromak
Physics eXperiment device has recently undergone a number of system upgrades, which has resulted in
significant improvements in the signal-to-noise ratio of the USPR signals and a dramatic reduction in the number
of "lost signals" in which the amplitude of the reflected wave form drops below detection threshold. This has
greatly enhanced the ability of USPR to study relatively fast density profile modifications, and allows the
simultaneous monitoring of multiple density layers with as short as a 3 mu s pulse repetition rate. This article
provides details of the upgraded USPR system together with density profiles and fluctuation data. copyright 2003
American Institute of Physics. [J258]

"Design of an X-mode fast-scanning reflectometry for edge density profile measurement on HT-7
tokamak"
An amplitude modulation reflectometry system with fast-scanning microwave source is designed for edge density
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profile measurement on the HT-7 superconducting tokamak (R0=1.22 m,a=0.28 m,Bt:1.8-2.3 T, plasma pulses of
1-20 s). The reflectometer launches microwave power from a very fast-scanning backward wave oscillator in 53-
78 GHz to probe the plasma and receive the reflection by the density cutoff layer. It is an extraordinary mode
reflectometer, which can measure the edge density profiles in normalized radius r/afrom scrape-off layer up to
0.5 when Bt=2.2 T,Ne0=3×1019 m-3in typical HT-7 operation parameters. The microwave amplitude modulation
frequency is 200 MHz. A 2 MHz reference signal and the probing signal are obtained by mixing a 198 MHz local
oscillator power with the demodulated microwave signals. Phase comparison is then accomplished at 2 MHz by
I/Q phase detector. The scanning time over the full band of 53-78 GHz is about 0.5 ms. The reflectometry will fill
in the space left by the five-chord interferometer, which measures in the core plasma region and the Langmuir
probes, which work in the scrape-off layer; especially the reflectometry is used to study the lower hybrid wave
coupling into plasmas for the current drive and the radio frequency wave coupling problems for heating on HT-7.
The reflectometry is also considered to be useful on the future HT-7U superconducting tokamak. copyright 2003
American Institute of Physics. [J259]

"Plasma parameters of diffusion-controlled microwave discharges in surface-wave fields"
Results from diagnostics of diffusion-controlled stationary gas discharges maintained in the field of propagating
surface waves are presented in this study. The set of the plasma parameters obtained includes: 1) the plasma
density n¯, averaged over the discharge cross section; and its axial profile n¯(z);. 2) the electron-neutral elastic
collision frequency ν; 3) the parameter μ, which describes the radial profile of the plasma density; 4) the
parameter Θ, the power absorbed on average by an electron, and its axial variation Θ (z); 5) the electron
temperature Te(z); and 6) the gas temperature Tg. The mechanisms of electron heating and discharge self-
consistency are discussed [J260]

"Experimental validation of a linear model for data reduction in chirp-pulse microwave CT"
Chirp-pulse microwave computerized tomography (CP-MCT) is an imaging modality developed at the
Department of Biocybernetics, University of Niigata (Niigata, Japan), which intends to reduce the microwave-
tomography problem to an X-ray-like situation. We have recently shown that data acquisition in CP-MCT can be
described in terms of a linear model derived from scattering theory. In this paper, we validate this model by
showing that the theoretically computed response function is in good agreement with the one obtained from a
regularized multiple deconvolution of three data sets measured with the prototype of CP-MCT. Furthermore, the
reliability of the model as far as image restoration in concerned, is tested in the case of space-invariant
conditions by considering the reconstruction of simple on-axis cylindrical phantoms. [J261]

"Pulsed inductive microwave magnetometer"
We describe the apparatus, software, and measurement procedures for a pulsed inductive microwave
magnetometer (PIMM). PIMM can measure the dynamical properties of materials used in recording heads for
magnetic storage applications, and it can be used as a general magnetodynamics diagnostic tool. PIMM uses a
coplanar waveguide as both a source of fast pulsed magnetic fields and as an inductive flux sensor. Magnetic
field pulses are provided by a 10 V, 55 ps risetime pulse generator; a 20 GHz digital sampling oscilloscope is
used to acquire the fast pulse data; and orthogonal Helmholtz pairs provide the bias and saturating fields
required for the measurement. The system can measure dynamical behavior as a function of several variables,
including applied magnetic bias field, magnetic pulsed field amplitude and width, and sample orientation. Using a
fast Fourier transform, PIMM can determine the frequency dependence of the complex magnetic permeability, as
well as the step and impulse responses of the magnetic system. Data from 50 nm Ni-Fe and rare-earth-doped
Ni-Fe thin films are presented. [J262]

"Wireless house calls: using communications technology for health care and monitoring"
Recent advances in telecommunications and information technologies have enabled various novel applications in
health care and monitoring to address the needs of elderly and chronic patients. As wireless technology
becomes more ubiquitous and affordable, applications, such as video-telephony over POTS, will gradually
migrate towards third-generation wireless systems. We can also expect to see low-cost miniature wireless
circuitry merging with sensor technologies to create a wide range of minimally invasive continuous health-
monitoring systems. In some cases, wireless signals alone can be interpreted to monitor vital signs. These
techniques promise to greatly improve the cost and convenience associated with long-term outpatient monitoring,
and could potentially extend monitoring to the broader healthy population for preventative diagnostics and alerts.
[J263]

"Two-dimensional optical emission imaging of a XeCl discharge in a microwave resonant cavity"
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Optical emission of a XeCl excimer discharge, within a 1.2-cm diameter quartz discharge tube, excited by 2.45-
GHz microwaves in an Asmussen resonant cavity, operating in the TM012cavity mode, has been imaged onto a
two-dimensional (2-D) charge-coupled device (CCD) camera. Spatial imaging of the discharge provides
information on the heating regions of the cylindrical plasma as well as the contraction of the plasma diameter
with increasing pressure. This technique also provides a real-time diagnostic for production of ultra-violet (UV)
emission using a UV bandpass filter [J264]

"Microwave emission from plasmas produced by magnetically confined-electron beams"
Microwave emission, in the x-band frequency range (8.2-12.4 GHz), from a thin, large, rectangular sheet plasma
has been measured. The plasma electron density was such that the plasma frequency was within or just above
this frequency range. The plasma was immersed in an external magnetic field from a set of Helmholz coils. The
magnetic field was oriented parallel to the electric field between the anode ground plane and a cylindrical, hollow
cathode. The spectrum of the emitted noise was measured for both ordinary mode (P to B) and extraordinary
mode (  to B) polarization in the x-band. The emission was strongest at high harmonics of the electron
cyclotron frequency. Mechanisms that might produce this noise and its potential use as a diagnostic tool are
discussed [J265]

"Passive high-power microwave components"
This review discusses the present state-of-the-art of passive high-power microwave components for applications
in microwave systems for RF plasma generation and heating, plasma diagnostics, plasma and microwave
materials processing, spectroscopy, communication, radar ranging and imaging, and for drivers of next
generation high-field-gradient electron-positron linear colliders. The paper reports on high-power components for
overmoded high-power transmission systems such as smooth-wall waveguides, HE11hybrid mode waveguides
and quasi-optical TEM00beam waveguides. These include various types of mode converters, polarizers, cross-
section tapers, bends, mode selective filters, pulse compressors, DC-breaks, directional couplers, beam
combiners and dividers, vacuum windows, and instruments for mode analysis. Problems of ohmic attenuation
and unwanted conversion to parasitic modes are discussed in detail and rules for alignment requirements are
given. In the case of waveguide transmission, this review mainly concentrates on circular waveguide components
but also deals with rectangular waveguide. [J266]

"Initial studies of a long-pulse relativistic backward-wave oscillator utilizing a disk cathode"
One of the major issues in high-power microwave device operation is pulse shortening, which often limits
microwave pulses to less than 100 ns. This has been the focus of many studies on the long-pulse backward-
wave oscillator (BWO) at the University of New Mexico. Previous diagnostics have indicated that significant
plasma is produced by a graphite knife-edge or "cookie cutter" geometry cathode. This plasma caused the beam
to expand radially to match the dimensions of the cutoff neck upon entrance into the slow-wave structure. This
effect led to an impedance collapse at which point the microwave production ceased. In recent studies by Loza
and colleagues, they have produced intense annular relativistic electron beams that maintain a stable cross
section for 1-μs duration utilizing a disk cathode. Whereas the beams produced by Loza and colleagues were
not used in microwave sources, we have incorporated such a disk cathode in a long-pulse relativistic BWO to
study its effort on pulse shortening. This simple solution has led to an increase in pulselength and radiated
microwave power up to a factor of two as compared to the "cookie cutter" cathode. [J267]

"Enthalpy-probe diagnostics of an atmospheric-pressure unleaded petrol exhaust-gas microwave-
induced plasma"
An unleaded petrol exhaust-gas microwave-induced plasma (MIP) at atmospheric pressure was generated in a
TE101resonant-mode cavity. The microwave discharges were generated at three incident microwave power
levels: 500 W, 700 W, and 1500 W. An enthalpy probe was used to characterize the exhaust-gas MIP discharge,
yielding values of enthalpy, velocity, and heavy-particle temperature along the microwave-discharge axis. The
heavy-particle temperature was found to be 710 K, 940 K, and 1065 K, with velocities of 140 m s-1, 148 m s-1,
and 155 m s-1, at the exit plane of the discharge tube for an exhaust-gas flow rate of 3.5 l min-1at 500 W, 700
W, and 1500 W respectively. The assumption of local thermodynamic equilibrium is required in the calculation of
temperature and velocity in the microwave discharge from the enthalpy-probe data. In microwave-induced
plasmas, the electron temperature is significantly higher than the heavy-particle temperature. We present
arguments that indicate that the calculated heavy-particle temperature and velocity values are nevertheless
accurate. [J268]

