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Cooled bimorph adaptive mirrors for laser optics

A V Ikramov, I M Roshchupkin, A G Safronov

Abstract. Cooled bimorph adaptive copper and molybde-
num mirrors are proposed for the compensation of large-
scale optical aberrations in laser systems with an output
power up to 15 kW. An investigation is reported of the
characteristics of the developed and fabricated cooled
bimorph mirrors. The experimental results are compared
with those obtained by computer modelling. Promising
designs of bimorph adaptive mirrors are proposed and
discussed.
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1. Introduction

One of the promising ways of improving the characteristics
of existing laser systems and expanding their capabilities
involves the use of mirrors with controlled reflecting sur-
faces for the compensation of phase distortions of the
radiation. An analysis of these distortions shows that in
the majority of cases the quality of a laser system is influ-
enced decisively by large-scale distortions of the wavefront.
Therefore, the first step in the process of constructing adap-
tive laser systems for industrial use clearly has to be the real-
time compensation of distortions such as tilt, defocusing,
astigmatism, coma, and spherical aberration. We proposed
earlier [1, 2] a bimorph adaptive mirror for the compensa-
tion of such distortions and we gave a detailed description of
this mirror together with the results of its optimisation.

In the present paper we report an investigation of the
characteristics of cooled bimorph mirrors, which we devel-
oped and fabricated.

2. Structure and initial shape of bimorph
adaptive mirrors

A detailed description of the structure of bimorph adaptive
mirrors was published by us earlier [1, 2]. Here we shall
mention only their mam features. The mirror diameter is
76 mm, the height is 9.5 mm, and the thickness of the
cooled mirror plate is 1.5 mm. A waffle-type cooling system
is used. Initially the optical surface is plane and the maxi-
mum control voltage is ±300 V. The external appearance of
a mirror is shown in Fig. 1.

Adaptive mirrors with this structure were made from cop-
per or molybdenum. In a copper bimorph mirror the optical
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Figure 1. External appearance of a cooled bimorph mirror (the
molybdenum mirror is actually shown).

surface is controlled by two piezoelectric ceramic plates: an
upper one (diameter 50 mm, thickness 1 mm, piezoelectric
ceramic of the PLZNV-1 type) and a lower one (diameter
45 mm, thickness 0.3 mm, piezoelectric ceramic of the
PLZ-19 type). A system of 17 sectioned control electrodes
was formed on the lower plate (Fig. 2). The total number
of control electrodes of the copper mirror, counting the
upper plate and the shared electrode (casing), was 19. The
optical diameter of the copper mirror was 50 mm and an
interferogram of its initial surface is shown in Fig. 3a.

Figure 2. Control electrodes of bimorph mirrors. Copper mirror:
Rt = 8.5 mm, R2 = \1 mm, R2 = 20.6 mm. Molybdenum mirror:
K, = 8.5 mm,/?;, =20.5 mm,«3 ^=24.5 mm.

One piezoelectric ceramic plate 50 mm in diameter and
1 mm thick was used in the molybdenum adaptive mirror.
Once again, control electrodes were formed on this plate
(Fig. 2) and their total number was 18 (including the cas-
ing). The reflecting surface of the molybdenum mirror was
in the form of a projection 0.2-0.3 mm high and the optical
diameter of this mirror was 47.7 mm. An interferogram of the
molybdenum mirror is shown in Fig. 3b.
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Figure 3. Initial shape of the
surfaces of the copper (a) and
molybdenum (b) bimorph adaptive
mirrors with the absolute peak-to-
peak deformation amounting to
0.711 (a) and 3.649 of an
interference fringe (b). The rms
deviation is 0.084 (a) and 0.801 of a
fringe (b). The sag relative to the
closest sphere is 0.011 of a fringe (a)
at A = 632.8 nm.

Figure 4. Thermal deformations of the copper adaptive mirror due to a
change in the temperature of the ambient medium by 1 K: (a) lines
representing the same deformation (the distance between the lines is
0.11 urn; (b) isometric projection. The absolute peak-to-peak amplitude of
the deviation is 1.1 umandthermsdeviationisO.316 \an.

3. Thermal deformations of bimorph adaptive
mirrors

Thermal deformations of these mirrors were investigated by
computer modelling and also experimentally. In the com-
puter modelling we used a DIANA system for discrete analysis
of structures and the modelling was carried out by the
method of finite elements. Three temperature loads were
investigated: the effect of a change in the temperature of
the ambient medium; the effects, on the reflecting surface,
of a laser beam with an integral power 15 kW and a diameter
of 40 mm for a Gaussian power distribution (cutoff level of
/0/e at a radius of 2 cm) and for a uniform distribution. The
computer modelling results are presented in Table 1.

In modelling the action of a laser beam on both of the
bimorph mirrors we assumed that the rate of flow of the cool-
ing liquid (water) was 10 litre min~'. In all three cases the
shapes of the thermally deformed copper and molybdenum
adaptive mirrors were quite similar. If the Zernike poly-
nomials are used to describe these shapes [3], the expansion
includes in practice only the axisymmetric polynomials
(because the coefficients for the other polynomials are at
least three orders of magnitude less) and the main con-
tribution comes from defocusing. Fig. 4 shows, by way of an
example, the thermal deformations of the copper bimorph
mirror due to a change in the temperature of the ambient
medium by 1 K.

An experimental investigation of the adaptive mirrors
was made with a Mark-Ill interferometer made by Zygo.
Fig. 5 reproduces an interferogram of the surface of the
copper bimorph mirror affected by a change in temperature
(the temperature drop between two different rooms was
~ 1 - 2 K , as judged by a wall thermometer). It is clear

Table 1. Absolute (a) and rms (b) deformations of bimorph adaptive mirrors.

Figure 5. Interferogram of the surface of the copper adaptive mirror
assumed after a change in the temperature of the ambient medium by about
1 - 2 K. The absolute peak-to-peak amplitude of the deviation is 0.822 of a
fringe and the rms deviation is 0.101 of an interference fringe. The sag
relativetothenearestsphereis4.002ofafringe(A = 632.8 nm).

from this interferogram that the surface of the mirror
became deformed, compared with that in Fig. 3a, by about
4 -5 rings (A = 632.8 nm).

A more rigorous analysis of the interference patterns was
made with a suite of INTERFER application programmes and
an IBM PC/AT 286/287 personal computer. An additional
analysis showed that the 'pure' thermal deformation (i.e.
that obtained after subtraction of the initial shape) found
experimentally for the copper mirror was 1.6 um, when
deduced from the absolute difference between the minimum
and maximum, or 0.44 |im, when found from the rms devia-
tion. These values were in good agreement with the results
presented in Table 1 when converted to a temperature change
of 1 K. The experimentally determined shape of the thermally
deformed mirrors agreed with the calculations (Fig. 4).

The results of our investigation of thermal deforma-
tions of bimorph mirrors thus showed that the molybdenum

Type of mirror Change in temperature of ambient Action of a laser beam 40 mm in diameter with integral power 15 kWand the following
medium by 1 K distributions

Copper

Molybdenum

a/um

1.1

0.03

bj\aa

0.32

0.008

Gaussian law

a/um

1.2

0.55

6/um

0.35
0.16

uniform

1.1
0.49

fi/um

0.33

0.14


