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Deformable mirrors are essential for many applications in modern x-ray synchrotron facilities [1]. While there are a variety of different approaches, including mechanical benders, bimorph mirrors, voice coils actuated
mirrors, and others, here we focus on the possibility of using a magnetically smart material (Terfenol-D) to correct the shape of a X-ray mirror via magnetstriction (property of ferromagnetic materials that causes them
to expand or contract as a response to an external magnetic field). Terfenol-D has been shown to have an immense magnetostriction [2]. The mirror deforms due to the magnetostrictive stress Terfenol-D provides in the
presence of a magnetic field. This approach has various advantages over other concepts: 1) it provides non-contact control of the mirror shape; and 2) the use of a magnetically hard material, in this case NiCo, provides
a constant remnant magnetic field to maintain the mirror surface profile and shape for an extend period of time[3]. The present work used samples cut from of Si wafers coated with Terfenol-D and NiCo films. Profile
measurements were performed using a Fizcam 2000 interferometer, to show deflections and to demonstrate that the remnant field in the NiCo holds the deflection after the external field has been removed showing a
deflection up to 1.34µm under 0.12 Tesla, and two of the mirror samples successfully hold some of its deflection under the remnant magnetic field created by the NiCo layer. Due to time limitations, tests were done
with permanent magnetics located on each side of the cantilever. An X-ray beam application would use electromagnetic/magnetic write head.

Setup

The measured samples are made of polished Si strips, 20 mm x
5 mm wide, and 200 um thick, coated with 2 different layers.
The first layer, called the actuating layer is a 1.6μm layer of
Terfenol-D, and the second layer is a ≈50nm coating of NiCo, to
hold in the magnetic field after the external field has been
removed, thereby preserving the deflection.

The setup consists of the sample being clamped at the edge
and a reference flat mirror next to it. Two movable permanent
magnets, mounted on a translation stage, are to control the
magnetic field strength applied to the mirror sample.

The deflection of the sample was measured using a broadband
4D Technology Fizcam 2000 interferometer, which is a type of a
Fizeau interferometer.

Three samples with the same thicknesses of the different
compounds were measured. The results are shown in Table 1.
We note that although NiCo was able to retain some
magnetization for samples 2 and 3 it wasn’t able to do so for
sample 1. The temperature of the room was also measured
during the experiment (See Table 2) to verify that the
deflections were not caused by thermal effects

Conclusion and future work

Our measurement showed that magnetic smart materials could
be potentially used to shape x-ray mirrors. A deflection of up to
1.34μm was obtained under 0.12 Tesla, and the deflection can
be held in place by the NiCo. Further research is needed to
determine the optimum film thickness of NiCo to preserve the
shape of the mirrors. We are also interested in the effects of
annealing the sample and using a thicker layer of Terfenol-D
have.

Experimental results and discussion

In order to correlate the deflections of the samples to the
strength of the magnetic field, measurements and analysis of
the magnetic field at different separations of the magnets were
done:

Measurements of the samples were taken at different
separations of the magnets of our setup. Before doing any
measurements, a degausser was used to make sure the NiCo
was not magnetized. For the first measurements the magnets
were as far apart as the setup allowed (366mm), to have a low
magnetic field. The second measurement was taken when the
magnets were as close as the setup allowed (70mm), in order
to increase the magnetic field. Finally we again decreased the
magnetic field to see how well the NiCo holds the deflection.

Figure 4: Plot of the 
magnetic field along the 
sample at different 
separations of the 
magnets (top) and plot of 
the magnetic field of the 
setup at different 
separations of the 
magnets. (Bottom) The 
magnetic field was 
measured using a Hall 
probe at the APS 
magnetic device 
laboratory. 

Figure 1:  Setup with permanent magnets at their closest for maximum 
magnetic field. 

Figure 2: Samples in
the setup (right side of
the picture) about to be
measured with the
interferometer (left side
of the picture).

Figure 3: Dynamic 
interferometry (image 
provided by 4D 
technology)
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Figure 5: Plots of the 
sample shape (Top) and 
deflection  (Bottom) of 
sample 2.

Samples Deflection at 0.12T(μm) Deflection after 
magnetization (μm)

1 0.47 0

2 1.04 0.4

3 1.34 0.68

Table 1: Deflection of samples under 0.12T, and after magnetization.

Samples 1st measurement 
(⁰C)

2nd measurement 
(⁰C)

3rd measurement 
(⁰C)

1 22.8 22.7 22.7

2 22.9 22.8 22.9

3 22.9 22.8 22.8

Table 2: The room temperature during the measurement.


