
Self-Propelled Swimming Microrobot  
Using Electroosmotic Propulsion and Biofuel Cell 

Toshiro Yamanaka and Fumihito Arai 
Dept. of Micro/Nano-Mechanical Science and Engineering,  

Nagoya University, Japan  

Contact person：Toshiro Yamanaka  
E-mail: yamanaka@biorobotics.mech.nagoya-u.ac.jp 
URL: http://www.biorobotics.mech.nagoya-u.ac.jp/ 
TEL: 052-789-5026 

Theory and Experiments 
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Required Region 

(In 310K water)  

<< 1st challenge : propulsion counter to capillary flow >>  
Requirements: Velocity ≥ 200 μm/s and Size ≤ 10 μm. 

Bioanode: electrode w/ anodic enzyme
Insulating tube

Biocathode: electrode 
w/ cathodic enzyme
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Electroosmotic flow
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For Future Medical Microrobotics 

New Microrobot Concept! 

Microscale Prototype (~100μm) Feasibility Study 

Conclusion •We proposed the new concept by EOP and BFC. 
•Smaller one will be faster theoretically. 
•We confirmed the concept validity experimentally. 
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Self-Propulsion in Glucose Solution 

Prototype Convection Prototype Convection 
with straight trajectory against convection 

Velocities along body length Velocities along body length 
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Exp. Setup 

Biocathode: 
SU-8+metal-NPs  
w/cathodic enzymes

Insulating tube : SU-8

Bioanode : 
SU-8+metal-NPs  
w/anodic enzymes

Ag-NPs w/GOx
+ SU-8 
composite 

SU-8

SEM image

Ag-NPs w/ LAC 
+SU-8 
composite 

Sacrificial layer
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●Coating of conductive SU-8   
composite  w/ cathodic enzyme

●1st photolithography

●Spin-coating of SU-8
●2nd photolithography

●Coating of conductive SU-8   
composite  w/ anodic enzyme

●3rd photolithography

●Coating of sacrificial   
layer (dextran)

●Development of all layers ●Release of 
the structure 

Design Prototype 

Fabrication Process 

•Self-propulsions (max. 35 µm/s) 
of prototypes were observed. 

• The velocities were within the 
theoretically expected range. 

•BFC generates an OCP, which cause EOF. 
•Its reaction force then propels the robot.  
•Smaller one will be faster. 
•This is suitable for microscale propulsion. 
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Biofuel Cell (BFC) 

Configuration 

Electroosmotic Propulsion (EOP) 

Theoretical EOP Velocity 

To realize mobile microrobots inside a human body ... 

New propulsion and energy supply methods are required !   

     

  
 

 
     

   
  

   
  

Not 
enough 

Prior Propulsion Methods Velocity (1-10 μm) Energy Supply Other  Issues 
External-Fields (Magnetic, …) ~10 μm/s OK Large Footprint 

Microorganism (MC-1, …) ~100 μm/s Unknown Biocompatibility, Durability, … 
Catalytic (Phoretic Flow) ~1 μm/s NG (H2O2) 

Catalytic (Bubble) ~1000 μm/s NG (H2O2) Large Bubbles, Toxicity (H2O2), … 

Required Technology 

Electric Field :  

Relative EOF Velocity :  

Momentum conservation :  

The concept will be a key component for 
future medical microrobotics. 
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t>0

EOF Velocity:

Inner Fluids 
Mass: 

Body Mass:

: Propulsion 
Velocity

Electric Force
to Fluids

Debye Length : Zeta Potential: 

: Charge Density 
of Ionic Fluid (+): Electric Potential

t=0 Permittivity:
Viscosity:

Propulsion Velocity

Microrobot for Medical Missions

Target

Blood Flow
: Max.200-1500 μm/s

Medical Autonomous Microrobot in Blood Vascular System

Control

Navigation

Propulsion

Energy Supply

Communication

(etc)

Manipulation

WBS

Capillary: Φ4-15μm

Artery

Vein

Capillary

Acknowledgements：This work was 
supported by JSPS Grants-in-Aid for 
Scientific Research (KAKENHI) (Grant 
JP17K18853 and JP17J06966).  

       

  

  

  

 
 

 

    

DOI: 
10.1109/LRA.2018.2800103 

Paper 


	スライド番号 1

