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Since its creation (1995) : 
MICRO & NANOTECHNOLOGY 

-   New NANOTECHNOLOGIES (process and characterization) 
-   ADVANCED INTEGRATION of MEMS & NEMS functions 
-   Micro and nanotech applied to the BIOLOGY 

NOWADAYS :  3 research axes ➟	



LIMMS Research Coverage 

Hibara 



1993-1998 東京大学精密機械工学専攻、生産技術研究所　増沢研　修士/博士　	
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GOAL: To achieve Low-cost, high performances  
(high sensitivity, integrated functions, etc.) Bio-sensors  

Nano fabrication technology: 
To develop unconventional Nano lithography & nano 

fabrications with low-cost, larger area even in  
3D curved surfaces	


Top down: 
 * Shadow mask patterning 
 * Electro-spray deposition 
 * Electroplating with AAO nano porous membranes  

Bottom up: 
 * Micro/nano contact printing with SAM 
 * liquid µCP and R2R micro CP 
 * Optical soft-lithography for 3D micro pattern 
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Unconventional Nano fabrication 
Mix and Match Unconventional Nano patterning technology 

Stencil mask 
Direct pattern 

Micro  
Contact  
Printing 

AFM lithogarphy 
anodic oxidation  
combined SAM 

PDMS Stamp 

Au substrate on Si 

PDMS Stamp 

Au substrate on Si Au substrate on Si 

Nano Imprint Lithography,  
EB litho-based hybrid pattern 

Si 
100nm 1µm 

100nm 
100nm 

Array of 30nm-wide nanowire 

SU-8 body	


Pt cantilevers	


Co-­‐work	
  with	
  EPFL	
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  Development of (1) unconventional micro/nano patterning 
    of  (2) novel micro/ nano probes  
    for bio-MEMS device/Single cell/singular molecule sensing device 

（１）広面積、新規ナノパターニング技術の開発(ソフトリソグラフィー、プローブリソ、シャドウパターン）	

（２）バイオ物質（細胞、たんぱく質、ＤＮＡなど）の計測デバイスの開発	


Micro Contact printed 
 F1-ATPase protein 

4µm 
µCPを用いたF1-ATPaseのダイレクトパターニング	


Biocell culturing 
on SAM/Au electrodes 

Bovine Adrenal Cortex  
Capillary Endothelial Cells 

SAM表面処理法を用いた生体細胞のパターニング	


Polymer cantilever biosensor using  
electrospray deposition of proteins 
(α-lactalbumin IgG patterned, cross-linked by glutaraldehyde 
vapor, co-work@RIKEN)   

Biology application	




CIRMM/Institute of Industrial Science, The University of Tokyo	


Fabrication of Micro Structures on Convex/
Concave Substrates 
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Fabrica'on	
  process	
  for	
  PDMS	
  flexible	
  photomask	
  

Fabrica'on	
  process	
  for	
  SU-­‐8	
  structures	
  on	
  convex	
  substrates	
  

Fabrica'on	
  Process	
  of	
  PDMS	
  Photomask	
  and	
  Op'cal	
  SoAlithography	
  

Rota2on	

direc2on	


Concaveも 



CIRMM/Ins(tute	
  of	
  Industrial	
  Science,	
  The	
  University	
  of	
  Tokyo	

平成２４年３月終了予定　博士論文予備審査

2011.11.21	


Fabrica2on	
  of	
  Roller	
  Stamp	
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34.7	
  μm	


16.1	
  μm	
 5.1	
  μm	


21.4	
  μm	
 20.6	
  μm	


2.6	
  μm	


Cr/Au/SAMs	


Au	
  etched	


Cr/Au/SAMs	


Au	
  etched	


2.1	
  μm	


Roll	
  Contact	
  Prin2ng	
  
(Roll	
  to	
  Flat)	
  

Roll	
  Contact	
  Prin2ng	
  
(Roll	
  to	
  Roll)	
  

Micro	
  Structures	
  on	
  a	
  Concave	
  Substrate	
  Micro	
  Structures	
  on	
  a	
  Convex	
  Substrate	
  

4.7	
  μm	


次世代大面積、Flexible	
  MEMSへの応用を目指せ！	
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GOAL: To achieve Low-cost, high performances  
(high sensitivity, integrated functions, etc.) Bio-sensors  

Nano fabrication technology: 
To develop unconventional Nano lithography & nano 

fabrications with low-cost, larger area even in  
3D curved surfaces	


Top down: 
 * Shadow mask patterning 
 * Electro-spray deposition 
 * Electroplating with AAO nano porous membranes  

Bottom up: 
 * Micro/nano contact printing with SAM 
 * liquid µCP and R2R micro CP 
 * Optical soft-lithography for 3D micro pattern 

Nano wires :!
 1> Nanowire heater fast,local temperature control (bio-thermal appl.)!
 2> CMOS-compatible Si FET nanowire sensor (for biosensing)!
 3>  Surface phonon polaritons heat transfer	


2011 Journal list  
 J.Micromech. Microeng. 
 Lap on a Chip	




Previous work:  
Temperature mapping with Ni nanowire & Rhodamine B 
1.  Capture fluorescent images: 

IHeated 

b) Image of heated structure - IHeated 

20 µm 

IRef 

20 µm 

a) Reference image - IRef 

T (Intensity) 

2.  Normalization of intensity changes: 
IHeated/IRef 

Intensity changes 

Peter Löw et al, Small 
(2008) 

3.  Conversion to temperature 
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Real Hot Topics at this moment!
  Micro heaters chamber device→Supramolecular interaction between 

biomolecules and calixerenes capped Silver nanoparticles. Study of the 
mechanism of aggregation and the effect on the plasmonic resonance, 
nucleotides 
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  New investigation of thermal conductance in nanostructures→ 
     Surface phonon polaritons Heat transfer enhancement ? 
     abnormal heat conduction phenomena related to ballistic regimes of 

transport. Design by modeling a micro/nano structure that allows for strongly 
enhancing the coupling between SPPs. Experimental works to prove their 
contribution to heat conduction. 

