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Watch and Clock Part Surface Quality Depends on White-light Interferometry

Optical metrology is gaining in importance for quality assurance of precision micro-parts. Fast, high resolu-

tion measurements using a non-contact, non-reactive (zero mass loading) optical technique are particu-

larly appealing for micro-parts. By reviewing an application from the watch and clock-making industry, the

effectiveness of one technique known as white-light interferometry is examined.

Flatness of a Date Disc

In contrast to several other optical pro-
cesses, such as fringe projection, white-
light interferometry can be used for
making measurements on both rough
and optically smooth surfaces. Whereas
both the well drive and the bottom plate
are rough metal surfaces, the date disc
(Figure 1) is an optically smooth and
reflective plastic surface with an external
diameter of 22 mm. The flatness must be
within 50 ym as this is important for its
functionality. With the TMS-300
Topography Measurement System, two-
dimensional measurements can be com-
pleted within 5 seconds. The results are
shown in Figure 2.
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Figure 2: Flatness measurement of the date
disc with the TMS-300

Surface Roughness of a Minute
Wheel

A minute wheel drive from a watch is
shown in Figure 3. To verify manufac-
tured quality, the surface roughness
must be measured in the area of the cor-
rugated surface that is about 100 um x
300 uym. Making the measurement using
a tactile instrument is a problem due to
the geometry of the measurement area.
Optical techniques such as white-light
interferometry allow the topography to
be captured within a matter of seconds.
In Figure 4, the results of such a mea-
surement using the Polytec TMS-1200
microscope-based white-light interferom-
eter are shown. To measure the surface
roughness, the corrugated surface is iso-
lated by the software (a process that can
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be automated at any time) and the Ra
value on a profile section is determined
(Figure 3). To be sure that the correct
values are determined, the filter charac-
teristics for separating shape, roughness
and ripple can be infinitely adjusted to
suit the scale of the test sample. In the
above example, a cutoff wavelength of
¢ =80 pym and a sampling length of

L = 240 um were used. The arithmetic
mean roughness index was determined
here at Ra =160.7 nm.

{

Corrugated surface

Figure 3: Minute wheel drive.

Figure 4: Topography in the area of the cor-
rugated surface.

Figure 5: Calculation of the surface roughness
(Ra = 160.7 nm) in the area of the corrugated
surface (c = 80 pm, L = 240 pm).
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Figure 7: Determining the overall flatness of the bottom plate and the measurement point for the

surface roughness.

Flatness of a Bottom Plate

The flatness of the surface of the bottom
plate (Figure 6) is another test criterion.
The challenge in measuring the flatness
is to make a precise topography mea-

surement of a comparatively large area of
about 15.5 mm x 8.5 mm with microm-
eter accuracy. In contrast to triangula-
tion based processes, such as confocal
microscopy, white-light interferometry
offers the possibility to scale the mea-
surement surface independently of the
numeric aperture in a large area without
any losses to the depth resolution.

With the aid of the Polytec TMS-300
white-light interferometer, measurement
surfaces of up to 19 mm in diameter can
be captured with subnanometer resolu-
tion in the z-direction at one reading per

Figure 6: Bottom plate.

second, and this is done largely indepen-
dently of the type of surface, in particular
its roughness. In Figure 7, the results of
such a flatness test are shown.

Another test criterion for the bot-

tom plate is its surface roughness. To
determine the surface roughness, a
microscope-based TMS-1200 is used

to capture the topography at the point
shown in Figure 7 with high resolution.
The results for three neighboring profiles
are shown in Figure 8.

In contrast to a one dimensional tac-

tile profile measurement, the optical
acquisition of the topography across the
surface offers the possibility to character-
ize the roughness in two dimensions.
Analogously to the standard roughness
parameters defined for one dimensional
profiles, roughness parameters can also
be applied to two dimensional data and,
with the larger number of measurement
points, can provide correspondingly
more reliable data than individual profiles
made up of only a few data points.
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An example of such a comparative evaluation of
roughness is shown in Figure 9.

Figure 8: Two-dimensional calculation of the arithmetic
mean roughness value Sa on three part surfaces
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Figure 9: High resolution topography measurement of the
bottom plate and calculation of the Ra index.
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