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Introduction

Maglev technology

>

>

No friction, backlash and hysteresis

No requirement of lubricant and bearings
Fast response

Multi-DOF motion with simple structure

Ideal for clean-room environment



Introduction
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Light moving part:

Maximum acceleration:;

Maximum payload:

Ny Introduction
Specifications
» Motion capability: 6-DOF
» Positioning resolution: 3 nmrms
» Angular resolution: 100 nrad
» Travel range: 5 mm translation in x & y

500-pm in z
3.5-mrad rotation

0.267 kg

2.5 g Horizontal in motion
8 g in vertical motion

2 kg
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Instrumentation structure

Instrumentation

Coordinate tr

ansformation

Power amplifiers

Control system
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Laser Interferometry

» Horizontal motion sensing

» 632 nm HeNe Laser

> 0.6 nm resolution

» 40-m sensing range
» Up to 0.5 m/s velocity

Agilent 10780C/F
Receiver

Instrumentation

AV""‘
Agilent 10706B
High Stability Plane
Agilent 10706B [ -+ = ] Mirror Interferometer
Agilent 10780C/F

High Stability Plane
Mirror Interferometer

X-Axis

Receiver
Agilent 107068

High Stability Plane
Mirror Interferometer
Y-Axis
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Agilent 5517C
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Instrumentation

Capacitance probes

Vertical motion sensing
500 um sensing range

—5to +5 V sensor output
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Absolute position sensing




Instrumentation

Sensor placement
p plane mirror
plane mirror
receiver ~ laser
interferometer
laser plane mirror
interferometer A
——— e At N o o ). B I 1 F
laser
interferometer I: :I
capacitance probes
receiver
from laser
head ?
33% beam splitter 50% beam splitter beam bender

Vertical motion sensing Horizontal motion sensing



Actuation

Novel dual-force actuation scheme
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Actuation




%‘j Dynamic modeling and

Modal displacement transformation
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g;j Dynamic modeling and control

System modeling

Pure-mass model: f =mx T = |é
m = 0.267 kg
1, -1, -l1,| [34037 0 0
| = —Iyx Iyy —Iyz = 0 340.37 0 x107° kg-m2
-1, —Izy |, i 0 0 653.61_
X(s) 1 () 1

2

F(s) ms? T(s) s



Dynamic modeling and control

Horizontal motion control G (5) K (s + 259.8)(s + 50.68)
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Dynamic modeling and control

Vertical motion control K(s+57.47)(s + 6.271)
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Dynamic modeling and control

300

Rotational motion control
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Experimental results

Precision positioning

50-nm consecutive steps in x-axis
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Experimental results

Precision positioning

X (m)
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500-um sine wave in x-axis




Experimental results

Trajectory tracking

500-nm spur gear trajectory
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Indentation




Experimental results

Positioning in large travel range

Large motions in the x- and y-axes




Experimental results

Positioning in large travel range

5-mm diameter circle
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Experimental results

Positioning in large travel range

Scanning and quick return

rapid returning
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» Single-moving part with simple structure and 6-DOF motion
capabilities

» Actuator design based on novel dual-force actuation scheme
» Specifications:

» Positioning resolution: 3 nmrms

» Travel range: 5 mm translation in x & y

» Light moving part: 0.267 kg

» Applications:

» Nano-manipulation
Lithography
Scanning
Nanoscale vibration isolation
Nano-indentation
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Conclusions
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