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Unimorph deformable mirrors are attractive in adaptive optics system due to their advantages of simplicity, compact, low 
cost and large stroke. In this paper, a double drive modes unimorph deformable mirror is presented, which comprises a 
200 μm thick PZT layer and a 400 μm thick silicon layer. This deformable has 214 inner actuators in the 50-mm active 
aperture, which are for the aberration correction and a outer ring actuator for generating an overall defocus bias. An 
analytical model based on the theory of plates and shells is built to predict the behavior of the deformable mirror. The 
stroke of the deformable mirror is tested in the experiments. In order to test the performance for aberration correction, 
the deformable mirror is used to correct the aberration from its imperfect initial mirror surface in the close-loop manner. 
The root-mean-square value of the mirror surface after the close-loop correction for ten iterations is about λ/40, which 
indicates this deformable mirror has a good aberration correction performance. This DM has the potential to be used for 
astronomical adaptive optics. 
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1. Introduction 

Adaptive optics (AO) was originally developed to compensate the turbulence-induced dynamic disturbance in 
astronomical telescope to improve the resolution [1,2]. Nowadays, nearly all modern large telescopes employ an AO 
system. The deformable mirror (DM), which works as the wavefront corrector, is the core component of the AO system.   
The traditional DM with thousands of piezoelectric stack actuator matches for astronomical AO. However, this device 
has a very high price [3]. 

Unimorph deformable mirrors are attractive in adaptive optics system due to their advantages of simplicity, compact, 
low cost and large stroke for correcting low-order optical aberrations (such as defocus, astigmatism, coma and spherical 
aberration) [4]. During past two decades, many kinds of unimorph DMs have been designed and fabricated [5-7]. Most 
of these DMs have no more than 100 actuators, and are designed for correction low-order aberrations. 

In this paper, we develop a double drive modes unimorph DM with high actuator count for astronomical adaptive optics. 
This deformable mirror has 214 inner actuators in the 50-mm active aperture, which are for the aberration correction and 
a outer ring actuator for generating an overall defocus bias. The performance of this unimorph deformable mirror are 
presented.  

 

2. Design of this unimorph DM 

The layout of the double drive modes unimorph DM is illustrated in Fig. 1. The DM comprises of a 200 μm thick PZT 
layer and a 400 μm thick silicon layer. These two layers are glued together, with edge supported rigidly. The 
metallization on backside is patterned to produce 215 electrodes (one outer ring actuator, and 214 inner actuators which 
are arranged annularly). The uniform metallization between the silicon layer and the PZT layer is used as ground 
electrode. The overall size of the DM is 100 mm in diameter, with the effective diameter of 50 mm used for wavefront 
aberration correction. The diameter of the inner actuators’ area is 60 mm, and the inner and outer diameter of the ring 
actuator is 64 mm and 90 mm, respectively. The inner actuator has a space of 4mm.  
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Fig. 1. Layout of unimorph DM: plan view of electrode pattern (top) and cross-sectional view of the unimorph DM (bottom). 

In previous research[5], we have built the analytical model for simulating the behavior of the DM, which is based on the 
theory of plates and shells[8,9]. The schematic diagram of disk unimorph actuator is illustrated in Fig. 2. The actuator is 
divided into two sections: the central part covered by a circle electrode and the outer ring part. The deflection along the 
radius r and relative to point O1 and point O2 were represented by the following equations: 
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where b and a are the radii of the DM and electrode, respectively. De is the equivalent flexural stiffness. M0 is the 
moment caused by the PZT actuation: 
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where U is the voltage applied on the PZT film and h is the total thickness of the actuator. Dpzt, Epzt, hpzt and d31 are the 
flexural stiffness, Young’s modulus, thickness and transverse piezoelectric coefficient of the PZT film, respectively. Dsi, 
Esi and hsi are the flexural stiffness, Yong’s modulus and thickness of the silicon elastic layer, respectively. Equations (1) 
to (3) can be also used to calculate the deformation of the outer ring actuator, by simply changing the deflection 
direction [5]. 

