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Abstract

Schematic of Imaging Syst

We have a Fermi newly i in X
band for use in a multichannel reflectometer.

The advantages of the Fermi antenna are that it can be
adopted as an array antenna owing to its planer shape and
fabricated with a low cost due to its compactness and a light-
weighted structure. The radiation-beam widths in the E- and
H-plane are almost equal to each other and the side-lobe
levels are low.

Plasma behaviors in the HITOP device are measured by
reflectometry using two Fermi antenna receivers. Time

Receiver (TSA Array)

Beam splitter

Dielectric lens

Required characts

ics of the receiver

An axially symmetric E-plane and H-
plane pattern to achieve the optimum
coupling with a dielectric lens.

)

Arrangement of a large number of
antennas in a limited area to obtain a

Reference beam high resolution of imaging.

of Tapered Siot Antenna (TSA)

H Characteristics of TSA

Tapered  slot line
E 4_¢_. "
/ -Small size

*Simple structure

Microstrip-fed +Easy to make

coupling section -Easy to be arrayed
Dielectric substrate *Low cost
*Broad bandwidth

-High Gain

Copper foil

i 3 evolution of the cutoff layer and plasma rotation velocity 1. The reflected beam and the reference beam are superimposed +Low crosstalk
Sendai 980-8579, Japan e s measured by the refl are in good agi with an coaxially by a beam splitter using quasi-optical system, and are ~nk Microstrip line
*hattori@ecei.tohoku.ac.jp e ic probe focused on a TSA array.
TOHOKU 2. The phase shiftis detected using a heterodyne method. (Lincarly type tapered slot antonna: LTSA)
D« i d rmi i D i d = = = = =
Fermi g corrTy € Electromagnetic Coupling Section of TSA (1) Elect gnetic C g Section of TSA (2)
with corrugated structure po—— -
N N The impedance matching condition is calculated by an equivalent circuit model. I
Front side Back side l Ci i of Fermi ] 1.; Effective wavelength of Siotfine Am/d (@49
32 istics o Microstrip-fed transition's R, Y.H.Choung and W.C Wong, Microwave J., 37,377-89(194). 2 o Ettctvewassanath ot orosp ne m, o
1.Shape of the tapered section coupling seclon Equivalent circuit model § m 048
— Stoline above subsirale . Microstrip e
b)
S=—t @) ( Coupling point Mirostrip ine S
. _ s i +E-plane below substrate 3
1+ explb(x +)) As d s shorter than 4/2, beam width 3 T Tl 37 H-plane | Aml4 Z 0
=3 Where x is a variable and a, b, and ¢ are constants. and side lobe level increases. 3 s 2
- g £ 0 1 £60 g Dimension drawing of microstrip-fed transition
g imensons o desnedremipniama = [, | £ WEotw £, oot s
Jower side lobe meos e o I 150 era s -
N Antenna length; @ @ = . " iofed ; .
@ 2. With corrugated structure around the edge. o o 2 =2z - — = fw" designed microstrip-fed's coupling section
4,03 42 = 100mm (at 12GHz) 8 40 B 40l Zm=n?Zs  Matching conditions £ from these calculation result.
- W, : Width of slot line = .
§ Lt 2 = ~Center frequency f, : 12GHz
) Improved beam pattern C—“—“’”“ ated structure; 02 00010203 W, Width of microstrp line where H r nevto: 126
mm(0.041) Corrugation Width (CW/ 10) Corrugation Length (CL/ 1) 2 st ongth n=cos(27ut/A0) - cot(q)sin(2 rut/ A g) 4 +Coupling 5::"01: with circular stub has a
[115.Sugawars, ot s, IEEE MIT-S Intornatonal Microwave. Symposium ol =3.25mm(0.134) e a— q=2mut/A0+tan1(u/v) broadband frequency characteristic,experimentally.
2814 1 mmg p.950.062, Denver, USA, 1997. ‘The measured 10dB beam width as a function of (a) corrugation width 4, : Microstrip line wavelength 18 e
195 svpus, o ST it G CW(CL=0.2 4 0,d= nun;.nn (b)corrugation length CL(CW=0.0410,d=0.510). - ﬁ P
Substrate thickness; 12 Unit; mm s, o 535536, o, Heroveve Sympostem Ret. usfer- Cof L v=/lay We, W [
M VSWR(Volitag Wave Ratlo) of TSA Measured Radiation Patterns of TSA Micr Reflect: Syst HITOP Plasma

