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In situ surface-roughness
measuring topographer

Robert E. Parks

A novel surface-roughness profiler directly measures the finish of large
optics and does not need any vibration isolation.

Measuring surface roughness or finish is one of the more difficult
measurements of large mirrors or lenses. In general, the measur-
and is too large to place on the stage of a surface-roughness mea-
suring device, so that an indirect measurement must be made
using replicas. In addition, the long mechanical path between in-
terference objective and sample on traditional microscope-based
profilers makes them prone to vibrations caused by environmen-
tal noise, which disturbs temporal phase-shifting measurements.

With our new MicroFinish Topographer (MFT), the entire unit
is kinematically supported directly on the surface that needs to
be measured using three nylon balls. The short, stiff mechanical-
support loop between the three balls and the interference objec-
tive means that measurements can be made directly, without the
need for replicas or vibration-isolation equipment. Any environ-
mental noise couples in phase to both the device and the sur-
face, so there is no net displacement between them, and phase-
shifting measurements are unaffected.

The MFT consists of a point-source microscopel”? we devel-
oped that incorporates a Mirau interference objective, a piezo-
electric transducer (PZT) to phase shift the objective, and 4D
Technology 4Sight software to drive the PZT and analyze the
interference pattern. The basic MFT is no different than other
temporal phase-shifting roughness-measuring interferometers,
except for its symmetric, short-coupled, stiff mechanical-support
structure (see Figure 1), rather than the vibration-prone stages of
most other similar devices.

Because the MFT can be set directly on the surface that needs
to be measured, there is no need for replicas. The latter have
several drawbacks: they are time-consuming to make (requiring
skill and time to cure), lead to indirect measurements with po-
tential loss of fidelity, and the silicon replica material leaves a
residue that is difficult to remove and can lead to poor coating
adhesion.

Test results have shown that the MFT gives the same rough-

Figure 1. The MicroFinish Topographer (MFT) showing the point-
source microscope (gray) and the short-coupled support (purple),
connected—Dby adjusting screws—to the ring (green) with three balls
that sit on the measurand.

ness values as more traditional roughness devices—and have
a 0.05nm repeatability on samples with Inm rms finish—even
though it does not have to be vibration isolated. In fact, the unit
can be slid on the test surface (see Figure 2) without the fringes
moving from the field of view. The 4Sight software makes it easy
to ‘fluff” out the fringes and set focus for maximum contrast,
yielding the highest-quality data.

As in all optical devices, users are looking for universal solu-
tions. Can the MFT be used on samples smaller than the 120mm-
diameter support ring? The answer is “Yes,” with a simple stand
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Figure 2. The MFT measuring the test surface of an 8.4m-diameter
mirror. (Credit: John Davis, Steward Observatory Mirror Laboratory,
University of Arizona.)

to hold the objective pointing up and a support plate with a se-
ries of three balls of increasing diameters. This allows placement
of samples as small as 10mm diameter directly over the objec-
tive. Again, no vibration isolation is needed because the sam-
ple and microscope move together. A further advantage is that
sample after sample of the same curvature can be tested with-
out having to readjust the fringes. This dramatically speeds up
roughness measurements of similar samples.

In summary, we have shown that the MFT is a solution to di-
rect measurements of surface roughness of large and small sam-
ples, without the need for replicas or vibration-isolation hard-
ware. It is the same basic, time-tested roughness-measurement
method packaged in a way to minimize the effect of the environ-
ment. Our next steps involve moving the software onto a laptop
computer and use a USB amplifier for the PZT, thus making the
whole unit completely portable.
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