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Introduction

Thin, transparent domes are used in surveillance, aerospace and defense
applications to enclose and protect imaging and guidance systems. Since these
components are always in the optical path, instrument designers and fabricators
need to establish proper tolerances and characterize the manufactured dome glass
shape and thickness variations carefully to maintain accurate imaging.

A Fizeau configuration laser interferometer is typically the instrument of choice
for measuring critical optical components such as these. Its large aperture makes
it possible to image and test large areas of the convex dome surface in one
measurement, with sufficient resolution to discern fine surface variations and
imperfections.

Figure 1. Measuring transparent domes is difficult because of reflections from both surfaces as well as the
steep curvature. An on-axis Fizeau interferometer with a “surface isolation source” makes it possible to
measure domes, including the surface shape, transmitted wavefront quality, optical thickness and radius
of curvature.

The challenge of measuring thin transparent optics

An interferometer measures surface height by comparing the shape of the test optic
against a high quality reference surface. The measurement beam is split in amplitude
to produce two beams. One is directed to the test optic and the other reflects

from the reference surface. When the beams recombine they create a pattern

of interference fringes (Figure 2, left). The shape of a fringe is directly related

to height variations on the test part compared to the reference surface. While
carefully shifting the position of the reference surface by small increments, several
interference patterns are acquired from which the shape of the test surface can be
determined with high precision.

A transparent dome presents several challenges for interferometric measurement,
however.

A typical Fizeau interferometer uses a long coherence laser source. With this
standard source, interference fringes are generated between any reflective test
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surface parallel to the reference surface. When measuring thin, parallel transparent
optics (windows, domes, glass disks, etc.), interference will occur between all of
the reflective surfaces, resulting in a complex interference pattern from which it is
difficult or impossible to determine the shape of the test surface (Figure 2, right).

Figure 2. With an interferometer, surface heights and transmission errors are determined from a series
of interference patterns. The image on the left shows an interference pattern using the short coherence
source. With a standard source (right) both disk surfaces cause interference, resulting in the complex
interference pattern.

To isolate and measure the individual surfaces of such an optic it was traditionally
necessary to apply an anti-reflective coating to the back surface, thereby eliminating
the extra interference fringes. After measurement, the optic would be cleaned, the
other side coated, and another measurement taken of the second surface. The
process is time-consuming and can potentially be detrimental to the optic, especially
when fragile coatings have been applied.

A short coherence source isolates the surfaces

In recent years interferometers have been developed that combine a short
coherence source with an adjustable path-match mechanism. The path-match
mechanism can be tuned either manually or automatically to selectively interfere
any combination of surfaces within the test path. Such a “surface isolation source”
makes it possible to isolate and measure the front and back surfaces of transparent
components as thin as 50 microns. Both measurements can be completed without
repositioning the optic, which reduces measurement time and eliminates potential
misalignment between the two measurements.

The surface isolation source can also be applied for measuring curved surfaces and
is ideal to test radially concentric, transparent domes. In this case, rather than using
a flat reference surface, a transmission sphere with approximately the same F/# (i.e.,
curvature) as the dome is used as the reference.

Figure 3 shows this measurement setup with a Fizeau interferometer. The
transmission sphere can be seen on the front of the instrument. The test dome is
mounted in a separate 5-axis mount for accurate positioning.
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Figure 3. A Fizeau interferometer setup for measuring a transparent dome.

The surface isolation source enables each surface to be isolated and measured
sequentially, without re-fixturing the part. As shown in Figure 4, adjusting the path-
match distance isolates either the outer or inner surfaces for measurement.

Measuring the near surface

Inside and outside
surfaces are
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reference surface to first surface
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Measuring the far surface
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Figure 4. Setups for measuring the outer and inner surfaces of a thin, transparent dome.

4D Technology

An Onto Innovation Business 3280 E Hemisphere Loop, Ste 146, Tucson, AZ 85706 = 520-294-5600 = www.4DTechnology.com 3



https://4dtechnology.com/
https://4dtechnology.com/

APPLICATION NOTE

Figure 5 shows the interference fringes and measurement results for the two
surfaces illustrated by the test setups of Figure 4:
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Figure 5. The interference fringes and measurement results for the inner and outer surfaces.