"Not your mother's mammography [Jbreast cancer detection]"
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Breast cancer accounts for nearly one of every three cancers diagnosed in US women. While great strides have
been made in early detection, the conventional method of mammography is not failproof it has trouble imaging
dense tissue, it may show suspicious areas where no malignancy exists, and radiologists interpreting the images
can miss up to 15 percent of cancers. It's also uncomfortable, requiring each breast to be compressed between
plastic plates, which can lead to bruising. Susan Hagness wants to change all that. An assistant professor of
electrical engineering at the University of Wisconsin-Madison, she is pioneering a novel detection technique that
uses ultrawideband microwaves to image even the tiniest malignant tumors in the breast. Breast tumors and
normal tissue show much more contrast at microwave frequencies than at the X-ray frequencies used for
mammograms. Microwaves are also nonionizing, and the technique requires no breast compression. In Susan
Hagness' search for a better way to detect breast cancer, she gets her students involved, too. Such efforts have
paid off: her courses consistently receive high marks on student evaluations. [J269]

"Time-domain reconstruction for thermoacoustic tomography in a spherical geometry"
Reconstruction-based microwave-induced thermoacoustic tomography in a spherical configuration is presented.
Thermoacoustic waves from biological tissue samples excited by microwave pulses are measured by a wide-
band unfocused ultrasonic transducer, which is set on a spherical surface enclosing the sample. Sufficient data
are acquired from different directions to reconstruct the microwave absorption distribution. An exact
reconstruction solution is derived and approximated to a modified backprojection algorithm. Experiments
demonstrate that the reconstructed images agree well with the original samples. The spatial resolution of the
system reaches 0.5 mm. [J270]

"Exact frequency-domain reconstruction for thermoacoustic tomography. I. Planar geometry"
We report an exact and fast Fourier-domain reconstruction algorithm for thermoacoustic tomography in a planar
configuration assuming thermal confinement and constant acoustic speed. The effects of the finite size of the
detector and the finite length of the excitation pulse are explicitly included in the reconstruction algorithm. The
algorithm is numerically and experimentally verified. We also demonstrate that the blurring caused by the finite
size of the detector surface is the primary limiting factor on the resolution and that it can be compensated for by
deconvolution. [J271]

"Exact frequency-domain reconstruction for thermoacoustic tomography. II. Cylindrical geometry"
For pt. I see ibid., vol. 21, no. 7, p. 823-8 (2002). Microwave-induced thermoacoustic tomography (TAT) in a
cylindrical configuration is developed to image biological tissue. Thermoacoustic signals are acquired by
scanning a flat ultrasonic transducer. Using a new expansion of a spherical wave in cylindrical coordinates, we
apply the Fourier and Hankel transforms to TAT and obtain an exact frequency-domain reconstruction method.
The effect of discrete spatial sampling on image quality is analyzed. An aliasing-proof reconstruction method is
proposed. Numerical and experimental results are included. [J272]

"Mechanism of C 2 hydrocarbon formation from methane in a pulsed microwave plasma"
Methane dissociation, followed by the formation of C2hydrocarbons, in a pulsed microwave discharge in
methane was investigated by mass spectrometry and optical emission spectroscopy (OES). Long microwave
pulses ( 200 mu s)are characterized by a pronounced dehydrogenation, but have a disadvantage in the
saturation of the methane conversion at relatively low values, due to methane depletion toward the end of the
pulse. For shorter pulses, the conversion degree increases approximately linearly as a function of energy input,
and a maximum conversion of 90% with 80% selectivity toward acetylene was obtained for 60 mu s pulses at 1
kHz repetition frequency. A further decrease of the pulse duration (20 mu s) at higher frequency, in order to
ensure a similar energy input, resulted in a decrease in conversion and dehydrogenation. The explanation of the
effect of the pulse duration is based on information provided by optical emission spectroscopy of active species
generated in the discharge. Atomic hydrogen, formed by methane dissociation, was found to play an essential
role in methane plasma chemistry. A qualitative estimation of the variation of H atom concentration with
operating conditions was done by actinometry, since time-resolved OES provides evidence that atomic hydrogen
is mainly formed in the ground state and dissociative excitation can be neglected. In addition to the concentration
of atomic hydrogen, the second key parameter is the gas temperature. It was determined from the relative
intensity distribution in the rotational structure of the (0,0) C2Swan band and of the (2,2) H2Fulcher-alpha band.
Gas temperatures between 1500 and 2500 K were determined for the present discharge conditions. The
hydrogen abstraction-by hydrogen atoms, favored at high temperature, is responsible for the high methane
conversion and low energy requirement achieved (9-10 eV/molecule) and for the distribution of the reaction
products. copyright 2002 American Institute of Physics. [J273]
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"Charged species dynamics in an inductively coupled Ar/SF 6 plasma discharge"
The chemistry of high-density SF6plasma discharges is not well characterized. In this article, a combination of
computational modeling and experimental diagnostics has been utilized to understand charged species dynamics
in an inductively coupled Ar/SF6plasma discharge. The model is based on the two-dimensional Hybrid Plasma
Equipment Model with a detailed plasma chemical mechanism for Ar/SF6.In the experiments, absolute electron
density and total negative ion density have been measured using microwave interferometry and laser
photodetachment, respectively. In addition, we have also utilized prior measurements of mass and energy
resolved ion fluxes by Goyette etal [J. Vac. Sci. Technol. A 19, 1294 (2001)]. Computational results show that all
SFx+(x=0-5)ions are present in the plasma discharge. Important negative ions include SF6-,SF5-,and F-
.Electron and positive ion densities increase with coil power due to enhanced ionization. However, negative ion
densities decrease with coil power as the main negative ion precursor, SF6,is lost through neutral dissociation.
An increase in SF6concentration in the Ar/SF6gas mixture decreases electron density due to enhanced electron
loss through (dissociative) attachment, which enhances negative ion densities. RF bias power does not have an
appreciable impact on the ion and electron densities for the parameter range of interest. Experiments show that
electron density decreases with gas pressure while the total negative ion density increase- s up to 25 mTorr.
This is due to a decrease in electron temperature, which enhances electron loss through (dissociative)
attachment. Although the model is able to capture most of the experimentally observed trends, there are
discrepancies regarding the impact of gas pressure on electron density and relative flux of large positive ions.
copyright 2002 American Institute of Physics. [J274]

"Langmuir probe diagnostic studies of pulsed hydrogen plasmas in planar microwave reactors"
Langmuir probe techniques have been used to study time and spatially resolved electron densities and electron
temperatures in pulse-modulated hydrogen discharges in two different planar microwave reactors
(fmicrowave=2.45GHz, tpulse=1 ms). The reactors are (i) a standing-wave radiative slotted waveguide reactor
and (ii) a modified traveling-wave radiative slotted waveguide reactor, which generate relatively large plasmas
over areas from about 350 to 500 cm2.The plasma properties of these reactor types are of particular interest as
they have been used for basic research and for plasma processing; for example, for surface treatment and layer
deposition. In the present study the pressures and microwave powers in the reactors were varied between 33
and 55 Pa and 600 and 3600 W, respectively. In regions with high electromagnetic fields, shielded Langmuir
probes were used to avoid disturbances of the probe characteristic. Close to the microwave windows of the
reactors both the electron density and the electron temperature showed strong inhomogeneities. In the standing-
wave reactor the inhomogeneity was found to be spatially modulated by the position of the slots. The maximum
value of the electron temperature was about 10 eV, and the electron density varied between 0.2 and
14×1011cm-3.The steady-state electron temperature in a discharge pulse was reached within a few tens of
microseconds, whereas the electron density needed some hundreds of microseconds to reach a steady state.
Depending on the reactor the electron density reached a maximum between 80 and 200 mu s after the
beginning of the pulse. copyright 2002 American Institute of Physics. [J275]

"Electromagnetic and absorption properties of some microwave absorbers"
Electromagnetic properties of a thermoplastic natural rubber (TPNR), a lithium-nickel-zinc (Li-Ni-Zn) ferrite and a
TPNR-ferrite composite subjected to transverse electromagnetic (TEM) wave propagation were investigated. The
incorporation of the ferrite into the matrix of the TPNR was found to reduce the dielectric loss but the magnetic
loss increased. The absorption characteristics of all the samples subjected to a normal incidence of TEM wave
were investigated based on a model of a single-layered plane wave absorber backed by a perfect conductor. It
is evident from a computer simulation that the ferrite is a narrowband absorber, whereas the polymeric samples
show broadband absorption characteristics. Minimal reflection of the microwave power or matching condition
occurs when the thickness of the absorbers approximates an odd number multiple of a quarter of the
propagating wavelength. This is discussed as due to cancellation of the incident and reflected waves at the
surface of the absorbers. The Li-Ni-Zn ferrite exhibits another matching condition at low frequency when the
magnitude of the complex relative dielectric permittivity (Er*)equals that of the complex relative magnetic
permeability (mu r*).The specular absorber method provides a simple theoretical graphic aid for determining the
absorption characteristics and the location of the matching conditions in the frequency domain. The result for the
ferrite sample was tested and confirmed directly from terminated one-port measurements. copyright 2002
American Institute of Physics. [J276]

