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A multidither adaptive optical system (MAOS) with a new type deformable mirror is
described. The MAOS detects a laser wavefront using phase modulations, which are applied
to plural segments of a deformable mirror at individual modulation frequencies. The de-
formable mirror has nine segments and each segment is driven by two different piezoelectric
actuators. One is used in phase modulation and the other in wavefront control. The stroke
range of the mirror is 30 um and frequencies under 5kHz are suitable for the modulation
band. This control system has nine separate control loops, which work to minimize the phase
modulation signal. Each signal is proportional to a sine function of the modulated laser phase.
The cut-off frequency of the closed control loop is about 0.5 Hz. The laser intensity and beam
profile measured at tte focal point show that the distorted wavefront can be corrected.
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Fig. 1 Diagram of experimental apparatus. PH,
pinhole; M, mirror; BS, beam splitter; BP,
beam stop; IP, image plate; A, 9 synchronous
detectors; B, 9 oscillators; C, personal comput-
er; D, driver for dither; E, driver for control.
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Table 1 Specifications of the multidither
adaptive optical system.

Laser power 3W
Laser wavelength 10.6 um
Beam diameter 20 mm
Segment mirror numbers 9
Mirror size 22X 31 mm
Mirror stroke 30 ym
Focal length of lens 1000 mm
Pinhole diameter 100 gm
Photo detector sensitivity 1700 VIW
Synchronous detector linearity 5%
Personal computer sampling time 20 ms
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Fig. 2 Deformable mirror schematic drawing.
The mirror has nine segments, which size is
22% 31 mm.

Segment (22X31mm)
mirror
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actuator actuator
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Fig. 3 An actuator unit of the deformable mir-
ror. Dither piezoelectric actuator : sensitivity=
0.07 um/V, resonance frequency=150 kHz. Con-
trol piezoelectric actuator : sensitivity=0.3 yum/
V, resonance frequency=16 kHz.
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Fig. 4 Deformable mirror frequency responses
for dither and control actuator. (a ) Dither actu-
ator, the drive voltage to the actuator is 5.0
Vrms, giving a 0.49 um peak expansion. The
resonances occur at 5.8 and 7.5 kHz. (b) Phase
control actuator, the drive voltage to the actu-
ator is 1.0 Vrms, giving a 0.42 yum peak expan-

sion. The cut-off frequency is about 150 Hz.
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Fig. 5 Direct current component Inc and phase
modulation signal Is vs the drive voltage Vs of
phase control actuator No. 5. The Vs is identical
to the laser phase reflected by segment mirror
No. 5. The Inc is proportional to a cosine func-
tion of Vs and Is, to a sine function.
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Fig. 6 Basic servo system for m-th loop. F(s),
A(s), D(s), are transfer functions of controller,
deformable mirror and synchronous detector,
respectively ; 4. is photo detector gain.
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Fig. 7 Closed loop frequency response. A dis-
turbance signal is added to the drive voltage of
phase control actuator No. 5. The amplitude is
0.8V. The solid line is theoretical and the dots

@® are measured values. The cut-off frequency
is about 0.5 Hz.
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Fig. 9 Spectrum of laser intensity. Spectra (a) before and (b) after control.

Dither frequency. fa=fo+4df+m (fo=2450Hz,

signals In become small due to control.

A4f=100 Hz). Phase modulation
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Fig. 10 Laser beam profiles at the focal point. (a) and (c¢) are calculat-
ed results. (b) and (d) are measured results. (a), (b) are beam profiles
before control. Phase distortions on the nine segment deformable mirror
are listed in the figure table. (c), (d) are beam profiles after control.
Diffraction limit of the optics is about 0.4 mm.
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