(100mW,8-16GHz) Transmiter antenna
)

Multichannel Electric Probe

Top view typical discharge

Measured VSWR of TSA Drectonslcowpler gy Pwamidal o Maaic !
By optimizing the strip-line L1sa o antena it o 7 e e — RIKK NG K\RI R X ®IX H
f dimensions, the bandwidth 0 0 fremmianienpa g comygated strucqure —1 L\ ~ ] o =
ol of 8- 18GHz with VSWR < 2 12GHz footer ) “",":,‘,T;‘f& 9 Deston :
is obtained. i Attonuator v Arciet e - 04
Y T, Tuning voltage N lm Saturation current measured
g 5 [ . cid xm/ HRRE ¥ B 2 e St e,
3] k=3 i
i " wements X Vacim B e P
Z 4 5 o Laliifi 1 R vave e !
O -20 3 »
N M A N g3/ RYS Calculation of the phase difference y& = & Tt
R A AT A b SR Direcional using a quadrature IF mixer o Dreston = K e
L AAY A A v o 9 HITOP(HIgh density TOhoku Plasma) device .
4 6 8 10 12 14 16 18 a0 Ik |/ | Ve sin(ot) + Voe sin(ot + ) Radial densityprofile "~ (="
Frequency(GHz) 90 60 -30 30 60 90 <V, oV sing att= ec
Angle (deg.) HITOP plasma parameters 5
iane | Hpiane | Brec e Digral oo o pr—
bl il ivited This radiation pattern is an axially o Electron donsly [ w~oremy ] e
Woew | WPEW | evopie symmetric E-plane and H-plane. o5 ¢ Elocronwmpostus | 1~10 @0 | o
rsa w [ | nam Compared with LTSA, directivity of the Ton temporature [ eww ] T
Fermi antenna with 32 ar 15dBi Fermi antenna is improved about 2dB. 0 0 o . 0w w
Fermi antenna (X-band) comugated srucuro and side lobe level is lower. -
of El Probe and Plasma of El Probe and Summary
M Timo ovohtion of donety y Cross sectonalview
Time evolution of cutoff layer measured Direstionsl lastrostatic probo uctuation using a reflectometer N = ot
by a electrostatic probe array 2 J N\ — z & & > e 1. We designed a Fermi antenna with corrugated structure for X-band, and
Racaiver y aoctro sti it
o - Cutoff Layer at 12GHz A good agreement is obtained between Jomp | E o5 o // domlity seetr measured fundamental characteristics of the TSA, VSWR and radiation pattern.
the reflectometer and the electrostatic § = -The impedance matching condition is calculated by an equivalent circuit model.
Pprobe measurements. 5 }h . - 'Eo the strip-line dit of 8- 18GHz with VSWR<2
. : j o e by mamed
2 F— o 15 §05 Window sz, | *The HPBW is 32 degree in the E-plane and 37 degree in the H-plane, respectively.
= 113 Eloctrostatic Pr ) JW i T i, = The Directivity of Fermi antenna with corrugated structure is 2dB better than the
2 Lo tny 2 us LTSA.
3 o ) m, a -
e i 3 I\’q\‘\; 0.95 1 105 11 Rotational period 2. We have measured a HITOP plasma by using the reflectometer with two Fermi
H £ 20 $ohd Radial density profile 4 Estimated Rotational velosity Time (ms) e e ared
x x e | ’ Rotatonal velocity
 F = R vt posiion e ks rfecing postions o tasma. Thors P “Time evoluion of cutof ayer measured by the dlectrostatc robe artay and the
¢ 3 Z appears o "ime dlay i o refocometer is in goo velocity of the plasma is
5 2w 2 —> lgnals measured by the two recelvers. The estimated from a time delay of the cutoff layer displacement measured by the
- 04 06 08 1.0 12 14 16 il = < """ delay of 8 ms comesponds to the two antenna receivers The obtained rotation velocity agrees well with that
3 : 1 d rotational velocity of 2.2kms at the cutoff 2
2 e (msec.) ! surface. Th rotational velocity moasured by 2.6kmis (r = 12.5cm); obtained by a Mach probe.
750100 50 0 50 100 150 125 5 reflectometer and directional probe agrees
(] 5 10 125cms5 o Estimated velocity with directional probe
Y-axis (mm) lom] 0 7 well with each other.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice







LTSA

Fermi antenna with corrugated structure

  This radiation pattern is an axially symmetric E-plane and H-plane.               Compared with LTSA,  directivity of the Fermi antenna is improved about 2dB. and side lobe level is lower.

Measured Radiation Patterns of TSA

12GHz

12GHz

HITOP(HIgh density TOhoku Plasma) device

HITOP Plasma

Time evolution of typical discharge

Radial density profile at t = 1.0msec

HITOP plasma parameters

Top view

Cutoff frequency

Spectrometer

		E-plane		H-plane		Directivity
(dB above isotropic)

		HPBW		HPBW

		LTSA		35°		55°		13ｄBi

		Fermi antenna with corrugated structure		32°		37°		15ｄBi



		Electron density		  1012～1015  (cm-3)

		Electron temperature		1 ～10   (eV)

		Ion temperature		10～60   (eV)



     We have evaluated a Fermi antenna newly designed in X band for use in a multichannel reflectometer. 

     The advantages of the Fermi antenna are that it can be adopted as an array antenna owing to its planer shape and fabricated with a low cost due to its compactness and a light-weighted structure. The radiation-beam widths in the E- and H-plane are almost equal to each other and the side-lobe levels are low. 

     Plasma behaviors in the HITOP device are measured by reflectometry using two Fermi antenna receivers. Time evolution of the cutoff layer and plasma rotation velocity measured by the reflectometer are in good agreement with an electrostatic probe measurement.
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		The reflected beam and the reference beam are superimposed coaxially by a beam splitter using quasi-optical system, and are focused on a TSA array.

		The phase shift is detected using a heterodyne method.



Schematic of Imaging System





Required characteristics of the receiver

		An axially symmetric E-plane and H-plane pattern to achieve the optimum coupling with a dielectric lens.

		Arrangement of a large number of antennas in a limited area to obtain a high resolution of imaging.



Beam splitter

Receiver (TSA Array)

Reference beam

Reflected beam

Dielectric lens

Dielectric lens







E

H



Tapered　slot line



~nl





Microstrip-fed transition’s coupling section



Dielectric substrate





Copper foil



Microstrip line



~nl

Schematic of Tapered Slot Antenna (TSA)

・Small size

・Simple structure

・Easy to make

・Easy to be arrayed

・Low cost

・Broad bandwidth

・High Gain

・Low crosstalk

Characteristics of TSA



(Linearly type tapered slot antenna: LTSA)







Fermi-Dirac　function

Characteristics of Fermi antenna
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Designed Fermi antenna

 with corrugated structure

Where x is a variable and a, b, and c are constants



Unit; mm

2．With corrugated structure  around the edge. 



lower side lobe



Improved beam pattern

1.Shape of the tapered section 　

Substrate thickness; 1.2

 Dielectric constant  ; 3.3

Front side    　　　 Back side



Designed corrugated  structure



Antenna length; 

    4λ = 100mm (at 12GHz)

Corrugated structure;

    CW=1mm(0.04λ)

    CL=3.25mm(0.13λ)

As d is shorter than λ/2, beam width and side lobe level increases. 