"Solid-state laser induced microwave effects"
Intense laser radiation that is intensity modulated at microwave frequencies produces microwave radiation from a
variety of solid-state materials that is band limited by the bandwidth of the laser modulation. An experimental
investigation is summarized that provides data on the wavelength, laser intensity, laser modulation frequency,
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angular distribution, and, in some cases, electric field dependence on the microwave radiation that is produced.
When the wavelength of the laser is sufficiently short such that electrons are promoted from the valence to the
conduction band, it is clear that the radiation results from the dipole layer radiation resulting from these electrons
accelerated in the electric field produced by band bending at the surface or in the PN junction of devices. There
appear to be other mechanisms operative in materials such as Ge and ponderomotive forces seem likely. Also
poorly understood at this time is the radiation from materials such as ZnS which has a cubic dependence on the
incident laser intensity. It is suspected that nonlinear optical effects may be responsible. Although this article only
presents experimental results for modulated Q-switched Nd:yttrium-aluminum-garnet laser systems, the authors
have obtained entirely consistent results using other laser systems and these results are not presented for the
sake of brevity. The production of laser induced microwave effects appears to be a relatively ubiquitous effect in
many materials that may provide a useful solid-state diagnostic tool (with improved understanding) or probe of a
material's electromagnetic properties. copyright 2002 American Institute of Physics. [J277]

"Applications of RF/microwaves in medicine"
Medical applications of RF/microwaves are highlighted in this paper. The emphasis is placed on newer emerging
diagnostic and therapeutic applications, such as microwave breast cancer detection, and treatment with localized
high power used in ablation of the heart, and liver, benign prostate hypertrophy, angioplasty, and others. A very
brief outline of biological effects of RF/microwaves and associated issues is given as background to the
applications [J278]

"Microwave industry outlook-wireless communications in healthcare"
Concomitant advances in communications and medical technology have led to increasing deployment of
telemedicine systems and services around the world. The goals of these systems are to increase the
accessibility of professional caregivers, increase the quality of care to patients, and to increase the focus on
preventative medicine through early intervention, all while reducing the overall cost of healthcare. Current pilot
programs are beginning to show that these goals are achievable, warranting continued investment in
telemedicine technologies [J279]

"Cathode and anode plasmas in short-pulse explosive field emission cathodes"
Explosive field emission cathodes have been a subject of research for a number of years. These cathodes offer
high current densities and total current without requiring a heater for the production of electrons. Generally these
cathodes consist of some structure with a series of tips or metal-dielectric regions in which a large electric field
enhancement can occur. A cathode plasma is then formed from these discharge points that then supplies the
electrons necessary for space charge limited emission. This article reports on a series of optical measurements
in which the cathode and anode plasmas of explosive field emission cathodes are observed. Three types of
cathodes are investigated. These types are a polymer velvet cathode, a metal-dielectric cathode, and a tufted
carbon fiber cathode in which the fibers have been coated with a cesium iodide salt. Cesium iodide coated
carbon fiber cathodes have shown a great deal of promise for various field emitter applications. From these high
speed photos, the evolution of the plasmas on both cathode and anode can be qualitatively ascertained.
Experimentally we find that not only does cathode plasma behavior depend on the type of cathode, but the
anode plasma behavior does also. Further, we find that the best performing cathode shows the most rapid
plasma formation on both anode and cathode, yet without a rapid plasma expansion across the anode-cathode
gap. copyright 2002 American Institute of Physics. [J280]

"Radial contraction of microwave-sustained plasma columns at atmospheric pressure"
Plasma columns sustained at high enough gas pressures undergo radial contraction as manifested by their glow
not entirely filling the radial cross-section of the discharge tube. This phenomenon has been reported with direct
current, radio frequency, and microwave discharges. However, its modeling is still incomplete, in particular for rf
and microwave discharges, a situation attributed to a lack of experimental data. To fill this gap, we took
advantage of the extreme flexibility in terms of field frequency, tube diameter and gas nature of surface-wave
sustained discharges to achieve a parametric study of this phenomenon. Special attention was paid to
filamentation, specific to rf and microwave discharges, which is the breaking of a single channel of plasma into
two or more smaller filaments as a result of the skin effect. We used emission spectroscopy as the main
diagnostic means. Electron density was obtained from Stark broadening of the Hbeta line, while molecular-band
spectra emitted by the OH radical and the N2+molecule were employed to determine the discharge gas
temperature, leading to its radial distribution upon performing Abel inversion. For a given tube radius, contraction
is shown to increase with decreasing thermal conductivity of the discharge. As a result, He and N2discharges
are the least contracted, while contraction increases with increasing atomic mass of noble gases. Of all these
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discharges, the N2discharge appears to be the closest to local thermodynamic equilibrium. copyright 2002
American Institute of Physics. [J281]

"On a variational approach to the extraction of quadratures from broadband reflectometry signals"
A variational method is employed to retrieve the phase from broadband reflectometry signals. The method yields
the so-called in-phase and quadrature components of a signal (the signal quadratures in short), by stipulating
that these should have the smallest possible amount of functional variation, whereby the signal carrier frequency
is also recovered as a by-product. The variational approach is based on the reasonable assumption that, for
given data, the quadratures are expected to be as slow as possible, as they contain the slow modulations of
amplitude and phase, while rapid variations are accounted for by the carrier frequency. The advantages and
shortcomings of the variational method are discussed, and a pertinent comparison with the analytic signal-
recently proposed as a means to extract the phase from broadband reflectometry signals-is also carried out. The
application of the variational method to the reflectometry problem is shown to yield results that are similar to
those obtained via the analytic signal. The difference is not significant, especially if detailed measurements are
not required, but only averaged ones. copyright 2002 American Institute of Physics. [J282]

"Energy distribution of the compact microwave ion source for extremely low voltage ion extraction"
The energy distribution of the ion beam extracted from the compact microwave ion source for extremely low
voltage ion extraction was measured with Ar and CO as a discharge gas. The energy distribution was measured
by the retarding field method, and changes with respect to the change in gas pressure were observed. The
obtained data were arranged by the peak energy and the energy spread. For both gases, the peak energy and
the energy spread decreased with an increase in the gas pressure. The energy spread of approximately 5 eV
with the peak energy of 15 eV were obtained for Ar gas at the pressure of 10-2 Pa.For CO gas, the peak energy
was higher than Ar and approximately 20 eV. The energy spread was 6 eV at the pressure of 10-2 Pa.These
values agreed with the peak energy and energy spread that were estimated previously from the mass spectra
analysis. Since the ion source was designed to be used in the researches of low energy ion-solid interaction,
these characteristics satisfy the requirements for this purpose. copyright 2002 American Institute of Physics.
[J283]

"A gold film detector for radial profile measurement of plasma density by using a gold neutral beam
probe"
A gold film detector was developed in order to measure the plasma density profile by use of the gold neutral
beam probe. The detector is a kind of neutral beam detector composed of a rectangular entrance collimator, two
sets of grid plates, a gold thin film, a quartz backing, and a microcarbon coated copper plate. The secondary
electrons emitted from the gold film were utilized for the neutral beam detection. The yield curves of the
secondary electrons were measured as a function of the incident angle and electron energy in both cases of the
gold neutral probing beam and ultraviolet ray injection. Time evolution of the plasma line density was measured
by adjusting the incident angle and adding a beam chopping method. The result was in good agreement with the
line density measured by a microwave interferometer. It was found that this film detector was quite useful in the
viewpoint of simultaneous measurements of the electrostatic potential and plasma density profiles. copyright
2002 American Institute of Physics. [J284]

"Imaging system for low-density plasma by heterodyne interferometer with fan beam microwave"
A microwave imaging system based on a heterodyne interferometer has been developed to measure the spatial
distribution of the plasma density without introducing any direct disturbance to the plasma by employing a diode
array scattering technique. The imaging system with the use of a fan beam microwave for a radar system
demonstrates the principle of the technique by placing finite-size dielectric phantoms instead of the plasma
between the horn antenna and the diode antenna array. Experimental results show that very good image of the
objects can be reconstructed and the system is equivalent to popularly known multichannel imaging system. As a
result, it is possible to make simple, low-cost, and compact microwave interferometer for measuring the spatial
distribution of the plasma density. copyright 2002 American Institute of Physics. [J285]

"Microwave medical devices"
This article describes several new microwave medical devices that either were or are being developed at MMTC,
Inc. in cooperation with the following institutions: Celsion Corporation, Columbia, Maryland (microwave balloon
catheters); Montefiore Medical Center (MMC), Bronx, New York (microwave balloon catheters, dual microwave
antennas, and microwave poration); and the University of California at San Francisco (conformal array
antennas). The individuals who developed these devices have previously published patents and articles that
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contain most of the material presented here. All of the medical devices described depend on the ability of
microwaves to deeply penetrate into living tissues. The depth to which microwaves can penetrate tissues is
primarily a function of the dielectric properties of the tissues and of the frequency of the microwaves. In general,
the lower the water content of the tissue, the deeper a wave at a given frequency can penetrate. Also, at the
frequencies of interest, the lower the frequency, the deeper is the depth of penetration into tissues with given
water content [J286]

