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. Manipulation by Laser Scanning
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Manipulation of Micro Scale Objects

Microbe, DNA

Embryo, plant cell

Pipette Adhesion of

Obstacles

/ « Positioning difficulty
+ Slow operation

« Mixing of impurity

Disturbance

Turbulent Flow Target

Solvent
Manipulation is difficult!
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Non-contact Manipulation Methods of Micro-object

Method Force Action

1. Laser manipulator Point
2. Ultrasonic Multiple points
3. Pump Line
4. Electrophoresis Line

5. Dielectrophoresis Space
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Motion Control of a Fine Particle by Electrostatic Force
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(a) Electrophoresis
(b) Dielectrophoresis
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(e) Electrorotation (f) Travelling-wave drive
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Experiment of Horizontal Rotation
»( -

Center part of bio-aligner

50kHz ~ 5MHz, 4 ~ 10V: rotation

Around 1.0MHz: most active
Over 4.2MHz: reverse rotation

Rotating speed

AC Voltage: sine wave

1kHz ~ 5MHz, 0 ~ 10V = . =
Object: Chlorella(@10~15 um) ' log(f)
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Measurement of Horizontal Rotation

kS i
Lr i
g a
c —_—
. ] _|"
*Object: Chlorella z 2
(®10~15 pum) 2 .
*Most active around 1.0 MHz 8 i
«Proportional to E? 3 ¥
< ]
N —r =~ -
Voltage V

Generated torque:

¢ =127545,1°E? (e, ~ 80, )@/ )

(5, +26) (0, +20)(1+ (0 ,)?)

o, +20

P Rid
¢ so(sp +2¢,)

Nagoya Univ.

Dielectrophoresis (DEP)
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Laser Trap Model in Ray Optics Regime

Bead F=k(x)x

Coordinate system Optical trapping force image
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Laser Manipulator High Speed Separation System

Function Generator

Optical Fiber Light

PUmp

hd DM: Dichroic Mirror
Separation Cell—

HM: Half Mirror
GM: Galvano Mirror|

Motor

Lens
A=690nm, P=30mW

Semiconductor Laser

A=832nm, P=200mW
Semiconductor Laser

Microscope

Image Processor
controfier < Force Feedback Master Arms |
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Bilateral Laser Telemanipulatio

Bead: ® 10pm

(a) Master manipulator
(3DOF, Force feedback)

(b) Laser Manipulation
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Automatic Transportation with Quadrant Photo Detector

40 Y [pm — Laser spot

= Quadrant Photo Detector

Velocity : 25 pm/s

Trajectory : Circle

Nagoya Univ.




Separation of a Single Microbe

1.Injection

L aser

Manipulation

Single cell manipulation

Noncontact Fluid
Manipulation Control

Transportation outside

@ 2.Separation

Laser
Flow
DEP

@ 3.Extraction

| Didectrohoresis ’\

Multiple objects
manipulation

High Speed Separation System (1997)
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Separation Chip

Drain Port

Extraction
Port

Input Port

‘._\ Sample

Chamber

¢ 40 mm
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Separation Chip

Main ! — )
Tg, = Streamline Flow Separation
N g enanee > Flow (1) to the main flow
2 Object Trace  Flow (2) to the drain flow
QPN
The target is transported by laser,
Holme Drain released at the separation point,
transported out by the main flow.
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System Configuration

Optical Fiber Light
Pump —p

Separation Cell

XY Stage controlled by
PZT & Stepping Motors

A=832nm, P=200mW
N Semiconductor Laser
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Objective
Lens

Dichroic Mirror

Half Mirror

Flow Co | System
Pure Separation
Pressure :
Tank Water Flow Sensor Chip Culture
Sensor l Extraction Chip
Input Port Port
—> Cell |—»
—_— detector
PZT Pump
Pressure
Sensor
[ Injection —
Air Damper Tank brain
Water,Oil,
Detergent,
Ethanoletc.|. Pressure
Controller
Nagoya Univ.

Separation Point Control

Stagnation

Streamline
at Separation Point

o = .... 5 s
45 \ i
Low pressure High pressure

at drain port atdrain port Nagoya Univ.

Back to the main flow




Separation Point Control

L
Pump = Vd—’ 1. Separation point was adjusted. !
Main Pressure ve
Main Flow \ 2. Target was transported
Drain Pressure near the stagnation point.
A \
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Separation Experiment

Comparison

Previoustype

—
100 um

Separation Time 10 Seconds
Rateof success ~ 80%

Separation Time 20 Seconds
Rateof success ~ 60% or less

Points of

1. Transportation distance is reduced %a.
Improvement

2. No need to transport against the flow.
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Problem of Laser Manipulation

Target object

¥/

Y

Micro tool
Damage by Laser Irradiation
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Indirect Laser Manipulation with Micro Tools

MEM S2000
i JTarget .
—-Q
/ - (c) Micro-tools: top view
L (multiple points contact by scanned beams)
Micro-tool

O—»

L
(a) Micro-tool: side view

(one point contact) (d) Micro-basket: top view

(plane contact)
&-
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(b) Micro-tools: top view ﬁ

(multiple points contact by multiple beams) ®© Micro-capsule:_side view
(encapsulation) .
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Design of Micro Tools

1. Microbe: Dead Bacillus C-\)

2. Artificial micro object

Figure?
Function?
How to inject?

- Low Cost
- No disturbance
- Easy

# ICRA2002
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Self-alignment of Micro Tools
by the Liquid Bridge Force

Before Desiccation After Desiccation

Micro tools (@10 pm) are aligned autonomously. )
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Non-contact manipulation is classified briefly

and some examples are introduced.

Non-contact manipulation is suitable for tasks inside the chip.

Integration of different methods can improve performance.

Sensing method is important for automation.

System integration is necessary.

Coordination of the system should be done based on purpose.
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