From these two measurements it is also possible to obtain accurate maps of both
surfaces and the optical total thickness variation (OTTV) across the measurement
area. The variation can be calculated by subtracting the inner surface measurement
from the outer surface measurement. Scaling the OTTV result by the material index
of refraction yields the physical thickness variation.

Alternatively, OTTV can be measured by setting the path-match distance such that
interference occurs between the front and back dome surfaces, rather than with
the reference surface. Such a “solid cavity” test (Figure 6) can be more reliable as it
eliminates any degradation due to air turbulence or thermal currents.
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Measuring differences between
the surfaces
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Figure 6. A “solid cavity” test produces interference between the front and back dome surfaces, rather
than with the transmission sphere. This enables a comparative thickness (OTTV) measurement that is
unaffected by air turbulence.

Measuring Radius of Curvature

A Fizeau interferometer can also be used to measure the radius of curvature of a
dome. By measuring the dome, first at the cat eye and then at the confocal position,
the radius of curvature can be measured accurately. A high precision stage is used
to control and adjust the sample location relative to the interferometer for the two

measurements.
Figure 7 shows a Fizeau interferometer in a vertical, look-down configuration with a
precision positioning stage.
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Figure 7. A Fizeau interferometer in a look-down configuration with a precision positioning stand.
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Considerations for dome measurements

A critical assumption implicit in the use of a Fizeau interferometer is that the
reference and test beams follow nominally identical paths through the instrument’s
imaging optics. As a result, aberrations and thickness variations in the system’s
internal optics cancel out, and therefore they do not add significant error to the
measurement. If the test configuration is “off axis” and tilt is introduced between the
test and reference beams, then any errors in the optical train will appear as errors in
the measurement result as well.

When measuring a flat optic, the errors introduced are typically negligible and do
not impact measurement accuracy. However, when measuring a strongly curved
surface such as a non-spherical dome, the errors become significant and can distort
the measurement data. An on-axis, Fizeau interferometer is therefore the preferred
instrument for measuring domes.

Measurement setup time is another important consideration. The path-matching
operation can be automated. Figure 8 shows the result of such a scan. Note the
two sharp modulation peaks at approx. 93 mm (interference between the outer
dome surface and reference) and 99 mm (interference between the inner dome
surface and reference). Once the software-controlled path-match scan is complete,
an operator can select the surface of interest to test, fine tune the scan at the
appropriate peak, and acquire the measurement.
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Figure 8. The path-match mechanism automatically locates the position of all surfaces in the optical path.

Conclusion

Measuring the shape and thickness of transparent domes is a challenging
application that can be accomplished with very few instruments. A short coherence
source Fizeau interferometer is an ideal solution, providing the ability to selectively
isolate the dome’s outer and inner surfaces. Both surface quality and total thickness
variation can be measured for radially concentric, spherical domes. The same
technology can be used to measure a variety of thin, transparent optical elements
such as windows, glass disks, etc.
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Isolate and measure both
surfaces of thin, transparent
domes and flats

4D Technology’s AccuFiz D Fizeau laser interferometer combines a fully on-axis design, vibration insensitivity and short coherence source to
measure transparent optics. Measure both surfaces, wavefront error and optical thickness variation in a single measurement setup.

Click here for the
AccuFiz D Fizeau Interferometer Data
Sheet

A lightweight, portable, and extremely versatile Fizeau for shop-wide
measurement of flats, spheres, prisms, wafers, transparent optics and more.

4D is the first name in dynamic metrology.
4dinfo@ontoinnovation.com

(520) 294-5600
www.4DTechnology.com

4D Technology

An Onto Innovation Business


mailto:mailto:4dinfo%40ontoinnovation.com?subject=
https://www.4dtechnology.com/wp-content/uploads/2020/08/4D_Technology_AccuFiz_D_Datasheet.pdf
http://www.4dinspec.com