"Metalorganic precursor decomposition and oxidation mechanisms in plasma-enhanced ZrO 2
deposition"
We investigated the gas phase reaction mechanisms in the ZrO2-deposition plasma using zirconium tert-
butoxide (ZTB) as a metalorganic precursor, Ar as a carrier of the ZTB vapor, and O2as an oxidant using
quadrupole mass spectrometry (QMS). Zirconium containing ions including Zr+,ZrO+,ZrO2H+,ZrO3H3+,and
ZrO4H5+were clearly observed in the plasma, and ions of higher zirconium oxidation states become
progressively favored at higher O2-to-ZTB carrying Ar flow rate ratio (O2/Ar),increased chamber pressure, and
decreased microwave power. The average oxidation state calculated from the partition of ZrOxHy+varied from
0.5 to 2.1 in the process range covering O2/Arof 0 to 4, pressure of 5 to 40 mTorr, and power of 150 to 700 W.
Based on the QMS analyses, we proposed two main opposing reaction paths responsible for the complex gas
phase reactions, i.e., serial dissociations and serial oxidations. The increase in the electron temperature and
density resulted in the shift of ZrOxHy+to lower oxidation states by enhancing the dissociation of Zr O bond and
by depleting oxygen through gas phase reactions. The repartitioning of the ZrOxHy+species was al- so
contributed by their different Zr O dissociation energies. To ascertain the effect of various process variables, we
monitored the time evolutions of O2+and ZrOxHy+intensities as we abruptly change a process variable: the
chemical effect (O2/Ar)led to gradual changes in their intensities, whereas physical effects (pressure and power)
caused an abrupt step change in accordance with an instant response of the plasma electrons. copyright 2002
American Institute of Physics. [J287]

"Surface dependent electron and negative ion density in SF 6 /argon gas mixtures"
Electron and negative ion densities were measured in an inductively driven plasma containing mixtures of
SF6and Argon. The electron and negative ion density were measured as functions of the induction coil power,
pressure, bias power, and SF6/argonratio. To investigate the influence of surface material, the rf biased
electrode was covered with a silicon wafer or a fused silica (SiO2)wafer. Line integrated electron density was
determined using a microwave interferometer, and absolute negative ion densities in the center of plasma were
inferred using laser photodetachment spectroscopy. Voltage and current at the induction coil and rf biased
electrode were also measured for both surfaces as functions of induction coil power, pressure, rf bias, and
SF6/argonratio. For the range of induction powers, pressures, and bias powers investigated, the electron density
had a maximum of 5×1012cm-2(line-integrated) or approximately 5×1011cm-3.Over this same range the
negative ion density had a maximum of 2×1011cm-3,and was always less than the electron density. For most
conditions, the negative ion density above the oxide surface was a factor of 5 to 10 larger than the density
above the silicon surface. In contrast, the electron density above the oxide surface was equal to or slightly
higher than the density above the silicon surface. Surface dependent changes in the induction coil and rf bias
voltage and current were also observed. copyright 2002 American Institute of Physics. [J288]

"Probe diagnostics of high pressure microwave discharge in helium"
A method for the determination of electron temperature and plasma density in high pressure helium plasmas is
established using numerical results of the continuum probe model by Cohen [Phys. Fluids 6, 1492 (1963)].
Simple algebraic functions are derived to approximate the probe characteristics of high pressure plasmas
calculated by Cohen and are applied to use iterative procedures for the determination of plasma parameters. The
proposed fitting technique has allowed one to obtain reasonable plasma parameters even for the probe
characteristics strongly affected by large secondary electron emission currents from the probe. Fitting of the ion
saturation current may possibly be used to estimate the ion temperature, provided that the electron temperature
and plasma density are known. Finally high pressure helium microwave discharges have been produced by
moderate microwave power of 400 W and investigated by the present method. copyright 2002 American Institute
of Physics. [J289]

"Plasma diagnostics in large area plasma processing system"
A series of plasma diagnostic have been carried out in our large area plasma processing system which is based
on a modulated electron-beam produced plasma. These discharges were created in both electrically conducting
and insulated vacuum chambers operated in 30-120 mTorr of pure gases (argon, oxygen, and nitrogen).
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Langmuir probes, microwave transmission, mass spectrometry, and external current sensors show robust
discharges were made over fairly wide parameter ranges resulting in plasma densities of 1-4×1011cm-3and
temperature ranging from 0.2 eV for the molecular gases and 1.4 eV for argon. The effects of various
experimental techniques, parameters, and contamination issues are discussed in detail. copyright 2001 American
Vacuum Society. [J290]

"Influence of the different operations of gas in the large microwave plasmas"
The study of discharge performance was performed for argon, nitrogen, and the H2-C2H5OHgas mixture in a
power range from 250 to 1000 W, and a pressure range from 10 to 1000 Pa. With argon, a surface wave at the
plasma-quartz interface can be excited above 250 W. The surface wave modes can be identified as m=4and
m=6with pressures of 10 and 230 Pa. With nitrogen, surface waves propagate in two or more modes superposed
with a different value of mbelow the pressure of 133 Pa. In contrast to the above gases, the H2-C2H5OHgas
mixture showed no surface wave generation for power levels up to 1000 W; only a hemisphere plasma with a
diameter of 8 cm was observed just above the substrate. The plasma, having a diameter of 160 mm, is uniform
below the pressure of 133 Pa in nitrogen discharges, but the plasma density is lower than in argon discharges.
The radial distributions of electron density in the quartz tube also prove the existence of surface waves for argon
and nitrogen. In addition, the axial distributions of electron density prove that the traveling and standing surface
waves can be excited by argon discharges in each case: with or without the short plunger at the top of the
setup. copyright 2001 American Vacuum Society. [J291]

"Process development for small-area GaN/AlGaN heterojunction bipolar transistors"
A self-aligned fabrication process for small emitter contact area (2×4 mcm2)GaN/AlGaN heterojunction bipolar
transistor is described. The process features dielectric-spacer sidewalls, low damage dry etching, and selected-
area regrowth of GaAs(C) on the base contact. The junction current-voltage (I-V)characteristics were evaluated
at various stages of the process sequence and provided an excellent diagnostic for monitoring the effect of
plasma processes such as chemical vapor deposition or etching. A comparison is given with large emitter-area
(1.96×103 mcm2)devices fabricated on the same material. The small-area devices are attractive for microwave
power switching applications provided a high-yield process can be developed. copyright 2001 American Vacuum
Society. [J292]

"Ultrahigh-rate plasma jet chemical etching of silicon"
A very high-rate chemical dry etching technique based on the plasma jet principle is presented. In this system a
gas mixture of Ar/SF6/O2is fed into the vacuum system through a nozzle. In the vicinity of the nozzle a
microwave-excited plasma jet is formed. Reactive radicals created in the plasma jet flow onto the workpiece
surface which is located downstream from the plasma jet. Volume etch rates in the order of 50 mm3/mincan be
achieved. The dependence of the etch rate on the gas mixture and ambient pressure as well as surface
temperature has been determined. Reactive species could be identified by means of optical emission
spectroscopy. copyright 2001 American Vacuum Society. [J293]

"Spatial distributions of the absolute CF and CF 2 radical densities in high-density plasma
employing low global warming potential fluorocarbon gases and precursors for film formation"
Behaviors of gas species in electron cyclotron resonance (ECR) plasmas employing low global warming potential
fluorocarbon gases of hexafluorobutadiene (C4F6)and hexafluoropropene (C3F6)with unsaturated carbon bonds
together with the conventional octafluorocyclobutane (c-C4F8)are investigated. The spatial distributions of the
absolute CF and CF2radical densities are measured by combining the single-path infrared diode laser absorption
spectroscopy and laser-induced fluorescence techniques. CF2radicals have hollow-type distributions at all
conditions in the ECR plasma reactor. However, the spatial distribution of the CF radical density differs greatly
from that of the CF2radical density. Behaviors of carbon atoms measured by vacuum ultraviolet absorption
spectroscopy disagree with those of CF and CF2radical densities. The behaviors of ion and fluorine species and
the gas pressure in the plasma have been also evaluated. Fluorocarbon films with low dielectric constant of
about 3.0 are deposited at a high rate of 600 nm/min at high microwave powers in C3F6and C4F6plasmas. The
distribution of deposition rates of the film on the 8 in. Si substrate shows hill-type distributions, which are quite
different from the spatial distribution--s of CF and CF2radical densities. Therefore, CF and CF2radicals do not
directly contribute greatly to the growth of fluorocarbon films in these plasmas. The behaviors of C atom
densities indicate the similar tendency to those of deposition rates of films. On the basis of systematically
measured results of species in the plasma and film deposition rate on Si wafer, it is clarified that the C atom and
polymeric species contribute dominantly to the formation of films at a high rate in low-pressure and high-density
fluorocarbon plasmas. copyright 2001 American Vacuum Society. [J294]
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"Computational modeling of three-dimensional microwave tomography of breast cancer"
The microwave tomographic approach is proposed to detect and image breast cancers. Taking into account the
big difference in dielectrical properties between normal and malignant tissues, the authors have proposed using
the microwave tomographic method to image a human breast. Because of the anatomical features of the objects,
this case has to be referred to the tomography with a limited angle of observation. As a result of computer
experiments the authors have established that multiview cylindrical configurations are able to provide microwave
tomograms of the breast with a small size tumor inside. Using the gradient method, the authors have developed
a computer code to create images of the three-dimensional objects in dielectrical properties on microwave
frequencies. [J295]

