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VLBI，電波天文など広帯域受信システムを必要とする他のプロジェクトへの応用も可能である． 
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Abstract  Wideband feeds for Kashima 34m antenna was developed and their beam patterns were measured at METLAB.          
VGOS and SKA needs wideband feeds for their receiver systems. Thus these feed will be arranged for these projects. 
Keyword  VGOS，VLBI2010，SKA，Radio Astronomy !

1.鹿島における広帯域フィードの開発!
現在，測地VLBIでは従来のS/X帯(2GHz/8GHz)による観測

から2-14GHzへ大幅に受信帯域を広げたVGOS/VLBI2010への
移行が始まっていて，各国でVGOS仕様のアンテナの建設が
進められている．電波天文においても1平方kmの大集光力を
目指すSKAの建設地が決まり計画が具体化してきた．SKAで
は1-10GHzが受信可能な広帯域フィードが望まれている．ま
た，NICTの鹿島ではVLBIによる時刻比較実験のために広帯
域フロントエンドの開発を進めており，アンテナ周辺のRFI
環境と周波数配列の０冗長性，フィードの実現可能性を考慮
して実験目的に特化した仕様を策定し，Gala-Vと名付けて技

術開発を進めている．これに対応した鹿島34mアンテナ用フ
ィードはイグアナフィードと名付けられ、現在制作が進めら
れている．受信帯域が広いために入れ子構造とした(図1)．低
域側と広域側で出力ポートも分かれLNAも独立しているが，
これらはLNAで増幅後に合成されて観測室まで伝送される．!
開発初期の周波数帯域に比べ現在の周波数帯域は大幅に拡

張されている(表1)が，これはシミュレーション用計算機の性
能向上により帯域拡張の目処がたったためである．測地
VLBIで使われているS/X帯だけでなく，メタノール・メーザ
の6.7GHz/12.2GHz帯の同時観測も可能となり，電波天文用と
しても成果もおおいに期待される．!
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図１．イグアナフィードのCOMSOLでの３次元モデル!

表１．イグアナフィードの受信周波数!!
2.試作フィードの設計!
開発中のイグアナフィードは同軸の入れ子構造であり，外

側のフィードは母フィード，中のフィードは娘フィードと呼
ばれている．娘フィードは肉厚を薄くでき，コルゲートホー
ンに比べて簡素な構造で低交差偏波で軸対称性の良いビーム
が実現できる多モードホーンとした。これまで開発してきた
ASTOR-G/VSOP-2，VERA，上海天文台用の多モードホーン
は6.7/8GHz帯に対応していたが，これらの設計をもとに帯域
を拡張した。しかし，これまでよりも格段に帯域が広がった
ためビームの軸対称性や交差偏波特性は犠牲になっている．!
図2に測定中の試作娘フィード，図3にCHAMPで計算した

ビームパターンのシミュレーションの結果の一部を示す．!

図2．METLABで測定中の試作娘フィード!
図3．上からVer.1:10.4GHz,13.6GHz,Ver2:10.4GHz,13.6GHz!

母フィード
 

娘フィード

初期仕様 3.2-6.4GHz 9.6-11.2,12.8-14.4GHz

現状仕様 2.2-6.4GHz 6.4-16GHz(WRD580)
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今年度は開口径の違う２本の試作娘フィード(Ver1,2)の性

能評価を行った．Ver1の開口径は132mm，Ver2は120mmとし
開口径を若干小さくしてビームを太めにした．周波数が高く
なるほど鏡面精度の誤差による開口能率の低下があるが，フ
ィードのビーム形状を高域側で最適化して能率低下を補償す
ることを狙った．ビーム幅は34mアンテナにかつて搭載され
ていたC-Band:5GHz,10GHz用コルゲートホーンのビームパタ
ーンを参考にして決定した．!!
3.試作フィードの測定結果!
直線2偏波受信が最終的なフィードの仕様だが34mアンテ

ナから観測庁舎までの広帯域RF信号伝送系は現在1偏波分し
かない。もう1偏波分の伝送系が整備されるまでは片偏波の
みで観測するので，直線片偏波用の導波管変換器を制作して
ビーム形状の測定を行った．測定結果を図4に示す．!

