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Abstract: This paper describes MEMS deformable polymer mirror system for adaptive optics
application. This system employs a 4 um thick SU-8 membrane with a stress balanced double side
aluminum coating as a mirror element. Underlying Lorentz actuators are used to control the surface
topography of the mirror, enabling optical wavefront correction. Compared to electrostatic,
piezoelectric, and thermal actuators, the Lorentz actuators offer low voltage drive (<1 V), high
deflection, and bi-directional motion. Mirror deflection of up to 45 um was demonstrated, with
lower deflections of 10 pum achieved with actuator heating below 10 °C.
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1. Introduction

Miniaturized adaptive optics (AO) systems have gained much attention over the past decades.
AQ systems can correct distorted wavefront and are being explored for applications such as earth-
based telescopes [1-3], microscopy [4], retinal imaging [5,6], optical communication [7], and high
energy lasers [8]. AO systems employ 100’s to 1000’s actuators to manipulate a topology of mirror
surface to actively compensate the distorted image wavefront. MEMS fabrication technology has
enabled the miniaturization of DMs, reducing power consumption and large space occupancy, and
have enabled batch fabrication of numerous actuator elements together. This has provided high
reliability of the manufacturing process compared to classical macroscopic actuators.

Development of AO technology with sufficient mirror deformation and low driving voltage has
been focused many research groups. However, these systems commonly use electrostatic and
piezoelectric transducing mechanism, which suffer from limited stroke, since as the stroke increases,
the actuation voltage rises. The needed high voltage driver takes large space, requires high power
consumption and increases the overall complexity of the system. A commercially available MEMS-
based deformable mirror was introduced by a Boston Micromachines Inc. (Cambridge, MA, USA)
[3]. The deformable membrane mirror is made of rigid polysilicon membrane operated by
electrostatic transducer. The maximum mirror stroke was 1.9 um, requiring a high voltage of 241 V.
To make an additional driving voltage reduction, a flexible organic polymer was employed. An
epoxy-based SU-8 and polyimide were combined with electrostatic actuator and reported in [9,10].
The highest strokes of both deformable mirrors were 12 um at 220 V for [9] and 39 pm at 195 V for
[10]. In comparison, piezoelectric and thermal actuators are known to have lower drive voltages. The
piezoelectric unimorph microactuator of [11] employed a 100 um thick single crystalline silicon
mirror, and offered 7.4 pm stroke at 100 V.
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In contrast to the above efforts, Lorentz actuators have many benefits, including low operation
voltage and bi-directional out-of-plane motion with no magnetic hysteresis effect. This allows the
correction of surface flatness issues due to gravity-induced deformation on mirror membranes. These
advantages, combined with a simple actuator design, fast response, reasonable power consumption,
make them ideal for large stroke applications. A Lorentz actuator array with large stroke and thermal
stability was presented in [12]. The demonstrated actuators showed a deflection of £150 um with 15
mA current in a 0.48 T magnetic field.

In this paper, we demonstrate a deformable polymer mirror (DPM) system. This system is
formed from two substrate wafers. The first contains the Lorentz force based actuator array, and it is
bonded to the second substrate containing the metallized DPM.

2. Design and Fabrication

The design concept and working principle of the Lorentz actuators are shown in Figure 1a. The
single crystal silicon actuators consist of a thick (rigid) crossbar (2080 um long, ~26 pum thick) that is
supported by flexible serpentine springs (~3 um thick) on either side. Each actuator is sputter coated
with 1.5 pm thick aluminum, with ~30 Q resistance. The actuators function by Lorentz force coupling
between an electric current flowing in the crossbar and a nearby magnet. A 5 x 5 actuator array
(Figure 1b) was enabled by implementing narrow and rigid support rails that anchor the actuators to
the substrate. The actuator array was formed from a double side polished silicon wafer with three
KOH etch processes and finally bonded to the mirror substrate [13].

Support Rail Actuator array

Serpentine Spring
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mounting Rail

(a) Actuator (b) 5 x 5 actuator array

Figure 1. (a) Design of Lorentz force actuator and force relationship. (b) Photo of the fabricated 5 x 5
actuator array.

The DPM is fabricated on a second substrate wafer. A 1.5 um thick wet thermal oxide is grown
on the wafer to be used as a KOH etch mask (Figure 2a). Openings are made in the backside oxide
using a 10:1 buffered oxide etchant (BOE). Exposed silicon is etched in 30% KOH at 80 °C until a 30
pm silicon membrane remains (Figure 2b). After the backside etch, the front side oxide is removed
using BOE. The thick 30 pum silicon membrane is used as the base for fabrication of the mirror, since
its large thickness keeps it unbent by stress during the following steps. The front side is coated with
a tri-layer of aluminum/SU-8/aluminum (see Figure 2c). The aluminum is 250 um thick and deposited
by thermal evaporation. Then, SU-8-2025 (MicroChem, USA) is spin coated to a thickness of 4 um to
serve as the flexible membrane. To further crosslink the SU-8, a hard bake is done at 150 °C for 60
min. Finally, 250 nm aluminum is deposited. By sandwiching the SU-8 between the two aluminum
layers, stress is balanced, maintaining flatness. Finally, a XeF: gas etch is used to remove the 30 pm
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underlying silicon, freeing the mirror. Then plasma cleaning is done to the mirror surface in order to
remove any remaining silicon. After mirror fabrication, the actuator substrate is bonded to the mirror
substrate using silver epoxy (Figure 2d). It is cured at 80 °C for 3 h. Figure 3 shows a picture of the
bonded DPM system.
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Figure 2. Mirror fabrication process.
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Figure 3. Photograph of the Al/SU-8/Al mirror attached to the actuator substrate.

3. Result and Discussion

The performance of the DPM system was measured experimentally and compared with
simulations done using COMSOL Multiphysics. Figure 4 plots the results.

The black squares on Figure 4 are the measured deflection of the Lorentz actuators alone,
without being bonded to the DPM, in the presence of 0.35 Tesla magnetic field. The red squares are
the measured deflection of the DPM when pushed by the Lorentz actuators. It should be mentioned
that after bonding to the mirror substrate, the actuators were spaced 10 um below the DPM.
Accordingly, the first 10 pm of motion is for the actuators moving alone, while subsequent motion
are the actuators pushing against the DPM. The green triangles are the simulated deflection of the
DPMV, for the same actuator current values (and so Lorentz force) of the experimental data of the red
circles. Data is taken up to 14 mA current, to maintain actuator temperature below 100 °C. For a
moderate mirror deflection of 10 um, the heating of the actuator is only 10 °C.
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Figure 4. Measured and simulated DPM stroke versus current compared to actuator deformation.
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