"2000 Medical Imaging Conference (MIC)"
The following topics were dealt with: detectors and camera technology (including: a pixellated semiconductor
gamma camera; virtual PMTs); PET instrumentation (including: collimated coincidence point sources; an LSO
scintillator array); SPECT instrumentation (including: a quasi-monochromatic CT system; scintillation cameras);
image analysis and processing (including: 3D image reconstruction; absorbed dose imaging and profiling);
miniature radiation cameras (including: an axillary region PET system; small animal SPECT) [J296]

"Active-amplifier-array diagnostics using high-resolution electrooptic field mapping"
Several Ka-band spatial-amplifier power combiners and their free-space feeds were characterized using a high-
resolution extreme-near-field electrooptic measurement technique. The two-dimensional electric-field amplitude
and phase maps obtained from several arrays are presented. The usefulness of the technique for diagnostic
purposes during the design and prototyping stages of the active arrays is discussed. In particular, the
electrooptic maps were shown to be valuable for making improvements in the bias line design in one case, and
for isolating faulty unit cells in another case [J297]

"Quartz-crystal microbalance study for characterizing atomic oxygen in plasma ash tools"
This article discusses the measurement of atomic oxygen (AO) concentrations in an oxygen discharge using a
quartz-crystal microbalance (QCM). This is a device that has been previously used for monitoring thin-film
deposition, among several other applications. The sensor consists of a silver-coated quartz crystal that oscillates
at its specific resonant frequency (typically, at about 6 MHz), which is dependent on the mass of the crystal.
When exposed to AO, the silver oxidizes rapidly, resulting in a change in its mass, and a consequent change in
this frequency. The frequency change is measured with a counter, and when plotted versus time, it may be fit to
a standard diffusion-limited oxide-growth model. This model is then used to determine the specific AO flux to the
crystal, and by inference, to the wafer. Initial results of QCM measurements in the FusionGemini Plasma Asher
(GPL™-standard downstream microwave asher) and FusionGemini Enhanced Strip (GES™-fluorine compatible
enhanced strip asher) are presented in this article. The results indicate AO densities of the order of 1012 cm-3on
the wafer. There is a marked increase in AO concentration with addition of nitrogen into the plasma, and a
decrease in AO concentration with increasing pressure at constant flow. Effects of increasing the total plasma
volume in the enhanced strip tool on AO production are discussed. copyright 2001 American Vacuum Society.
[J298]

"Measurement of ion temperatures in a large-diameter electron cyclotron resonance plasma"
The ion temperature in a large-diameter electron cyclotron resonance plasma is measured using high-resolution
optical emission spectroscopy, and the correlation between the ion temperature and fluctuations observed near
the chamber wall is investigated. Furthermore, the effect of multicusped fields on the ion temperature is
examined. The ion temperature and the amplitude of ion saturation current fluctuations are found to decrease
when multicusped fields are applied. The ion temperature and fluctuations increase with increasing incident
microwave powers from 2.0 to 2.5 kW, indicating that the ion temperature is correlated with the fluctuation
amplitude. The measurement of the ion saturation current fluctuation and floating potential fluctuation suggests
that the fluctuations are excited by flute instability. copyright 2001 American Institute of Physics. [J299]

"Microwave image reconstruction utilizing log-magnitude and unwrapped phase to improve high-
contrast object recovery"
Reconstructing images of large high-contrast objects with microwave methods has proved difficult. Successful
images have generally been obtained by using a priori information to constrain the image reconstruction to
recover the correct electromagnetic property distribution. In these situations, the measured electric field phases
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as a function of receiver position around the periphery of the imaging field-of-view vary rapidly often undergoing
changes of greater than \pi radians especially when the object contrast and illumination frequency increase.
Here, the authors introduce a modified form of a Maxwell equation model-based image reconstruction algorithm
which directly incorporates log-magnitude and phase of the measured electric field data. By doing so, measured
phase variation can be unwrapped and distributed over more than one Rieman sheet in the complex plane.
Simulation studies and microwave imaging experiments demonstrate that significant image quality enhancements
occur with this approach for large high-contrast objects. Simple strategies for visualizing and unwrapping phase
values as a function of the transmitter and receiver positions within our microwave imaging array are described.
Metrics of the degree of phase variation expressed in terms of the amount and extent of phase wrapping are
defined and found to be figures-of-merit which estimate when it is critical to deploy the new image reconstruction
approach. In these cases, the new algorithm recovers high-quality images without resorting to the use of a priori
information on object contrast and/or size as previously required. [J300]

"Electron temperature measurement in a slot antenna 2.45 GHz microwave plasma source"
The electron temperature in a low-pressure microwave electron cyclotron resonance slot antenna produced
plasma is obtained. The upper excited atomic level populations have been measured through atomic emission
spectroscopy. It has been shown that the Corona balance provides a good description of such levels and, based
on this fact, a simple argon collisional-radiative model has been used in the temperature determination.
copyright 2001 American Vacuum Society. [J301]

"Analytical simulation of microwave reflectometry of a plasma cylinder"
An analytical solution of a time-dependent two-dimensional (2D) full-wave equation is obtained for the case of
microwave propagation in a plasma with axial symmetry. The 2D structure of the electromagnetic wave in a
nonmagnetized plasma (or an ordinary wave in a magnetized plasma) is studied for the general case of arbitrary
time dependence of the incident wave emitted by the horn. The solutions cover the cases of conventional
microwave reflectometry as well as the ultrashort pulse reflectometry of fusion and processing plasma. Analytical
expressions can be further applied to study plasma density fluctuations as well as effects of plasma curvature
and multidimensionality. The 2D plasma cylinder model is deemed by the authors to be more realistic as
compared to the one-dimensional plasma slab model previously employed in all the analytical and most
numerical treatments since the plasma in the fusion toroidal devices, mirror machines, and plasma processing
chambers can be considered axially symmetric on the scale relevant to microwave reflectometry. copyright 2001
American Institute of Physics. [J302]

"New diagnostics for physics studies on TEXTOR-94 (invited)"
Recently the Dutch, Belgian, and North-Rhine Westphalian Fusion Institutes have consolidated their fusion
research on the medium-sized tokamak TEXTOR-94 in the so-called Trilateral Euregio Cluster. To aid the new
physics program of TEC, a large number of advanced core diagnostics has recently been implemented. In this
article we will discuss the reasoning that has led to the choices of the various diagnostics. Furthermore, we will
briefly describe the new diagnostics systems. copyright 2001 American Institute of Physics. [J303]

"Microwave interferometer for steady-state plasmas"
Standard single frequency, "fringe-counting," microwave interferometers are of limited use for steady-state
plasma experiments. We have constructed a swept frequency microwave interferometer, similar to a classic
zebra-stripe interferometer, optimized for electron density measurements in steady-state plasma experiments.
The key element in the system is a frequency doubled YIG oscillator capable of sweeping from 20 to 40 GHz.
As the source frequency is swept, the sum of the reference and plasma leg signals exhibits a series of beats.
Both the frequency shift and phase shift of the beat pattern due to the addition of plasma in one leg of the
interferometer is used to determine the line-integrated electron density. copyright 2001 American Institute of
Physics. [J304]

"Microwave reflectometry for turbulence studies on ASDEX Upgrade"
We study the evolution of turbulence at several radial plasma locations in the Axially Symmetric Divertor
Experiment (ASDEX) Upgrade tokamak, using microwave reflectometry. We analyze two types of scenarios: H-
mode plasmas with improved performance and plasmas with electron cyclotron resonance heating modulation.
Profound modifications of the turbulence spectra, occurring at specific plasma regions, have been found in both
cases, indicating the relation between turbulence changes and confinement. The results demonstrate the ability
of the reflectometry system on ASDEX Upgrade to make localized measurements. Mapping the radial distribution
of turbulence can help us to understand the links between plasma rotation, shear, E×Bflows, and the plasma
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turbulence behavior. copyright 2001 American Institute of Physics. [J305]

"Extreme broadband multichannel ECE radiometer with "zoom" device"
A new radiometer has been built up for the W7-AS stellarator which consists of a frontend with an extreme
broadband mixer, two intermediate frequency (IF) parts with 16 channels each and a novel additional 16 filter
section with variable IF. The system was designed with the future W7-X in mind. All settings can therefore be
remotely changed. This "W7-X" system is integrated into the electron cyclotron emission (ECE) systems at W7-
AS. EC radiation is collected using elliptical mirrors in Gaussian optics. W7-AS results will be shown. The
"zoom" device is installed at DIII-D at the moment; first results are also shown. copyright 2001 American Institute
of Physics. [J306]

"Application of millimeter-wave imaging system to LHD"
Millimeter-wave imaging systems in the frequency range of 70-140 GHz have been developed for diagnostics of
magnetically confined plasmas. The 70 GHz imaging system successfully measures time evolutions of both
radial and axial profiles of line density and electron cyclotron emission (ECE) in a tandem mirror. The imaging
system is being installed in Large Helical Device (LHD) at the National Institute for Fusion Science. In order to
cover the frequency range of the second harmonic ECE on LHD, a new detector using monolithic microwave
integrated circuit technology has been designed and fabricated. The detector consists of the integration of a
receiving antenna, a down-converting mixer diode, and an intermediate frequency amplifier on a GaAs substrate
chip. The heterodyne response up to 10 GHz was confirmed at 70-140 GHz. The optical system consisting of an
ellipsoidal mirror and a flat mirror was designed by using a ray-tracing code and evaluated experimentally at 140
GHz. copyright 2001 American Institute of Physics. [J307]