!
図4．左列はVer.1:10.4GHz,13.6GHz,!
　　　右列はVer2:10.4GHz,13.6GHz!!
導波管変換器は6.7GHzに対応するものを作成し，測定に

使用したが，どちらのフィードも高域側でビームのピークに
変形が見られる．遮断周波数を8GHzとした変換器と組み合
わせた場合の測定結果を次項の図5に示すが、こちらでは変
形が見られない．よって図 4 に見られるビームの変形は
6.7GHz用変換器内での意図せぬ高次モードに起因すると考え
られ、将来的には設計の改良が必要である．現時点では
Gala-Vでもメタノールメーザ観測でも支障はないので，当面
は変換器の交換で対処することにする．!!!!-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

-60 -40 -20 0 20 40 60

Far-field amplitude of k34mmh.v1.f=13.6.NSI

A
m

pl
itu

de
 (d

B
)

Azimuth (deg)

Hcut Vcut

Far-field amplitude, Eprincipal: Linear, Tau = 90.000  deg
Gain = None  Max far-field (global) = -85.36961  dB, Max far-field
(plot) = -85.38924  dB
Normalization: Peak (Global), Network offset = 0.000  dB
Hpeak at: 0.13458  deg, Vpeak at: 0.08772  deg
Plot centering: On
Directivity = 24.803  dB

STANDARD GAIN HORN - PLANAR

NSI2000 V4.6.3, Filename:C:\NSI2000\Data\NICT_Kashima\k34m.mmh.1402
21\k34mmh.v1.f=13.6.NSI
Measurement date/time: 2/21/2014 1:37:46 PM, Filetype: NSI-97
Far-field Cut Analysis: 
   Avg value: -16.123 dB
   -3. dB beam width: 10.88 deg
   -6. dB beam width: 16.31 deg
   -10. dB beam width: 21.27 deg
   Left Sidelobe: -29.61 dB at -28.643  deg
   Right Sidelobe: -31.38 dB at 28.040  deg
Far-field display setup
   Azimuth (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Elevation (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Plot rotation= 0.000  deg
   Interpolation: Cubic
   Coordinate system: Az/El; Polarization: L2 Az/El
Far-field transform setup
   FFT size:  512,  512
   X/Y/Z shift= 0.000  m, 0.000  m, 0.000  m
   Filter Mode: Max FF, Zoom: Off
   Probe setup: As-acquired 
   Probe model: OEWG WR90: 8.2-12.4 GHz
Selected beam(s) 1 of 1
Beam    Y axis  X axis  Pol axis  Frequency
----    ------  ------  --------  ---------
1       Y axis  X axis  Dual-pol  13.6000000  GHz

Near-field setup:
Data - Preprocessed
   Truncation: Off
   Amplitude tapering: Off
   Network correction: Off
   Probe/AUT Z-axis: On,K-correction: Off
   MTIgain: Off, MTIphase: Off

Near-field display setup:
   X (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 104    
   Y (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 104    
Measured data:
   X (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 104    
     Start= -0.54221  m, Stop = 0.54221  m, Delta = 0.01053  m
   Y (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 104    
     Start= -0.54221  m, Stop = 0.54221  m, Delta = 0.01053  m
   Aut Width/Height: 0.132  m, 0.132  m
   H/V Max Far-field angles: 50.000  deg, 50.000  deg
   Probe-to-AUT spacing: 0.390  m

Measurement type: NF Planar XY
Scan options: CV Off, CP On, Bi-dir On, V-scan 
Beamset smear: 0.00556  m
Scan plane compensation: Off

Probe setup as acquired: 
   Probe model: OEWG WR90: 8.2-12.4 GHz
   Probe-1: Lin-90(Ey), Probe-2:Lin-0(Ex)

RF system:
Integration time: 14.000 mSec
Scan speed: 0.250  m/sec
Drift during scan (final - initial)
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Far-field amplitude of k34mmh.v1.f=10.4.NSI
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Far-field amplitude, Eprincipal: Linear, Tau = 90.000  deg
Gain = None  Max far-field (global) = -80.80935  dB, Max far-field
(plot) = -80.81319  dB
Normalization: Peak (Global), Network offset = 0.000  dB
Hpeak at: 1.31611  deg, Vpeak at: 0.07144  deg
Plot centering: On
Directivity = 22.038  dB

