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プレゼンター
プレゼンテーションのノート
皆さんこんにちは、工学系12大学単位互換科目「磁気光学入門」最終回の講義です。

私は、東京農工大学副学長の佐藤勝昭です。
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プレゼンター
プレゼンテーションのノート
今回は、私どもの研究成果も交えながら「磁気光学効果の最近の展開」について話します。


) * v — ~ X —k\ L == -
l. ML T% ﬁm %\lﬁtuﬁ,

VIO-SNQOIV

RUR 3 Tl I
o WTIEIB TAMEE (SNOM)DEEE
o T IEIGH T L FIEMER(MOSNOM) D G ¥

o MOSNOMIZ KA T ECER T —F D EIEZ

SNOM-=scanning near-field optical microscope(GEiE15 . TEMER)



プレゼンター
プレゼンテーションのノート
まずはじめに近接場磁気光学顕微鏡について話しましょう。

近接場(NEAR FIELD)とは何か、近接場顕微鏡（SNOM)の歴史、近接場磁気光学顕微鏡(MOSNOM)の開発、MOSNOMを用いた磁気記録マークの観察について述べます。 
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プレゼンター
プレゼンテーションのノート
全反射光学系において、界面の外には伝搬しない光の場、すなわち、エバネセント場があります。ここに小さな散乱体を置くと、散乱された光は伝搬光となります。

全反射系でなくても、伝搬光の場の中に微小な散乱体を置くと、その付近には、伝搬しない光の場が現れます。この場の中にもう一つの散乱体を置くと、散乱光は伝搬光となります。
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プレゼンター
プレゼンテーションのノート
このような近接場を用いて，光の波長より小さな物体を観測する近接場顕微鏡のアイディアはかなり以前から提案されていましたが，技術的困難さのため長い間実現しませんでした．実用的なSNOMの原型となったのは，1984年のPohlらの論文でした．SNOMによる最初のイメージングは1985年になされ，20nmという高分解能が得られました．その後，細く引き伸ばされたマイクロピペットを用い，液体を満たすことによって空間分解能が向上し，実用レベルのSNOMが実現しました．最近では，マイクロピペットの代わりに細く引き伸ばして絞った光ファイバをプローブとして用いるのが主流となりました． 
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プレゼンター
プレゼンテーションのノート
SNOMには、集光モードと、照射モードがあります。

図は光ファイバーを用いたSNOMです。
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プレゼンター
プレゼンテーションのノート
集光モード、照射モードのSNOMの具体例を示します。
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プレゼンター
プレゼンテーションのノート
SNOMに磁気光学を適用して微小な磁気構造を観察する研究は1992年のBetzigらによる報告以来，盛んに行われるようになり，その後，数多くの研究が報告されるようになりました．

ファイバプローブを用いて高コントラストの磁気光学偏光像を得ることは非常に難しいです．なぜなら，一般にファイバを通る偏光は光弾性のため曲げによる応力や機械的な振動による複屈折を生じ偏光度が低下するからです． 
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プレゼンター
プレゼンテーションのノート
Kottlerらは光ファイバーで偏光が乱れることを考慮して、ファイバーは左右円偏光に対する強度のちがいの検出のみに用いています。
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e Structure SiN/Pt830,5\)/[Pt(8A)/Co(3/3\)]13 on glass
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Electric field vector of light

Intensity of light

Intensity of linearly polarized
light along x axis

Intensity of linearly polarized
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プレゼンター
プレゼンテーションのノート
This slid shows a picture of MO imaging system used in this work.  Conventional microscope was improved.  

Original optical scope is Olympus BH-UMA.  Cooled CCD camera was used to obtain high S/N ratio.

Polarizer and analyzer are glan tompson.  Achromatic wave plate Is used for wave plate.  

In order to select wave length, interference filters are used.

Built-in halogen lump is used as a light source.
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プレゼンター
プレゼンテーションのノート
This figure shows an optical setting for optical modulation technique.

There are polarizer and analyzer before and after the sample.  This is  similar to the crossed polarizer method, except making the angle of analizer into 45 degrees. The most important part in this technique is the quarter wave plate placed in front of the sample. 

If you rotate this wave plate, polarization state of the light can be changed.  When an optical axis phsi is 0º.  Incident light is still linear polarized light, while phsi is 45º and -45º, it becames right circular polarized light and left circular polarized light, respectively.  

Theoretically, output light is calculated by using matrix as shown here.  Each matrix corresponds to input light, polaraizer, wave plate, sample, and analyzer.

Then, the intensity of the light at the CCD camera is obtained like this.  

In this technique,MO images can be obtained by taking three images for I(0), I(45) and I(-45).
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In order to explain how to get MO images using those three images, I(phsi) is plotted as a function of angle of phsi.  Left side graph shows three cases when faraday rotation is +5,0 and -5degree, and ellipticity is 0.   In this case, I(0) changes with faraday rotation while I(45) and I(-45) do not change.  Therefore, you can get magnetic contrast if you take differences between I(0) and I(45).  On the other hand, when the faraday rotation is 0 and the ellipticity is not 0, I(0) does not change, while other part changes.  So you can get ellipticity signal can be obtained by taking differences of I(45) and I(-45).
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The most significant feature of this technique is an evaluation of MO effect and simultaneous measurement of rotation and ellipticity.  By using three image I(0), I(45), and I(-45), faraday rotation and ellipticity can be calculated by these equations simultaneously.  This figure shows an example of optical images and MO images ofa patterned garnet film. Three optical images of  I(0), I(45), and I(-45) look almost same images, but faraday rotation image and ellipticity image can be calculated from those optical images.
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Patternd Bi, Ga substituted garnet film was used in this work.  This sample was prepare by metal organic decomposition method.

Pattern size is 50micron and 50micron and thickness is 200nm. Usually it is difficult to measure mo images of this kind sample by conventional MO microscope, because transparency of glass and garnet is quite different.

A faraday rotation property the garnet films is shown here. 
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This slid shows faraday rotation images and ellipticity images for different remanent states.  Clear reversal of magnetic contrast was observed.  Left upper and right image were obtained from same optical images.  And this one and this one were obtained from another set of optical images.  This result indicates that magnetic contrast can be obtained even in the inhomogeneous sample having different transparency, and moreover rotation and ellipticity images can be obtained simultaneously.  
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Next, I would like to  show you qualitativeness of this measurement.  These graphs show cross section of faraday images of different remanent states measured at a wavelength of 500nm.   From this result, rotation angle was measured to be 0.5 degree.   
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By changing interference filter, wavelength dependence was measured.  Slid line is spectrum of garnet film measured by MO spectrometer, and solid circles show rotation angle measured by MO microscope without any calibration.  Surprisingly, it shows quite good  agreement.  
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Finally, I would like to discuss about resolution in magnetic contrast. This slid shows cross sections of glass part in MO images.  Raw data without any treatment has a standard deviation of 0.92, and it reduces to 0.14 and 0.048 by taking integration and Smoothing.   
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