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particles in a laboratory fluidized bed re-
actor and used to compute yields of re-
action products (especially tar). The re-
sults indicate that at fixed initial particle
size, the temperature of the fluidizing
gas is the foremost parameter that influ-

ences the tar yield and can be chosen to
maximize the tar yield (see figure). The
temperature of the biomass feed, the na-
ture of the feedstock, and the fluidiza-
tion velocity were all found to exert only
minor effects on the tar yield.
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Membrane Mirrors With Bimorph Shape Actuators

Only modest control voltages would be needed.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Deformable mirrors of a proposed
type would be equipped with relatively-
large-stroke microscopic piezoelectric
actuators that would be used to main-
tain their reflective surfaces in precise
shapes. These mirrors would be mem-
bers of the class of MEMS-DM (for
microelectromechanical system de-
formable mirror) devices, which offer
potential for a precise optical control in
adaptive-optics applications in such di-
verse fields as astronomy and vision sci-
ence.

In some respects, the proposed mir-
rors would be similar to the ones de-
scribed in “Silicon Membrane Mirrors
With Electrostatic Shape Actuators”
(NPO-21120) NASA Tech Briefs, Vol. 27,
No. 1 (January 2003), page 62. Like a
mirror of the type reported previously,

a mirror as proposed here would in-
clude a continuous-membrane reflec-
tor attached by posts to actuators that,
in turn, would be attached by posts to
a rigid base (see figure). Also as be-
fore, the proposed mirror would be
fabricated, in part, by use of a mem-
brane-transfer technique. However,
the actuator design would be different.
Instead of the electrostatic actuators
reported previously, the proposed mir-
ror would contain bimorph-type piezo-
electric actuators.

The reasons for the proposed
choice of actuators are simple: In the
mirror described in the cited prior ar-
ticle as well as in other previously re-
ported membrane mirrors that feature
piezoelectric and electrostrictive actu-
ators, it is not possible, by use of mod-
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This Deformable Mirror would contain bimorph actuators, which would produce relatively large

strokes (=6 pm) at modest applied potentials (=9 V).

NASA Tech Briefs, May 2003

est actuation voltages, to obtain actua-
tor strokes of the order of +6 pm as
needed in the intended adaptive-op-
tics applications. The mechanical am-
plification inherent in the bimorph
configuration would multiply the
small displacements typically gener-
ated by piezoelectric devices, thereby
making it possible to obtain the de-
sired stroke magnitudes at voltages
lower than would be needed to obtain
the same stroke magnitudes from non-
bimorph piezoelectric and electrosta-
tic actuators.

A voltage applied to the piezoelec-
tric layer in a given actuator would in-
duce a stress that would cause the ac-
tuator layer to bend and thus to pull or
push on the mirror membrane. It has
been estimated that an applied poten-
tial of £9 V should be sufficient to pro-
duce an actuator stroke, and thus a
local reflector displacement, of +6 pm.
Inasmuch as the actuators would be es-
sentially capacitors from an electrical
perspective, the actuators would con-
sume power only during changes in
their position settings. During mainte-
nance of a position setting, only the
supporting electronic circuitry would
consume power.
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