STANDARD GAIN HORN - PLANAR

NSI2000 V4.6.3, Filename:C:\NSI2000\Data\NICT_Kashima\k34m.mmh.1402
21\k34mmh.v1.f=10.4.NSI
Measurement date/time: 2/21/2014 2:25:50 PM, Filetype: NSI-97
Far-field Cut Analysis: 
   Avg value: -13.651 dB
   -3. dB beam width: 15.73 deg
   -6. dB beam width: 22.28 deg
   -10. dB beam width: 28.40 deg
   Left Sidelobe: -31.78 dB at -37.688  deg
   Right Sidelobe: -33.58 dB at 37.085  deg
Far-field display setup
   Azimuth (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Elevation (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Plot rotation= 0.000  deg
   Interpolation: Cubic
   Coordinate system: Az/El; Polarization: L2 Az/El
Far-field transform setup
   FFT size:  512,  512
   X/Y/Z shift= 0.000  m, 0.000  m, 0.000  m
   Filter Mode: Max FF, Zoom: Off
   Probe setup: As-acquired 
   Probe model: OEWG WR90: 8.2-12.4 GHz
Selected beam(s) 1 of 1
Beam    Y axis  X axis  Pol axis  Frequency
----    ------  ------  --------  ---------
1       Y axis  X axis  Dual-pol  10.4000000  GHz

Near-field setup:
Data - Preprocessed
   Truncation: Off
   Amplitude tapering: Off
   Network correction: Off
   Probe/AUT Z-axis: On,K-correction: Off
   MTIgain: Off, MTIphase: Off

Near-field display setup:
   X (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 80    
   Y (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 80    
Measured data:
   X (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 80    
     Start= -0.54221  m, Stop = 0.54221  m, Delta = 0.01373  m
   Y (meters)
     Span = 1.08443  m, Center = 0.000  m, #pts = 80    
     Start= -0.54221  m, Stop = 0.54221  m, Delta = 0.01373  m
   Aut Width/Height: 0.132  m, 0.132  m
   H/V Max Far-field angles: 50.000  deg, 50.000  deg
   Probe-to-AUT spacing: 0.390  m

Measurement type: NF Planar XY
Scan options: CV Off, CP On, Bi-dir On, V-scan 
Beamset smear: 0.00556  m
Scan plane compensation: Off

Probe setup as acquired: 
   Probe model: OEWG WR90: 8.2-12.4 GHz
   Probe-1: Lin-90(Ey), Probe-2:Lin-0(Ex)

RF system:
Integration time: 14.000 mSec
Scan speed: 0.250  m/sec
Drift during scan (final - initial)
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Far-field amplitude of k34mmh.v2.f=10.4.NSI
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Far-field amplitude, Eprincipal: Linear, Tau = 90.000  deg
Gain = None  Max far-field (global) = -80.96627  dB, Max far-field
(plot) = -80.9869  dB
Normalization: Peak (Global), Network offset = 0.000  dB
Hpeak at: 0.24675  deg, Vpeak at: 0.06311  deg
Plot centering: On
Directivity = 21.647  dB

STANDARD GAIN HORN - PLANAR

NSI2000 V4.6.3, Filename:C:\NSI2000\Data\NICT_Kashima\k34m.mmh.1402
21\k34mmh.v2.f=10.4.NSI
Measurement date/time: 2/21/2014 7:15:04 PM, Filetype: NSI-97
Far-field Cut Analysis: 
   Avg value: -13.645 dB
   -3. dB beam width: 16.14 deg
   -6. dB beam width: 23.23 deg
   -10. dB beam width: 29.62 deg
   Left Sidelobe: -24.71 dB at -25.025  deg
   Right Sidelobe: -25.01 dB at 27.437  deg
Far-field display setup
   Azimuth (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Elevation (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Plot rotation= 0.000  deg
   Interpolation: Cubic
   Coordinate system: Az/El; Polarization: L2 Az/El
Far-field transform setup
   FFT size:  512,  512
   X/Y/Z shift= 0.000  m, 0.000  m, 0.000  m
   Filter Mode: Max FF, Zoom: Off
   Probe setup: As-acquired 
   Probe model: OEWG WR90: 8.2-12.4 GHz
Selected beam(s) 1 of 1
Beam    Y axis  X axis  Pol axis  Frequency
----    ------  ------  --------  ---------
1       Y axis  X axis  Dual-pol  10.4000000  GHz

Near-field setup:
Data - Preprocessed
   Truncation: Off
   Amplitude tapering: Off
   Network correction: Off
   Probe/AUT Z-axis: On,K-correction: Off
   MTIgain: Off, MTIphase: Off

Near-field display setup:
   X (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 80    
   Y (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 80    
Measured data:
   X (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 80    
     Start= -0.53621  m, Stop = 0.53621  m, Delta = 0.01358  m
   Y (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 80    
     Start= -0.53621  m, Stop = 0.53621  m, Delta = 0.01358  m
   Aut Width/Height: 0.120  m, 0.120  m
   H/V Max Far-field angles: 50.000  deg, 50.000  deg
   Probe-to-AUT spacing: 0.390  m

