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Semiconductor inspection equipment

Ultra-precision stages for semiconductor inspection must simultaneously achieve
long-stroke motion, nanometer-level accuracy, and fast settling. Dual-servo
stages comprising coarse and fine stages are widely used, but coordination
performance degrades in practice due to dynamic mismatch, alignment errors, and
nonlinear coupling. Conventional approaches such as feedforward compensation
and model-based control rely on accurate models and show limited robustness to
disturbances. This study proposes a reinforcement learning-based PID (RL-PID)
controller for the fine stage of a one-degree-of-freedom dual-servo system, while
a conventional PID is applied to the coarse stage. The RL-PID optimizes PID
scaling factors using DDPG , with stability ensured through a Lyapunov-based

reward and FRF -derived safe exploration bounds. Simulation and dSPACE-based
experiments demonstrate significant improvements in settling time, overshoot,
and tracking accuracy, achieving up to a 33% reduction in RMSE under
high-speed scanning. The results validate the effectiveness of safe RL-PID in
mitigating nonlinear coordination issues and enhancing industrial applicability.
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Table 1 Hardware configuration block diagram

Component Value Units
Linear BLDC motor SWL-DM50 -
Continuous/Max current 3.65/11 A
Force constant 57.07 N/ A, s
Stroke 470 mm
Voice coil motor AVA2-20 -
Continuous/Max current 14/42 A
Force constant 8.35 N/ A, s
Stroke 20 mm
Coarse motor driver TA330-E01 -
Supply voltage 48 v
Torque gain 1.0 ANV
Bandwidth 5.0 kHz
Fine motor driver TA115-E01 -
Supply voltage 24 v
Torque gain 0.2 AN
Bandwidth 5.0 kHz
Linear encoder AK MS 15 TTLx50 -
Supply voltage 5 A%
Resolution 0.2 pm
Output requency 250 kHz
Laser interferometer RLU10 laser -
Supply voltage 24 \%
Resolution 158 nm
Output update rates 5 MHz
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