2011,	
  Chemical	
  Science,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  IEEE	
  NEMS	
  submiSed	


2010-­‐2012, 科研基盤B	
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GOAL: To achieve Low-cost, high performances  
(high sensitivity, integrated functions, etc.) Bio-sensors  

Nano fabrication technology: 
To develop unconventional Nano lithography & nano 

fabrications with low-cost, larger area even in  
3D curved surfaces	


Top down: 
 * Shadow mask patterning 
 * Electro-spray deposition 
 * Electroplating with AAO nano porous membranes  

Bottom up: 
 * Micro/nano contact printing with SAM 
 * liquid µCP and R2R micro CP 
 * Optical soft-lithography for 3D micro pattern 

Nano wires :!
 1> Nanowire heater fast,local temperature control (bio-thermal appl.)!
 2> CMOS-compatible Si FET nanowire sensor (for biosensing)!
 3>  Surface phonon polaritons heat transfer	


Nano channel/fluidics :!
 1> Single DNA molecule’s mobility investigation!
 2> Long DNA separation in nano fluidic devices	
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The 2nd stage ; 

DNA electrophoresis under pressure gradient in 

nanoslit device 
LONG DNA separation success!!

- Length dependant mobility 	


NOT Published YET	
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‘Shadow evaporation’ to achieve the device scale to deform DNA. 

Conventional UV lithography cannot easily fabricate the relevant scale for DNA confinement.	


h; PR thickness !
~ nanometer scale	


g ~ h ∙ tan "!
~ nanometer scale	


metal evaporation with 
tilted angle ; "  	


Rg
	


Radius of gyration 
λ-DNA ; 0.69 ±  0.05 µm	

T4-DNA ; 1.46 ±  0.2 µm 

Sub-micrometer scale required 

From vertical  nano 
to lateral nano 

; Silicon 	

; Photoresist	

; Metal	


; Silicon nitride	


5 µm with UV lithography  

S1805 series ; ~ 500 nm high  
with trapezoidal profile 
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Microchannel with 
pillar structures	


~100 
nm	


Si3N4  
layer	
 Si 

substrate	


54.74°	


<110>


<110>	


~600 
nm	


~400 
nm	


<110>	


<110>	


~90°	


Before KOH 
etching	


< Chamber-channel style>	


< Bottle-neck style>	


‘Anisotropic etching’ of zigzag pattern to achieve 
 the repetitive deformation of DNA. 

The alternating structure of wide and narrow parts can be fabricated  
by parallel at ONE TIME process.	
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The length dependent mobility in chamber-channel type device 

The large T4-DNA is slower than the small λ-DNA.	


in 200-nm wide chamber-channel 
E= 5 volt / cm 10 µm


50µm	


2.4 s	
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The average intensity (arbitrary unit)
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T4-DNA λ-DNA 

in 200-nm 
wide chamber-

channel 
E= 5 volt / cm 

~ 5 µm/sec 
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B.J. Kim lab. (NEMS -> 将来のVision)	
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lsi.epfl.ch	


on	
  a	
  Chip	


Lap	
  	
 Chip in a Lab	


Point of Care 
Portable Chip!	


- Practical Point-of care & disposable bio-sensor chip (interface with electrical signals).  
-  “Chip in a Lab”->  Smart Portable “ Lap on a Chip” 
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Biosensors:	
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Enzyme,	
  an2body,	
  cell.	
  DNA	


Signal	
  transducers	
  
(electrical,	
  op2cal,	
  mechanical,	
  etc.)	


Electrical	
  signal	


Needs: micro fludics 
micro pump,  
valves, etc. 

Key: interface sensor	


Label-­‐free	
  op2cal	




1. Twin Microcantilever Type Sensor Arrays for   
electrical/physical characterization of single cell 
単一細胞（特に、赤血球）の電気・物理的特性を測るMEMSデバイスの開発	


Schematic View 

Fabrication Results 

PDMS 

Single red  
blood cell 

To outlet channel  

Inlet channel  

Average impedance value for normal and abnormal 
RBC through the same device (7 times/each cell)  

Impedance magnitudes of air, DI water, 
PBS, normal RBC, and abnormal RBC 

Normal cell 

Abnormal cell 

Y.H. Cho et al., J. of MEMS (2006) 



2. Single-cell Electroporation Microchip with Three Dimensional Si 
Microelectrodes for Gene Transfection 
単一細胞のエレクトロポレーション用マイクロチップの開発と分析	


Si 
SiO2 
Si 

Outlet 

PDMS 
sealing 

SU-8 
channel Inlet 

Microscope 

Schematic View 

Twin electrodes 

Simulation results of electric field 
around microcantilever electrodes  
(Max≈ 3×104 V/m) 

Fabrication Results 

Expression of GFP after 24 hours 

Expression of GFP after 44 hours 

◆ Experimental conditions 
 - Jurkat (T-lymphocyte) cells 　	

 - Waveform generator 
   (Tabor Electronics Ltd.)  
 - Pulse duration: 100 ms  
 - Pulse period: 1 ms 
 - Pulse sequence: 10 times  
 - Applied voltage: 0.7 
 - Fluorescence: GFP, trypan 
blue 

Y.H. Cho et al., Transducers '07 - Lyon  