"Plasma diagnostics for the sustained spheromak physics experiment"
In this article we present an overview of the plasma diagnostics operating or planned for the sustained
spheromak physics experiment device now operating at Lawrence Livermore National Laboratory. A set of 46
wall-mounted magnetic probes provide the essential data necessary for magnetic reconstruction of the Taylor
relaxed state. Rogowski coils measure currents induced in the flux conserver. A CO2laser interferometer is used
to measure electron line density. Spectroscopic measurements include an absolutely-calibrated spectrometer
recording extended domain spectrometer for obtaining time-integrated visible ultraviolet spectra and two time-
resolved vacuum monochrometers for studying the time evolution of two separate emission lines. Another time-
integrated spectrometer records spectra in the visible range. Filtered silicon photodiode bolometers provide total
power measurements, and a 16 channel photodiode spatial array gives radial emission profiles. Two-dimensional
imaging of the plasma and helicity injector is provided by gated television cameras and associated image-
processing software. An array of fiber-coupled photodetectors with H alpha filters view across the midplane and
in the injector region to measure neutral hydrogen concentrations. Several novel diagnostics are being fielded
including a transient internal probe (TIP) and an ultrashort-pulse reflectometer (USPR) microwave reflectometer.
The TIP probe fires a very high velocity optical bullet through the plasma and will provide fairly nonpertabative
internal magnetic field and current measurements to compare with an equilibrium code model fitted to wall-
mounted probes. The USPR is being designed to study edge density and turbulent fluctuations. A multipoint
Thomson scattering system is currently being installed to give radial temperature and density profiles. copyright
2001 American Institute of Physics. [J308]

"Diagnostics of inductively coupled chlorine plasmas: Measurement of electron and total positive
ion densities"
This work is part of a broader study that creates a set of experimentally measured chlorine plasma parameters
(electron and gas temperatures, electron energy distribution function, electron density, densities of ion fractions,
and total ion density). This set is obtained over a broad range of operating conditions (1-20 mTorr, 5-1000 W) of
an inductively coupled plasma. In this part, we present the electron (ne)and total positive ion
(ni+=nCl2++nCl+)densities. neand ni+were measured with a Langmuir probe across the diameter or in the
middle of the reactor. Line integrated values of newere independently obtained with microwave interferometry,
and converted into the spatially resolved data using the Langmuir probe neprofiles. Finally, a method is
presented for measuring relative positive ion densities, based on optical emission at 7504 Å from trace amounts
of Ar. copyright 2001 American Institute of Physics. [J309]

"Energy coupling efficiency of a hydrogen microwave plasma reactor"
Zero-dimensional and two-dimensional plasma models and optical emission spectroscopy are used in tandem to
investigate the power coupling efficiency for a pure hydrogen microwave plasma. The zero-dimensional model
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accounts for the vibrational kinetics of H2,the chemistry of H2and H excited states, and the kinetics of ground-
state species. The set of species conservation equations are then coupled to the electron Boltzmann equation
(to account for the non-Maxwellian electron energy distribution function) and the total energy equation for
solution. The two-dimensional model makes use of a simpler thermochemical description of the plasma. The
chemistry is described with nine species and thirty chemical reactions. Three energy modes are considered to
describe the plasma's thermal nonequilibrium, and Maxwellian distribution functions for kinetic and vibrational
modes are assumed. The non-Maxwellian nature of the electron energy distribution function is separately
accounted for. Experimentally, the absolute line emission intensity is utilized to obtain number densities of up to
five hydrogen excited states using the following transitions: Halpha (6563 Å), Hbeta (4861 Å), Hgamma (4340
Å), Hdelta (4102 Å), and Hepsilon (3970 Å). The first three transitions were used for a 38 Torr, 1000 W
hydrogen discharge, and all five transitions were used for a 121 Torr, 4000 W hydrogen discharge. The absolute
continuum emission from the plasma was compared to numerical predictions. The comparison of the numerical
and experimental data indicates that 90%-100% of the input power is deposited in the plasma and that both the
line and continuum emission match within a factor of 3, with the exception of the high energy excited states for
the 4000 W plasma. A control volume heat transfer analysis validates the ener- gy coupling. copyright 2001
American Institute of Physics. [J310]

"Surface recombination of hydrogen atoms studied by a pulsed plasma excitation technique"
The H atom lifetime in a low pressure hydrogen microwave plasma was measured using a pulse induced
fluorescence technique. This technique is compared to results obtained by a laser spectroscopy technique. We
first demonstrate the validity of the method and then deduce H atom lifetime pressure dependence. The H atom
surface loss probability on fused silica was also deduced from our measurements. We show that this coefficient
is not constant in the time afterglow but decreases almost by one order of magnitude (from 2.3×10-3to 2.1×10-
4)during the first milliseconds. These results are explained using recent experimental and theoretical works
concerning atom-surface interaction in low temperature plasmas. copyright 2001 American Institute of Physics.
[J311]

"Electron density and recombination rate measurements in CO-seeded optically pumped plasmas"
Electron production rate and electron density in cold optically pumped CO-Ar and CO-N2plasmas in the
presence of small amounts of O2and NO have been measured using a Thomson discharge probe and
microwave attenuation. Nonequilibrium ionization in the plasmas is produced by an associative ionization
mechanism in collisions of highly vibrationally excited CO molecules. It is shown that adding small amounts of
O2or NO (50-100 mTorr) to the baseline gas mixtures at P=100 torrresults in an increase of the electron density
by up to a factor of 20-40 (from ne 1010 cm-3to ne=(1.5-3.0)×1011 cm-3).This occurs while the electron
production rate either decreases (as in the presence of O2)or remains nearly constant within a factor of 2 (as in
the presence of NO). It is also shown that the electron-ion recombination rates inferred from these
measurements decrease by two to three orders of magnitude compared to their baseline values (with no
additives in the cell), down to beta 1.5×10-8 cm3/swith 50-100 mTorr of oxygen or nitric oxide added to the
baseline CO-Ar mixture, and beta (2 to 3)×10-7 cm3/swith 75-100 mTorr of O2or N- O added to the baseline
CO-N2mixture. The overall electron-ion removal rates in the presence of equal amounts of O2or NO additives
turn out to be very close, which shows that the effect of electron attachment to oxygen at these conditions is
negligible. These results suggest a novel method of electron density control in cold laser-sustained steady-state
plasmas and open a possibility of sustaining stable high-pressure nonequilibrium plasmas at high electron
densities and low plasma power budget. copyright 2001 American Institute of Physics. [J312]

"Low temperature diamond growth using CO 2 /CH 4 plasmas: Molecular beam mass spectrometry
and computer simulation investigations"
Microwave plasma enhanced chemical vapor deposition has been used to grow diamond films at substrate
temperatures down to 435 °C using CO2/CH4gas mixtures. An Arrhenius plot of growth rate as a function of
substrate temperature yields a value for the activation energy for the growth step of 28 kJ mol-1.This is lower
than that measured previously for CH4/H2systems and hints at a different gas-surface chemistry when using
CH4/CO2plasmas. Molecular beam mass spectrometry has been used to measure simultaneously the
concentrations of the dominant gas phase species present during growth, for a wide range of plasma gas
mixtures (0%-80% CH4,balance CO2).The CHEMKIN computer package has also been used to simulate the
experimental results in order to gain insight into the major reactions occurring within the microwave plasma. The
calculated trends for all species agree well with the experimental observations. Using these data, the model for
the gas phase chemistry can be reduced to only four overall reactions. Our findings suggest that CH3radicals are
likely to be the key growth species when using CO2/CH4plasmas and provide a qualitative explanation for the
narrow concentration window for diamond growth. copyright 2001 American Institute of Physics. [J313]
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"Characteristics of an electronically tunable surface-coil-type resonator for L-band electron
paramagnetic resonance spectroscopy"
This note describes considerable additional information on the key parameters of an electronically tunable
surface-coil-type resonator for L-band continuous-wave electron paramagnetic resonance (EPR) spectroscopy
[Hirata etal, J. Magn. Reson. 142, 159 (2000)]. For the 1.1 GHz prototype tunable surface coil (10.6 mm in
diameter), the measured efficiency for generating the rf magnetic field is 77 mu T/W1/2. The unloaded quality
factor of the tunable surface coil is in the range of 260-310. In absence of an EPR sample, 57% of the magnetic
energy in the system is stored in the parallel coaxial line, 16% in the surface coil, and a half of the energy is
dissipated in the parallel coaxial line. The energy dissipation for the surface coil occurs mainly through radiation
(25% of the total energy dissipation). The level of the second harmonic in the reflected microwaves generated by
the tunable surface coil was measured. The varactor diodes used in the matching and tuning circuits are the
dominant source of the second harmonic. copyright 2001 American Institute of Physics. [J314]

"Plasma diagnostics at electron cyclotron resonance ion sources by injection of laser ablated
fluxes of metal atoms"
Short pulses of neutral particles generated by laser ablation of metal targets have been injected into the
Frankfurt 14 GHz electron cyclotron resonance (ECR) ion source. Rise/fall times of pulses of highly charged ions
of Cd and Mg were registered as a function of microwave power and gas pressure. From a comparison of the
measured data to numerical simulations, values of the electron density and the temperature in the ECR plasma
were estimated to be about 0.75×1012 cm-3and a few keV. The effective electron temperature increases with
increasing microwave power and decreases with increasing gas pressure. The electron density is only a weak
function of the microwave power, but increases significantly with the gas pressure. In the Ar/O2gas-mixing mode
of operation, an improved confinement of lowly charged ions was observed. copyright 2001 American Institute of
Physics. [J315]

