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1. Lithography and Motion Control

MSD: High-frequency component of synchronization error, MSD<7nm@CD<38nm

MA: Low-frequency component of synchronization error, MA<1nm@Overlay<4nm

ST: settling time (constant velocity phase, positioning phase), ST<10ms

Very high dynamic motion
High speed: Vmax=0.7m/s 

High acceleration: Amax=25m/s2

Very high servo accuracy     

Very short settling time

Lithography Tool: CD, Overlay, Throughput

Wafer & Reticle Stages: MSD ,MA, ST



Multi-rigid-body system

Measured and actively controlled 

point

Point of interest

Cable force

Magnetic disturbance

Large amount of sensors (interferometers, eddy current sensors, linear encoders …)
Large amount of actuators (planar motors, voice coil motors, linear motors …)

1. Lithography and Motion Control

Very complex measurement & control system



Motion control  system
Software

SCB DEBMCB SCB

Ethernet

VME&RSIO Bus

 Motion Control System: Hardware & Software

 Multi-task scheduling
 Multi-axis coordination
 Sensor data acquisition
 Control computation
 Actuator command transmission

1. Lithography and Motion Control

AD DA

Fiber



 Multi-stage coordination

 Multi-DOF decoupling

 Feedback control

 Feedforward control

 Disturbance compensation

 Iterative tuning & learning

 Trajectory planning

Feedback 
Controller

Control
Decouping

Feedforward 
Controller

Disturbance 
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Mode

Trajectory 
Planning

Measurement
Decouping

Motion 
Stage

Scan

Step

6 DOF Stage

Synchronization

Coordination

Coordination

Coordination

1. Lithography and Motion Control
 Firmware



Iterative learning
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Iterative tuning 

4 top journal paper
1 invited presentation
1 invited survey paper



2. Step & Scan Trajectory

Scan

Step

Allow to adjust the trajectory to 

realize higher performance 

without increasing total time

S Curve

 r t

maxR

t



3. Symmetric S-curve Planning
Time-domain representations of symmetric S-curves 

Conclusions:

① qth order S-curve: q times integration of square wave

② Time intervals are determined by trajectory parameters

3rd order S-curve : 7 time intervals can be defined from Jerk profile
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4th order S-curve : 15 time intervals can be defined from Snap profile
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5th order S-curve : 31 time intervals can be defined from Crackle profile



3. Symmetric S-curve Planning
Laplace transformations of symmetric S-curves 
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Conclusions:

① S-curve: Filtered step wave

② Prefilter: 1st order low-pass filter with specific frequency （ ） suppression
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3. Symmetric S-curve Planning
Parameter design: zero-pole cancelation

Rmax Vmax Amax Jmax Smax Cmax
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Conclusion :

ible modes
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3. Symmetric S-curve Planning
Results & discussions

0.001

200Hznf

 


0.01

200Hznf

 


Rmax Vmax Amax Jmax Smax

0.065 0.7 25 4950

0.065 0.7 25

0.065 0.7 max 70

6 3
nV f


max 5000nA f 

max

14000

3nA f 

max 990000nJ f 

max 1000000nJ f 

max

2800000

3nJ f 



4. Asymmetric S-curve Planning
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Increasing Damping Ratio
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Representations of asymmetric S-curves 



4. Asymmetric S-curve Planning

A-Scurve
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zero-pole cancelation:
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Newton Iteration Method

β

α

4. Asymmetric S-curve Planning
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Solve the following equations with respect to α and β



4. Asymmetric S-curve Planning
Results & discussions
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Significant suppression of residual vibration



5. Conclusion and Outlook

Bus

Measurement & Calibration Card

Motion Control Card

Parametric 
control model

𝜓்𝜗
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Thank You！