Measurement type: NF Planar XY
Scan options: CV Off, CP On, Bi-dir On, V-scan 
Beamset smear: 0.00556  m
Scan plane compensation: Off

Probe setup as acquired: 
   Probe model: OEWG WR90: 8.2-12.4 GHz
   Probe-1: Lin-90(Ey), Probe-2:Lin-0(Ex)

RF system:
Integration time: 14.000 mSec
Scan speed: 0.250  m/sec
Drift during scan (final - initial)
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Far-field amplitude, Eprincipal: Linear, Tau = 90.000  deg
Gain = None  Max far-field (global) = -85.28335  dB, Max far-field
(plot) = -85.28351  dB
Normalization: Peak (Global), Network offset = 0.000  dB
Hpeak at: -0.01487  deg, Vpeak at: 0.000  deg
Plot centering: On
Directivity = 24.740  dB

STANDARD GAIN HORN - PLANAR

NSI2000 V4.6.3, Filename:C:\NSI2000\Data\NICT_Kashima\k34m.mmh.1402
21\k34mmh.v2.f=13.6.NSI
Measurement date/time: 2/21/2014 6:26:31 PM, Filetype: NSI-97
Far-field Cut Analysis: 
   Avg value: -16.263 dB
   -3. dB beam width: 11.22 deg
   -6. dB beam width: 16.90 deg
   -10. dB beam width: 21.99 deg
   Left Sidelobe: -23.82 dB at -17.186  deg
   Right Sidelobe: -23.71 dB at 19.598  deg
Far-field display setup
   Azimuth (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Elevation (deg)
     Span = 120.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -60.000  deg, Stop = 60.000  deg, Delta = 0.600  deg
   Plot rotation= 0.000  deg
   Interpolation: Cubic
   Coordinate system: Az/El; Polarization: L2 Az/El
Far-field transform setup
   FFT size:  512,  512
   X/Y/Z shift= 0.000  m, 0.000  m, 0.000  m
   Filter Mode: Max FF, Zoom: Off
   Probe setup: As-acquired 
   Probe model: OEWG WR90: 8.2-12.4 GHz
Selected beam(s) 1 of 1
Beam    Y axis  X axis  Pol axis  Frequency
----    ------  ------  --------  ---------
1       Y axis  X axis  Dual-pol  13.6000000  GHz

Near-field setup:
Data - Preprocessed
   Truncation: Off
   Amplitude tapering: Off
   Network correction: Off
   Probe/AUT Z-axis: On,K-correction: Off
   MTIgain: Off, MTIphase: Off

Near-field display setup:
   X (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 102    
   Y (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 102    
Measured data:
   X (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 102    
     Start= -0.53621  m, Stop = 0.53621  m, Delta = 0.01062  m
   Y (meters)
     Span = 1.07243  m, Center = 0.000  m, #pts = 102    
     Start= -0.53621  m, Stop = 0.53621  m, Delta = 0.01062  m
   Aut Width/Height: 0.120  m, 0.120  m
   H/V Max Far-field angles: 50.000  deg, 50.000  deg
   Probe-to-AUT spacing: 0.390  m

Measurement type: NF Planar XY
Scan options: CV Off, CP On, Bi-dir On, V-scan 
Beamset smear: 0.00556  m
Scan plane compensation: Off

Probe setup as acquired: 
   Probe model: OEWG WR90: 8.2-12.4 GHz
   Probe-1: Lin-90(Ey), Probe-2:Lin-0(Ex)

RF system:
Integration time: 14.000 mSec
Scan speed: 0.250  m/sec
Drift during scan (final - initial)
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図5．遮断周波数8GHzの導波管変換器を使用したときの!
　　　Ver2フィードのビームパターン．周波数は13.6GHz!!