Based on this analytical model, we can predict the deformation of the inner actuators and the outer ring actuator. When 
all the inner actuators are driven by 50V and the outer ring actuator is driven by 55V, the two radial direction 
deformation curves are shown in Fig. 3. It can be found that when the deformable mirror is driven by positive voltage, 
the outer ring actuator and inner actuators generate deformation of two different directions. And these two deformations 
can be counteracted when appropriate voltages are applied on both the ring actuator and the inner actuators, resulting in 
a flat surface in the effective aperture of the deformable mirror, as shown in Fig. 3. So this double drive mode  
unimorph deformable mirror can generate deformations of two different directions driven by only positive voltages. To 
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correct aberrations, the ring electrode is normally biased at a constant voltage to produce a pre-deformed shape with an 
approximate deflection to the half of the maximum convex defocus generated by the inner actuators. The inner 
electrode voltages are varied to correct wavefront aberrations.  

 
Fig. 2 Deflection of piezoelectric disk unimorph actuator. The actuator radius is b, the top electrode radius is a. M0: moment caused by 
actuation of PZT; M1: moment between two parts; M2: equivalent moment applied on the central part. 

 
Fig. 3 The radial direction deformation curve of inner actuators and the outer ring actuator. 

 

3. Experiment results  
In the fabrication, a commercial available PZT film with silver electrode layers on both faces was used. The film has a 
diameter of 100 mm and a thickness of 200 μm. And a commercial 3-inches 400 μm thick silicon wafer is used as the 
structural layer. The inner electrodes and outer ring electrode are patterned with photoresist mask protection. The 
packaged DM is shown in Fig. 4. The package sizes are 200 mm, 160 mm, 60 mm, respectively. It can be found that this 
DM has the advantage of lightweight. 

 

Fig. 4 The packaged double drive modes unimorph DM.  
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The performance of this DM was measured using Wyko RTI4100 with ±λ/20 measurement accuracy (λ = 0.633 μm). 
Firstly, the deflection of the inner five rings of actuators were tested, where there are totally 118 actuators. The actuator 
deflections were measured by applying 50 V to a single actuator and performing a differential measurement (subtracting 
0 V from test voltage measurement), and the measured actuator deflections are as shown in Fig. 5 and Tab. 1. It can be 
found that the actuator deflections are all about 1μm driven by 50V except the actuator on the first ring, which can meet 
the requirement of astronomy adaptive optics. The deflection of the outer ring actuator is also measured, as shown in Fig. 
6. The deflection of the outer ring actuator is about 2.6633 μm when it is driven by 20V.  

 
Fig. 5 Measured deflections of the inner actuator on different rings. (a)~(e) are the actuator deflection of the first ring to the fifth ring. 

Tab. 1 Measured inner actuator deflections at 50V. Unit: μm 

Ring  1  2  3  4  5 

Deflection 0.5514 0.8787 0.9034 1.0005 0.9697 

 
Fig. 6 Measured deflection of the outer ring actuator. 

To test the aberration correction ability of this deformable mirror, the DM were used to correct the aberration from its 
initial surface. In aberration correction experiments, the inner 118 actuators were used to correct the aberrations in the 
aperture of 36 mm. The initial surface was also measured using Wyko RTI4100, as shown in Fig. 7. The PV value of the 
initial surface is 5.3207 μm, and the rms value is 1.2088 μm, with tip/tilt removed. From Fig. 7(b), it can be found that 
low order aberrations play a dominant role in the initial surface aberrations, which are relatively easy to be corrected. 
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The steepest descent algorithm was used to control the DM to correct the aberrations in the close-loop manner. The rms 
values of the residual aberrations are shown in Fig. 8. From the rms curve, it can be found that the rms value of the 
residual aberrations drops to 17.9 nm after ten iterations, with tip/tilt removed. The surface after correction is shown in 
Fig. 9. It can be found that the PV value of the surface after correction is 0.2608 μm, with tip/tilt removed. From the 
experiment results, it can be found that the rms value of the residual aberrations is close to λ/40, which indicates a good 
correction result has been achieved and this DM has a good aberration correction ability.   

 
Fig. 7 Measured initial surface of the DM (a) and Zernike expansion coefficients of the initial surface. 

 
Fig. 8 The rms curve of the residual aberrations after correction.  

 
Fig. 9 Measured surface of the DM after aberration correction.  
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4. CONCLUSIONS 
This paper reports a double drive modes unimorph deformable mirror with high actuator count for astronomical 
application. This unimorph deformable mirror can generate deformations of two different directions when it is driven by 
only positive voltages. The experimental actuator deflection is tested, which is about 1 μm at 50V. This deformable 
mirror is proved to have a have good aberration correction ability in the experiment of initial surface aberration 
correction. After correction, the rms value of the residual aberrations is close to λ/40. This deformable mirror has the 
potential to be used for astronomical adaptive optics.  
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