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（研究分野） 

 マイクロ・ナノメートル領域での異分野融合ものづくり基盤技術の確立。新規なマイクロ・ナノ構造創成技術の開発。ラ

イフ・イノベーション創出を支援する細胞機能解析用MEMSプラットフォームの開発。 

 

（研究テーマ） 

１）マイクロ・ナノ構造創成技術（柴田隆行） 

 MEMS技術を基盤として特殊な工具を創製することで，新

規なマイクロ・ナノ加工技術の開発を行っている。具体的に

は，⑴軟質のシリコーン樹脂製のスタンプを用いてポリマー

材料を基板表面に直接転写して所望のパターニングを行う

ダイレクトインプリントリソグラフィ技術，⑵中空構造を有

するマイクロニードルアレイ工具を用いたマイクロ穴加工

技術，⑶ダイヤモンド製AFMプローブを用いた微細加工と形

状計測・表面物性評価機能を同時に備えたナノ加工・計測シ

ステム，⑷触媒反応の局所空間制御によるナノ化学加工技術

などの研究を行っている。（図１，２） 

 

２）超並列オンチップ細胞機能解析デバイス（柴田隆行） 

 生命現象の統合的理解と制御を行うために，単一細胞レベ

ルの超並列操作や細胞の機能解析・制御を行うための種々の

MEMSデバイスの実現を目指している。具体的には，⑴細胞

への生体分子（DNA，タンパク質など）の注入や細胞内で発

現した極微量な生体分子の採取を超並列に処理可能とする

細胞穿刺用ナノニードルアレイ，⑵細胞を３次元空間に高精

度に配置制御するための細胞操作用マイクロマニピュレー

タアレイ，⑶ナノメートルオーダの微小な機械的振動刺激を

細胞に与えることで細胞の機能発現制御を行う圧電駆動型

マイクロ細胞培養デバイスなどの研究を行っている。（図３，

４，５） 

 

３）多機能走査型バイオプローブ顕微鏡（柴田隆行） 

 細胞の機能発現過程における様々な生体機能情報（物理

量・化学量）を複数同時に可視化（細胞機能イメージング）

することで，空間的・時間的相関計測の実現を目指している。

具体的には，従来の原子間力顕微鏡（AFM）のもつ多彩な機

能（形状計測・物性評価）に加え，単一細胞への生体分子の

注入や細胞内で発現した微量なタンパク質などを高精度に

採取する機能や，完全非接触での細胞のダメージレス形態イ

メージング（SICM）ならびに生体分子の細胞内ダイナミク

ス観察を可能とするチップ増強ラマン散乱イメージング

（TERS）を同時に実現する多機能走査型バイオプローブ顕微

鏡の研究を行っている。（図６） 
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図１ マイクロ転写加工技術 

Fig.1 Microimprint techniques for manufacturing microstructures. 
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図３ 細胞穿刺用ナノニードルアレイ 

Fig.3 Nanoneedle array for delivery of biomolecules. 
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図５ 圧電駆動型マイクロ細胞培養デバイス 

Fig.5 Cell culture microdevice actuated by piezoelectric thin film. 



Secure Device Research Center（Guest Chair） 
（Takayuki Shibata Group） 

 
 

（Research Field） 

 Establishment of interdisciplinary Monodzukuri (manufacturing) basic technology in micro- and nano-scale. Novel micro- and 
nano-structuring techniques for manufacturing MEMS/NEMS devices, and MEMS-based platform for in vitro manipulation and analysis 
of living cells for supporting the creation of innovation in life science and biotechnology. 
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図２ ダイヤモンドAFMプローブ 
Fig.2 Diamond probe for atomic force microscope. 
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図４ 細胞操作用マイクロマニピュレータアレイ 

Fig.4 Micromanipulator array for cell patterning. 
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図６ 多機能走査型バイオプローブ顕微鏡 

Fig.6 Multi-functional biological scanning probe microscope. 

（Current Topics） 
１）Micro- and nano-structuring techniques for 

MEMS/NEMS（T. Shibata） 
 Novel micro- and nano-structuring techniques are proposed for 
manufacturing MEMS/NEMS devices by employing specific 
tools fabricated by MEMS technology. These include (1) a novel 
direct polymer-transfer lithography (DPTL) technique for 
high-throughput fine patterning, (2) a modified imprinting process 
using hollow microneedle array for forming through holes in 
polymers, (3) a diamond probe for an atomic force microscope 
(AFM) that offers strong advantages not only for standard 
topographical measurements and the characterization of localized 
surface properties but also for nanometer-scale lithography and 
nanostructure fabrication, and (4) a novel nanofabrication 
technique based on highly localized chemical catalysis by using a 
catalytically active AFM tip. (Figs. 1 and 2) 
 
２）A chip-based system for massively parallel manipulation 

and analysis of single cells（T. Shibata） 
 A thorough understanding of cellular functions is a prerequisite 
for realizing biological applications such as medical diagnostics, 
drug discovery, and tissue engineering. Therefore, I have been 
developing novel MEMS devices for massively parallel 
manipulation and analysis of single cells. These include (1) an 
array of out-of plane, hollow nanoneedles capable of introducing 
desired biomolecules (DNA, proteins, etc.) into living cells and 
extracting biomolecules expressed in the cells, (2) a 
micromanipulator array capable of massively parallel 
manipulation of single living cells for 2D/3D cell patterning, and 
(3) a cell culture microdevice actuated by piezoelectric thin film 
for on-chip regulation of cell functions. (Figs. 3, 4 and 5) 
 
３）Novel scanning probe microscopy techniques for cellular 

function analysis（T. Shibata） 
 With the aim of introducing novel atomic force microscope 
(AFM) applications to cellular function analysis, I have been 
developing a newly designed AFM probe (bioprobe): this enables 
intra- and extra-cellular delivery of biomolecules (DNA, proteins, 
etc.). Moreover, the bioprobe will provide other useful functions, 
such as scanning ion conductance microscopy (SICM) for 
non-damaging imaging of biological cells, and tip-enhanced 
Raman scattering (TERS) spectroscopy for quantitatively study 
on dynamic processes inside living cells. Therefore, I can provide 
a method for correlation analysis of cellular functions with high 
spatial and temporal resolution. (Fig. 6) 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Japan Color 2001 Coated)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /None

  /ColorImageResolution 350

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /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 false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /None

  /GrayImageResolution 350

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /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 false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly true

  /PDFXNoTrimBoxError false

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (Japan Color 2001 Coated)

  /PDFXOutputConditionIdentifier (JC200103)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /JPN <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames false

      /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

      /BleedOffset [

        8.503940

        8.503940

        8.503940

        8.503940

      ]

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName (Japan Color 2001 Coated)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /HighResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 0

      /MarksWeight 0.283460

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /JapaneseWithCircle

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.000 842.000]

>> setpagedevice