"Mass spectrometric studies of a CH 4 /H 2 microwave plasma under diamond deposition
conditions"
We report on mass spectroscopic measurements of species originating from a microwave (MW) discharge
plasma under simulated diamond deposition conditions. The plasma is produced in a 30 W MW flow tube
through which flows a gas mixture of about 1% methane admixed in hydrogen. Plasma composition was
investigated as a function of gas component ratio by Li+-ion attachment mass spectrometry. C,
C2,C2H,C2H2,and C2H4,together with the free-radical species of C2H3and C2H5,were observed on the mass
spectra as Li+-ion adducts. Atomic carbon was the most abundant species, suggesting an important role for
atomic carbons in diamond film growth. copyright 2001 American Institute of Physics. [J316]

"Characterization of electron and negative ion densities in fluorocarbon containing inductively
driven plasmas"
Electron and negative ion densities were measured in inductively coupled discharges containing C4F8.In
addition, the identity of the negative ions in C2F6,CHF3,and C4F8containing discharges was investigated with a
photodetachment experiment utilizing a microwave resonant cavity structure. To investigate the influence of
surface material, the rf-biased electrode was covered with a silicon wafer or a fused silica (SiO2)wafer. Line-
integrated electron density was determined using a microwave interferometer, and absolute negative ion
densities in the center of the plasma were inferred using laser photodetachment spectroscopy. Voltage and
current at the induction coil and rf-biased electrode were also measured for both surfaces as functions of
induction coil power, pressure, and rf bias. For the range of induction powers, pressures, and bias power
investigated, the electron density peaked at 6×1012cm-2(line integrated), or approximately 6×1011cm-3.The
negative ion density peaked at approximately 2.2×1011cm-3.In most cases, the trends in the electron and
negative ion densities were independent of the wafer material. However, a maximum in the negative ion density
as a function of induction coil power was observed above a silicon wafer. The maximum is attributed to a power-
dependent change in the density of one or more of the potential negative ion precursor species. A microwave
resonant cavity structure was developed to identi- fy the negative ions using laser photodetachment
spectroscopy. The technique was demonstrated for inductively coupled discharges containing C4F8,C2F6,and
CHF3.Scanning the laser wavelength over the range of the F-photodetachment energy indicated that while the
dominant negative ion appeared to be F-,weak evidence for other molecular negative ions was observed. Unlike
traditional microwave cavity techniques, this method offers the possibility of spatial resolution. copyright 2001
American Institute of Physics. [J317]
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"Advances in quasioptical grid array technology for millimeter-wave plasma imaging diagnostics"
Quasioptical grid array technologies can provide low cost, wide bandwidth sources supplying 100-500 mW power
levels needed for reflectometric and electron cyclotron imaging of fusion plasmas. Broadband quasioptical
overmoded waveguide frequency multiplier grid array systems have been designed, simulated, fabricated, and
are under test with a goal of providing Watt level output powers from 50 to 200 GHz. Both 1×8,one-dimensional
and 4×4,two-dimensional phased antenna arrays utilizing Schottky varactor loaded transmission lines have been
designed, simulated, fabricated, and are being tested. Microelectromechanical systems have been designed and
fabricated on silicon wafers with traditional integrated circuit processing techniques, resulting in devices with
physical dimensions on the order of a few tens of microns. copyright 2001 American Institute of Physics. [J318]

"Implementation of reflectometry as a standard density profile diagnostic on DIII-D"
The profile reflectometer system on the DIII-D tokamak has been significantly upgraded in order to improve time
coverage, data quality, and profile availability. The performance of the reflectometer system, which utilizes
continuous frequency modulated (FMCW) radar techniques, has been improved as follows: First, a new PC-
based data acquisition system has been installed, providing higher data sampling rates and larger memory
depth. The higher sampling rate enables use of faster frequency sweeps of the FMCW microwave source,
improving time resolution, and increasing profile accuracy. The larger memory depth enables longer data
records, so that profiles can now be obtained throughout 5 s discharges at 100 Hz profile measurement rates,
while continuous sampling at 10 MHz is available for 1 s for high time resolution physics studies. Second, an
initial automated between-shots profile analysis capability is now available. Third, availability of the profiles to
end users has been significantly improved. copyright 2001 American Institute of Physics. [J319]

"Microwave reflectometry for turbulence studies on ASDEX upgrade (abstract)"
The reflectometry system installed in the tokamak ASDEX Upgrade has 11 channels primarily aimed at profile
measurements and two dedicated channels operating at fixed frequency to study density fluctuations. The
channels used for profile measurements can also be operated at fixed frequency. In this article we describe the
potential of the system to study important characteristics of the plasma turbulence, from combined fixed
frequency and profile measurements (to localize the reflecting layers). The numerical tools used to treat fixed
frequency data are briefly described. Using a set of similar discharges and the ability of the microwave
reflectometry system to probe simultaneously different layers with several channels, we obtain the time evolution
of the integrated power spectra of the different signals versus the minor radius of the plasma. In plasma with H-
mode edge and internal transport barrier we could identify a zone at the plasma core and another at the edge
with reduced fluctuation levels, coinciding with the increase of central electron temperature and the L-H
transition, respectively. Before each barrier is established, the turbulence is observed to decrease at the lower
frequency range and is enhanced at the higher frequencies. In modulation electron cyclotron resonance heating
experiments similar modifications in turbulence spectra are observed and may be correlated with the modulation
period. copyright 2001 American Institute of Physics. [J320]

"Pulsed radar reflectometry on the LHD"
Pulsed radar reflectometry is a suitable reflectometric technique with which to study the effect of strong magnetic
shear for the polarization of microwaves in the Large Helical Device. Because pulsed radar reflectometry
measures the delay time of the reflected wave, not the phase, X-mode and O-mode polarized waves can be
distinguished. At a preliminary stage of X-mode operation it is found that the position of the ergodic edge layer is
steady in spite of the increased density in the core region when a neutral beam is injected. If the electron
density does not reach the critical cutoff density, the pulsed radar system could be used as a delayometer. The
measured delayometer signal is almost in agreement with the numerical calculation under the assumption that
polarization of the wave propagated into the plasma is decided at the edge region. copyright 2001 American
Institute of Physics. [J321]

"Doppler reflectometry for the investigation of propagating density perturbations"
In a Doppler reflectometry experiment the line of sight is chosen to be nonperpendicular with respect to the
reflecting layer. This type of diagnostic is able to probe density perturbations with the wave number in the
reflecting layer selected by the tilt angle. The propagation velocity of the perturbations is calculated from the
Doppler shift of the returning microwave signal whereas its intensity contains information about the perturbation
amplitude. The diagnostic capability of Doppler reflectometry is demonstrated at the W7-AS stellarator using an
antenna system with variable tilt angle. The measured values of the propagation velocity of density perturbations
and its radial dependence are in good agreement with the E×Bvelocity of the plasma obtained from
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spectroscopy. Transient states can be followed with a temporal resolution less than 50 mu s. Therefore Doppler
reflectometry allows one to test the interdependence of sheared flow and turbulence on that timescale. copyright
2001 American Institute of Physics. [J322]

"Performance of the microwave reflectometry diagnostic for density profile measurements on
ASDEX Upgrade"
The broadband reflectometry system on ASDEX Upgrade is now routinely providing electron density profiles with
a minimum temporal spacing of 30 mu s. The plasma is probed from zero density to ne=6.64×1019 m-3at the
low field side with combined Oand Xmodes, and from ne=0.318×1019to ne=6.64×1019 m-3at the high field side
using Omode. Here we analyze the performance of the diagnostic for profile measurements taking into account
its design options and the experimental results obtained in a wide range of plasma regimes. We address several
questions, in particular the measuring range of the antennas and the range of density gradients. It is shown that
it is possible to obtain a detailed evolution of the density profile and density gradient even in the presence of
turbulence, providing that sufficient data can be extracted from the plasma. The radial movements of the plasma
can be measured with great accuracy, which is especially important for the use of reflectometry for plasma
position control, as is proposed for the International Thermonuclear Experimental Reactor. The experimental
results demonstrate that the frequency modulation of a continuous wave reflectometry system on ASDEX
Upgrade can provide reliable and accurate density profile measurements at both sides of the plasma with
automatic analysis. copyright 2001 American Institute of Physics. [J323]

"Dual mode (ordinary-extraordinary) correlation reflectometry for magnetic field and turbulence
measurements (invited)"
Dual mode [ordinary-extraordinary (O-X)]correlation reflectometry has the potential advantage of being able to
determine magnetic field strength, |B_|,simultaneously with correlation properties of turbulence (e.g., radial
correlation length, coherency, power spectra, etc.). Controlled dual mode correlation reflectometry experiments,
conducted in the Large Plasma Device at UCLA, are presented. The purpose of these experiments was (1) to
demonstrate the proof of principle of |B_|measurement, and (2) to make detailed comparisons between dual
mode and single mode (O-O,X-X)reflectometer, and Langmuir probe radial correlation measurements. It is
shown that, in these experiments, |B_|can be determined from O-Xcorrelation measurements, interpreted via a
one-dimensional numerical model. In addition, good agreement is found between correlation lengths (within
10%-15%), coherency, and power spectra measured by O-X,O-O,and X-Xreflectometry, and a Langmuir probe
array. copyright 2001 American Institute of Physics. [J324]

