





ACTIVE THERMAL FIGURE CONTROL FOR LARGE, LIGHTWEIGHT
HONEYCOMB MIRRORS IN VACUUM AND SPACE EXOPLANET DETECTION WITH CORONAGRAPHS 2006

to the three ribs forming the central Y intersection. The temperature of the mirror surface was measured by a
thermistor.

In the experiment, the cooling mechanism consisted of ice water
circulated through pipes soldered to the three cold fingers;
heating was achieved by powering the resistors. The figure was
measured with a 4D vision phase-shifting interferometer over a
145-mm diameter circular aperture, offset slightly from the test
cell. Figure 4 shows a sequence of measurements of the surface
figure. Initially the glass was in thermal equilibrium (all
measurements are shown with reference to this equilibrium
figure). The first frame of the equilibrium surface thus appears
completely flat. The resistor power at this point was turned on at
200 mW, which produced a 150 nm peak surface actuation after
10 minutes (frame 5), with a surface temperature increase of
2.0°C. When ice water was circulated to the cooling fingers and
the power dropped to 100 mW, the surface was restored to within
10 nm rms of its original equilibrium figure (frame 8). The
power was then turned off, and after a further 6 minutes, a
130-nm depression caused by cold finger cooling was recorded
in the last frame. From these measurements we were able to
characterize the single cell influence function as having a full
width at half maximum of 60 mm, a response time constant of around 6 minutes and an actuation rate of about
50 nm/°C. This rate can be compared with the expansion of a simple rod of borosilicate glass with the same
expansion coefficient of 3.2 x 10°%/°C and length of 60 mm (equal to the thickness of the mirror). This would
expand = 96 nm about its neutral center, if heated 1.0°C. The smaller expansion measured for the mirror
faceplate arises because of the mechanical constraint of the neighboring unheated ribs and face sheets.

Figure 3. Detailed view of honeycomb
mirror cells with cooling fingers inserted
through the hole in the back plate, seen
through the face plate.

Figure 4. Metrology of 145-mm
diameter region covering one
thermally controlled cell of a
borosilicate mirror. The surface
figure is shown by gray scale from
-130 nm (black) to +150 nm
(white). The actuator maximum
corresponds to the 200 mW
heating of three adjacent ribs, the
minimum to the radiative cooling
to the cold fingers at 0°C.

120



ACTIVE THERMAL FIGURE CONTROL FOR LARGE, LIGHTWEIGHT
EXOPLANET DETECTION WITH CORONAGRAPHS 2006 HONEYCOMB MIRRORS IN VACUUM AND SPACE

S. FUTURE PLANS

We plan to validate the models and the control concept with a 0.4-m prototype honeycomb mirror with thermal
control. The 61-cell blank will be made of borosilicate honeycomb by Hextek. It will be fitted with 250 heater
elements and thermistors, before being figured as a 1.5-m radius sphere. The finned cold-fingers will be cooled
individually with liquid from a refrigerated recirculator system (0.01°C control). Testing from the center of
curvature will again be with a 4D Vision phase-shifting interferometer. Measurements will be taken of:

1) the control time constant

2) the power dissipation for initial steady flow state

3) the temporal stability of control

4) the power vs amplitude as a function of Zernike mode amplitude

5) the stability against external thermal perturbation

Good control up to the first 50 Zernike coefficients is projected, which (for the coronagraphic application) will
allow the suppression of weak speckles out to ~ 4 A/D in the focal plane. The larger system models will be
refined on the basis of the prototype experience. Critical tests of the control accuracy for high contrast imaging
will then be undertaken by combining the test mirror with coronagraphic optics. One test will be made with the
AHA suppression system being developed by John Codona (these proceedings and Codona and Angel, 2006).
Another will be with the PIAA optics recently demonstrated by Guyon and Pluzhnik (2006) to give suppression
of the optical star halo to 10 at an angular separation of 2 A/D. In this demonstration, the wavefront was
corrected by a small MEMS deformable mirror. The prototype proposed here would be used to make a first test
of achieving such contrast in a full system that includes a directly corrected primary mirror. At 40-cm diameter
the primary would be far larger than the optics used in any previous high-contrast lab test, and the combined
operation would make a major advance toward a practical coronagraphic space telescope.

This work is supported by NASA under grant NNG05GD28G.
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