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Abstract: Electrostatically driven membrane deformable mirrors correct wavefront aberrations through electrostatic

forces, whose correction capability dependent on driving load accuracy. Due to the charge aggregation at the

electrode edges, non-uniform deformation occurs due to the nonlinear change of the regional load, which causes

inaccurate or incorrect assessment of the calibrated wavefront aberration of electrostatically driven membrane

deformable mirrors. Based on this, this work carries out a study on electrostatically driven membrane deformable

mirror electrode edge effect and its influence on correction capability assessment, establishes a theoretical model

of electrode edge effect, and quantitatively analyzes the influence of electrode edge deformation response and

correction capability assessment accuracy based on the model, and the results show that before and after the

consideration of the edge effect, the error of correction capability assessment is improved from 25.49% to 6.83% or

even lower, and applies to different electrode spacing parameters, which verifies the correctness of the theoretical

model proposed in this paper.

Keywords: electrostatically driven membrane deformable mirror; electrode edge effect; mirror surface deformation;

wavefront correction
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Fig. 2 Edge effect of parallel flat capacitor. (a) Ideal parallel capacnance driver model; (b) EMDM electric field distribution;
(c) Charge distribution of EMDM conductive membranes
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Electrostatically driven membrane deformable
mirror edge effects and their influence on the
evaluation of correction capability

-1,2,34

Jia Haolei ™, Gu Naitings*, Zhong Libo™

N2

Edge effect of capacitors

Overview: Electrostatically driven membrane deformable mirrors (EMDMs), as key components in adaptive optical
systems, overcoming the limitations of traditional mechanical deformable mirrors in terms of size, response speed, and
stability. EMDMs offer high surface precision, low power consumption, fast response speed, and long-term stability,
which makes them essential for applications such as microscopy imaging and vision correction. The correction
capabilities of EMDMSs directly determine the overall performance of adaptive optical systems, with an accurate
electrostatic load distribution model being critical for predicting the membrane deformation and evaluating the mirror's
correction performance. However, current models often neglect the edge effects of the electrodes, which reduces the
accuracy of deformation calculations and impacts the system's optimization and performance evaluation.

Traditionally, EMDM designs are based on ideal parallel capacitor models, assuming uniform electrostatic loads
across the electrode's and conductive membrane's projection area. While this simplifies calculations and provides
reasonable accuracy, it fails to account for the edge effects, in which the electric field strength near the edges of the
electrodes is significantly stronger. This edge effect exacerbates membrane deformation, and affects the control accuracy
and wavefront correction capability. To address this issue, this study improves the existing models by considering the
edge effects, employing the method of image electrodes and the moment method to compute the charge distribution and
electrostatic potential. This approach provides a more realistic description of the non-uniformity of the electric field at
the edges of the electrodes. The proposed model overcomes the limitations of previous models by offering a more
accurate charge distribution, which improves the deformation prediction accuracy. Compared with COMSOL
simulation results shows that the relative error in membrane deformation calculations does not exceed 2%, and the
wavefront correction evaluation error is reduced from 25.49% to 6.83%. These results demonstrate the effectiveness and
accuracy of the model, and offers a theoretical foundation and application basis for the optimization of EMDM
parameters and high-precision wavefront correction.
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