Dimensions of designed Fermi Antenna



The measured 10dB beam width as a function of (a) corrugation width CW(CL=0.2λ0,d=0.5λ0)and (b)corrugation length CL(CW=0.04λ0,d=0.5λ0).

(Ref.,S.Sugawara, et al., IEEE MTT-S International Microwave Symposium Digest, pp.533-536, Baltimore, USA,1998.)



Electromagnetic Coupling Section of TSA (1)

The impedance matching condition is calculated by an equivalent circuit model.   

Microstrip-fed transition’s coupling section 

Ws  : Width of slot line

Wm : Width of microstrip line



Equivalent circuit model

λs   : Slotline wavelength

λm  : Microstrip line wavelength

Ref. Y.H.Choung and W.C.Wong, Microwave J., 37,3,77-89(1994).

Matching conditions









Slot line

Microstrip line

















0.48

0.48

(4.49)

(5.17)

Electromagnetic Coupling Section of TSA (2)

Dimension drawing of microstrip-fed transition (unit : mm)



 We designed microstrip-fed’s coupling section from these calculation result.

・Center frequency f0 : 12GHz

・Coupling section with circular stub has a broadband frequency characteristic,experimentally.

λs ; Effective wavelength  of Slot line

λm ;Effective wavelength of Microstrip line







Measured VSWR(Voltage Standing Wave Ratio) of TSA

Measured VSWR of TSA

By optimizing the strip-line dimensions, the bandwidth of 8 – 18GHz with VSWR < 2 is obtained.



Fermi antenna (X-band)





E plane

E plane cross-pol.

H plane

H plane cross.pol.

































Microwave Reflectometer System





Calculation of the phase difference using a quadrature IF mixer



















Comparison of Electrostatic Probe and Reflectometer



Time evolution of cutoff layer measured by a electrostatic probe array 

A good agreement is obtained between the reflectometer and the electrostatic probe measurements.





















































































































































































































































0

1

2

3

4

5

6

7

0

5

10

15

x[cm]











12.5cm











































Plasma rotation measurement with directional Probe

Cutoff density (12GHz)



Cutoff　position

Estimated Rotational velocity



Radial density profile



Comparison of Electrostatic Probe and Reflectometer

Time evolution of density fluctuation using a reflectometer

Rotational period

Rotational velocity

Vq = 2.2km/s







Window size; 

 120mm diameter

2.6km/s (r = 12.5cm); 

Estimated velocity with directional probe



Transmitter





Receiver

Cross sectional view



Movable

 Directional 

electrostatic probe

The two TSA receivers face to different reflecting positions in the plasma.  There appears a time delay in the reflectometer signals measured by the two receivers.  The time delay of 8 ms corresponds to the rotational velocity of 2.2km/s at the cutoff surface.  The rotational velocity measured by reflectometer and directional probe agrees well with each other.



Summary

		We designed a　Fermi antenna with corrugated structure for X-band,　and  measured fundamental characteristics of the TSA, VSWR and radiation pattern.



　   ・The impedance matching condition is calculated by an equivalent circuit model.   By optimizing the strip-line dimensions, the bandwidth of 8- 18GHz with VSWR<2 is obtained.

　   ・The HPBW is 32 degree in the E-plane and 37 degree in the H-plane, respectively.  The Directivity of Fermi antenna with corrugated structure is 2dB better than the LTSA. 

2.    We have measured a HITOP plasma by using the reflectometer with two Fermi antenna receicers. 

      ・Time evolution of cutoff layer measured by the electrostatic probe array and the reflectometer is in good agreements. Rotational velocity of the plasma is estimated from a time delay of the cutoff layer displacement measured by the two antenna receivers The obtained rotation velocity agrees well with that obtained by a Mach probe.
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