"Assessment of density profile automatic evaluation from broadband reflectometry data"
Automatic evaluation of electron density profiles from frequency modulated continuous wave (FM-CW)
broadband microwave reflectometry on ASDEX Upgrade has been achieved in all plasma regimes combining a
high performance system and advanced analysis tools. The results presented demonstrate the capability of the
system to resolve the abrupt gradient changes occurring in the edge region during the L-H transition and in the
presence of edge localized modes (ELMs). The temporal evolution of the density gradient could be obtained
extending from the ohmic and L phases to the ELMy H phase. A new data analysis method that uses sets of
consecutive sweeps to extract the group delay is also presented and its use versus single sweep analysis is
discussed. It is shown that local perturbations may appear and disappear during the sweep time reinforcing the
need to obtain redundant data in very short time intervals and apply rejection/averaging techniques. copyright
2001 American Institute of Physics. [J325]

"Simulation of reflectometry density changes using a 2D full-wave code"
Broadband reflectometry is used to obtain density profiles in fusion plasmas using waves reflected at different
plasma layers. The reflected signal can be severely affected by plasma fluctuations and/or fast density changes.
In order to understand the plasma response, a finite difference time domain two-dimensional full wave code was
developed. The code was used to study typical situations of fusion plasmas where important profile movements
occur: when a rotating magnetic island is present and during an ELM. The numerical results are in good
agreement with experimental results obtained in ASDEX and ASDEX Upgrade in the situations above. Our study
demonstrates that contributions from the plasma movements are important and should be taken into account to
obtain accurate profile measurements. copyright 2001 American Institute of Physics. [J326]

"Measurement of cross-polarization scattering using ultrashort pulse microwaves"
A numerical simulation of cross-polarization scattering (CPS) was performed by using frequency dependent finite
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difference time domain [(FD)2TD]method. In the CPS process, an incident ordinary (extraordinary) wave is
converted to an extraordinary (ordinary) wave by magnetic fluctuations in a plasma. It is confirmed in the
simulation that an incident wave propagates in an anisotropic dispersive media properly. The relation between
scattered electric field and magnetic fluctuations is also obtained. copyright 2001 American Institute of Physics.
[J327]

"Collective microwave scattering diagnostic on the H-1 heliac"
A multichannel microwave scattering diagnostic has been developed and installed on the H-1 heliac. The
purpose of the new diagnostic is to study small-scale plasma fluctuations in H-1, which are believed to be
responsible for the loss of particles and energy from the plasma. The diagnostic is a 132 GHz, four-channel
superheterodyne system. The transmitter and receiver antennas (consisting of horns and focusing bispherical
mirrors) are located inside the vacuum vessel of H-1. A radial resolution of Delta r/a 0.2is achieved. The
scattering volume is positioned in the density gradient region at r/a 0.6.At present, the system is aligned to
measure fluctuations in the poloidal wave number range from approximately 10 to 25 cm-1. The use of the
heterodyne detection system allows the fluctuation propagation direction to be determined. The low frequency
bandwidth of the system is 1 MHz. The instrument sensitivity is about Ps/Pi 10-6.copyright 2001 American
Institute of Physics. [J328]

"Millimeter-wave imaging array development for microwave reflectometry and ECE imaging"
Millimeter-wave imaging arrays employing slot bow-tie (SBT) antenna elements and GaAs Schottky diodes have
previously been previously successfully developed and utilized in electron cyclotron emission imaging systems,
which have proven to be an important new plasma diagnostic technique for measuring plasma electron
temperature profiles and fluctuations. More recently, there has been interest in applying similar arrays for
reflectrometric imaging. Here, the design of SBT antennas for proof-of-principle millimeter-wave imaging
reflectometry receiver arrays for use on Torus Experiment for Technology Oriented Research is presented.
These low-cost, 14-channel Schottky mixer diode arrays, designed at 85 GHz, have been developed for
measuring plasma electron density fluctuation profiles, which are expected to solve the long standing issue of
ambiguity in the interpretation of reflectometric data. The final layout of the array is shown, together with details
and experimental results of single SBT antennas. copyright 2001 American Institute of Physics. [J329]

"Three-dimensional fluctuation imaging diagnostic for TEXTOR (abstract)"
After more than 4 decades of fusion research, plasma transport in tokamaks remains an outstanding issue. The
standard hypothesis, that the observed anomalous transport is caused by small scale turbulence, is consistent
with experimental observations, but it is neither based on a self-consistent theory of plasma turbulence nor on
an exhaustive set of turbulence measurements. One of the major obstacles to the development of a satisfactory
anomalous transport theory is the inability of standard fluctuation diagnostics to provide the full spectrum of
turbulent fluctuations. The result is a nearly complete reliance on numerical simulations. Unfortunately, in spite of
the enormous capabilities of today's computers, this is extremely unsatisfactory since any theory or simulation of
plasma turbulence can only be driven by direct experimental observations. The first step in achieving such data
was the highly successful UC Davis Electron Cyclotron Emission (ECE) Imaging system, which was first
developed for use on the TEXT-U tokamak and later modified for use on the Rijnhuizen Tokamak Project
tokamak.1Here, correlation techniques are applied to spatially resolved second harmonic ECE signals to provide
detailed information about the microturbulence associated with Tefluctuations. The present work extends this
work by developing a similar technique for spatially resolved nefluctuations via microwave imaging reflectometry.
The result is a diagnostic capable of the simultaneous measurement of both Teand nefluctuations (both turbulent
and coherent) and profiles on toroidal devices such as tokamaks and stellarators. A 16 channel ECE imaging
system has recently been installed on the Torus Experiment for Technology Oriented Research (TEXTOR)
tokamak. A prototype millimeter wave imaging reflectometry system will be installed on TEXTOR in July-2000,
which will operate in Vband (50-75 GHz) and reflect from the X-mode cutoff. Data collected with this system will
be utilized in the design of the full three- dimensional (3D) imaging system, which is scheduled for installation on
TEXTOR in April 2001. System details and laboratory characterization results of the prototype reflectometric
imaging system will be presented, along with a preliminary design for the full 3D system. copyright 2001
American Institute of Physics. [J330]

"The ten-channel pulsed radar reflectometer at the TEXTOR-94 tokamak"
A new ten-channel pulsed radar reflectometer has been taken into operation at the Torus Experiment for
Technology Oriented Research-94. The system will be used simultaneously as a density profile and as a density
fluctuation diagnostic. Ten density layers from 0.4×1019to 4×1019 m-3can be probed simultaneously at 2 MHz.
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The design of the diagnostic has undergone some changes, to improve reliability of the system. Examples of
time delay measurements are shown. These examples illustrate the fluctuation capabilities of the diagnostic at
high time resolution, as well as the response of the different channels to density profile changes. copyright 2001
American Institute of Physics. [J331]

"Ultrashort pulse reflectometry for electron density profile measurements on SSPX"
A broadband ultrashort pulse reflectometry (USPR) diagnostic has been developed for measuring electron
density profiles of the sustained spheromak physics experiment (SSPX) device. In USPR, an extremely short
pulse or chirped wave form is propagated which contains a broad range of frequency components spanning the
desired plasma density profile (or a significant fraction thereof). Upon reflection, each frequency component in
the incident waveform reflects from a different spatial location (density layer) in the plasma, thus spreading out
the reflected wave packet in time. By simultaneously collecting double-pass time delay data at many distinct
frequencies, the time delay data may then be inverted to generate plasma density profiles using a single source
and a single set of measurements. On SSPX, wideband mixers are utilized to up- and downconvert 6-18 GHz
chirp signals to millimeter-wave frequencies (33-158 GHz) to form a 48 channel O-mode reflectometer system.
In this article we describe details of the new USPR system installed on the SSPX device and provide preliminary
time-of-flight results. copyright 2001 American Institute of Physics. [J332]

"Millimeter-wave reflectometry for electron density profile and fluctuation measurements on NSTX"
A millimeter-wave reflectometry system for electron density profile and fluctuation measurements is being
developed and installed on the National Spherical Torus Experiment. The initial frequency coverage will be in the
bands 12-18, 20-32, and 33-50 GHz, provided by frequency-tunable solid-state sources. These frequencies
correspond to O-mode cutoff densities ranging from 1.8×1012to 3.1×1013 cm-3,which will span both the plasma
core (rho =r/a 0.8)and edge (rho 0.8)regions. Operated as a broadband swept-frequency (frequency-
modulated continuous-wave) reflectometer, the diagnostic is expected to provide routine (shot-to-shot) time- (≤50
mu s) and spatially resolved ( 1 cm) density profiles. The previous hardware can be easily reconfigured as a
fixed-frequency reflectometer for density fluctuation measurements. The combination of measurements would be
valuable for studying phenomena such as possible L- to H-mode transitions and edge-localized modes. copyright
2001 American Institute of Physics. [J333]

"Two-dimensional full-wave simulation of microwave reflectometry on Alcator C-Mod"
A new two-dimensional full-wave code has been developed to simulate ordinary (O) mode reflectometry signals
caused by plasma density fluctuations. The code uses the finite-difference time-domain method with a perfectly
matched layer absorption boundary to solve Maxwell's equations. Huygens wave sources are incorporated to
generate Gaussian beams. The code has been used to simulate the reflectometer measurement of the
quasicoherent mode (60-250 kHz) associated with enhanced Dalpha (EDA) H modes in the Alcator C-Mod
tokamak. It is found that an analysis of the realistic experimental layout is essential for the quantitative
interpretation of the mode amplitude. copyright 2001 American Institute of Physics. [J334]
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