4.今後の予定!
試作娘フィードは2013年末に鹿島34mアンテナに搭載され

(図6)，試験観測を行い，メタノールメーザの6.7GHz/12GHz

同時受信に成功した．時刻比較実験，VGOS対応，及び，国
内V L B I網への参加など幅広い応用を目指して広帯域受信シ
ステムの開発を進めていきたい．!
フィードに関しては片偏波用の導波管変換器の帯域拡大と

ともに，両偏波対応のための偏波分離器を開発する予定であ
る．また，現状は娘フィードの同軸導波変換器にWRD580を
使用しているが，娘フィードは6.4GHz以下を通さないことに
したのでWRD650に交換するとともに変換器の構造を見直し
て，まずは高域側でシミュレーション通りのビーム形状が得
られるようにしたい．大型カセグレンアンテナの広帯域化は
世界初の頃恋である．鹿島の34mアンテナで十分な性能が確
認できれば，国内外を問わず他の大型カセグレンアンテナへ
の応用も期待される． !!
7.謝辞!
メタノール同時受信対応化においては国立天文台共同開発

経費 (代表 :藤沢健太 )のサポートを受け，性能測定には
METLABを利用しました．!
娘フィード，導波管変換器の制作はNICT試作室に依頼し

ました．!!!!!!!!!

!!
図6．鹿島34mアンテナに搭載された試作娘フィード(Ver1.)!!!
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Far-field amplitude of ghH.v2+wr90+wrd580.pVUaVDd160mm.f=8.0_16.0_0.8.NSI
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Hcut Vcut

Far-field amplitude, Eprincipal: Linear, Tau = 90.000  deg
Gain = None  Max far-field (global) = -86.17995  dB, Max far-field
(plot) = -86.18132  dB
Normalization: Peak (Global), Network offset = 0.000  dB
Hpeak at: -0.06513  deg, Vpeak at: 0.0819  deg
Plot centering: On
Directivity = 24.287  dB

STANDARD GAIN HORN - PLANAR

NSI2000 V4.6.3, Filename:C:\NSI2000\Data\NICT_Kashima\130906\gvH.v2
.pVaV\ghH.v2+wr90+wrd580.pVUaVDd160mm.f=8.0_16.0_0.8.NSI
Measurement date/time: 9/7/2013 1:24:29 PM, Filetype: NSI-97
Far-field Cut Analysis: 
   Avg value: -13.243 dB
   -3. dB beam width: 12.56 deg
   -6. dB beam width: 17.69 deg
   -10. dB beam width: 22.37 deg
   Left Sidelobe: -21.28 dB at -19.673  deg
   Right Sidelobe: -21.68 dB at 21.030  deg
Far-field display setup
   Azimuth (deg)
     Span = 90.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -45.000  deg, Stop = 45.000  deg, Delta = 0.450  deg
   Elevation (deg)
     Span = 90.000  deg, Center = 0.000  deg, #pts = 201    
     Start= -45.000  deg, Stop = 45.000  deg, Delta = 0.450  deg
   Plot rotation= 0.000  deg
   Interpolation: Cubic
   Coordinate system: Az/El; Polarization: L2 Az/El
Far-field transform setup
   FFT size:  512,  512
   X/Y/Z shift= 0.000  m, 0.000  m, 0.000  m
   Filter Mode: Max FF, Zoom: Off
   Probe setup: As-acquired 
   Probe model: OEWG WR90: 8.2-12.4 GHz
Selected beam(s) 1 of 11
Beam    Y axis  X axis  Pol axis    Frequency
----    ------  ------  --------    ---------
8       Y axis  X axis  Single-pol  13.6000000  GHz

Near-field setup:
Data - Preprocessed
   Truncation: Off
   Amplitude tapering: Off
   Network correction: Off
   Probe/AUT Z-axis: On,K-correction: Off
   MTIgain: Off, MTIphase: Off

Near-field display setup:
   X (meters)
     Span = 0.480  m, Center = 0.000  m, #pts = 61    
   Y (meters)
     Span = 0.480  m, Center = 0.000  m, #pts = 61    
Measured data:
   X (meters)
     Span = 0.480  m, Center = 0.000  m, #pts = 61    
     Start= -0.240  m, Stop = 0.240  m, Delta = 0.008  m
   Y (meters)
     Span = 0.480  m, Center = 0.000  m, #pts = 61    
     Start= -0.240  m, Stop = 0.240  m, Delta = 0.008  m
   Aut Width/Height: 0.120  m, 0.120  m
   H/V Max Far-field angles: 45.000  deg, 45.000  deg
   Probe-to-AUT spacing: 0.150  m

Measurement type: NF Planar XY
Scan options: CV Off, CP On, Bi-dir On, V-scan 
Beamset smear: 0.008  m
Scan plane compensation: Off

Probe setup as acquired: 
   Probe model: OEWG WR90: 8.2-12.4 GHz
   Probe-1: Lin-90(Ey), Probe-2:None

RF system:
Integration time: 14.000 mSec
Scan speed: 0.21467  m/sec
Drift during scan (final - initial)


