
Testing aspheric surfaces 
By John E. Greivenkamp 

A dvances in aspheric optical fabrication techniques are 
placing ever-increasing demands on the systems used 

to test these optics. With techniques such as single-point 
diamond turning and computer-controlled grinding and 
polishing, it is now possible to produce aspheric surfaces 
that cannot be easily or economically tested. And a surface 
that has not been properly tested is not really finished. 
Testing can be a substantial portion of the cost of produc
ing an asphere. 

A n aspheric surface, in the simplest terms, is one that is 
not spherical or flat. Aspheres are valuable to the optical 
designer because their use allows for better aberration 
control with a given number of optical surfaces, or equiva
lent performance with fewer surfaces. 

Testing can be a substantial portion of 
the cost of producing an asphere. 

Spheres and flats are unique because they are naturally 
occurring; i f you randomly rub two stones (or pieces of 
glass) together, you will obtain mating concave and convex 
spherical surfaces. Reference or comparison surfaces can 
therefore be obtained, and they can be absolutely cali
brated.1 This same situation does not exist for aspheres, 
and we usually find that we test an asphere by comparing 
it to a sphere. While anything not spherical is an asphere, 
we usually restrict optical aspheres to on-axis surfaces of 
rotation or off-axis segments of these surfaces. 

The preferred method of testing optical surfaces is 
interferometry. There are hundreds of interferometer 
configurations, but we will use the Twyman-Green inter
ferometer (Fig. 1) as an example. Light from a laser is 
directed toward both the surface being tested and a refer
ence surface. The diverger lens is used to match the 
curvature of the optical wavefront to that of the test surface. 
The wavefronts reflected from these two surfaces are 
recombined and imaged onto a detector or viewing screen. 
The interference or fringe pattern formed between the two 
reflected wavefronts measures the difference in surface 
shape between the test and reference surfaces. A null fringe 
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pattern consisting of straight equispaced fringes indicates 
a "perfect" match between the two surfaces. Any departure 
from sphericity on the test surface produces a distorted 
fringe pattern that must be interpreted to derive the shape 
of the test surface. 

Mismatch with aspherics 
The difficulty with testing aspheric surfaces is that there 

can be a large mismatch between the surface and any 
reference sphere. A fringe results from each half wave
length of surface asphericity. The interferogram will 
therefore contain many fringes in a complex pattern with 
areas of very densely packed fringes. Commercially avail
able interferometers and data interpretation packages are 
usually limited to a maximum of about 10-20 waves of 
asphericity. Only weakly aspheric surfaces can be directly 
tested against a reference sphere with these systems, and 
aspheres are being designed and manufactured with hun
dreds of waves of asphericity. To overcome this limitation 
in testing aspheres, the interferometer optics are modified 
to produce a null fringe pattern for the designed asphere. 
In this manner, errors between the designed and the 
manufactured asphere show up as deviations from the null 
pattern. 

For certain types of aspherics, namely the conics (parabo
las, ellipses, and hyperbolas), the interferometer configura
tion can be modified to produce a null test. The interfer
ometer modifications required to obtain a null situation for 
other types of aspheres are not nearly as simple. Some
where in the interferometer, an optical element is added to 
counteract the asphericity of the test surface. If we consider 
the aspheric surface to be a sphere with aberrations, this 
additional optical element must have an equal and opposite 
amount of aberration. The net result is then a null fringe 
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FIGURE 1. Twyman-Green interferometer. 
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pattern for an asphere that meets specification. The three 
types of null elements are refractive null lenses, reflective 
null mirrors, and computer-generated holograms (CGHs) . 2 

The practical difficulty with null optics is their manufac
ture and alignment.3 The final design of a refractive null 
must often be modified based on the measured index of 
refraction of the glass, and excellent index homogeneity 
and precise mechanical alignment of the elements are 
required. Errors in the null wil l show up as errors in the 
tested surface or will result in the production of the wrong 
aspheric surface. In a similar manner, magnification errors 
or distortion in a C G H will also result in testing errors. 

Sometimes, testing the null element can be just as 
difficult as testing the asphere itself. The alignment of the 
null optic to the asphere is also a matter of practical 
concern. Since a spherical surface is symmetric about a 
point, it can be aligned to the null element with three 
degrees of freedom: either three translations or one trans
lation with tip and tilt. A n aspheric surface, on the other 
hand, has symmetry about a line, and this line must be 
colinear with the axis of the null optics for proper testing. 

In many situations, testing is the 
bottleneck of the optical fabrication 

process. 

This alignment requires five axes of adjustment: three 
translations plus tip and tilt. 

Some of these alignment difficulties have been solved for 
reflective null optics by making use of new manufacturing 
technology. Single point diamond turning allows refer
ence alignment surfaces to be machined directly into the 
null optic as part of its fabrication.4 A flat (tip and tilt) and 
a sphere (three translations) will provide for all five of the 
required adjustments. 

A variety of other techniques are also used to qualify 
aspheric optics. Stylus profilometers, and more recently 
optical profilometers, have been a mainstay of aspheric 
testing. Aside from the possibility of surface damage from 
the stylus, the main drawback of this method is that only a 
line across the surface is measured. Geometrical tests such 
as the knife-edge or Hartmann tests2 are also used. Many 
aspherics are not directly tested at all, but rather their 
quality is inferred from performance of the assembled 
system. 

Walk-up aspheric interferometer 
What does the future hold? Even with these techniques, 

aspheres remain difficult to test. While improvements will 
certainly be made to the techniques discussed here, there 
is a significant need for something we refer to as a "walk-
up aspheric interferometer." Such a device would allow for 
the testing of an aspheric surface without the need for the 
preparation of any special reference or null optics; this is 
very much similar to the situation that exists today for 
spherical optics. 

There are two problems that must be solved to make 
such an instrument practical. The first is that the interfer
ometer must be capable of detecting and interpreting the 
very complicated fringe patterns that result from aspheres. 
One solution is to use higher resolution detectors. A 
second solution may result from our work in sub-Nyquist 
interferometry,5 which allows fringes at frequencies many 
times the resolution of the sensor to be recorded and 
interpreted. 

The second problem is that of calibration; the recorded 
fringe pattern must be related back to the part under test. 
As the aspheric wavefront propagates through the optics in 
the interferometer, it picks up additional aberrations that 
the spherical reference wavefront does not, and the calibra-
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tion procedure must compensate for these effects. This 
process will almost certainly involve integration of optical 
design programs into the interferometer so that the two 
optical paths can be ray-traced and compared. 

In many situations, testing is the bottleneck of the optical 
fabrication process. While a great deal o f technology has 
been developed to attack this problem, the needs of the 
design and manufacturing communities are not yet fully 
met. 
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Why measure MTF? 
By Peter T. Carellas and Stephen D. Fantone 

Modulation Transfer Function (MTF) has been asso
ciated with measurement of performance of optical 

systems from the initial introduction of linear system 
analysis to this field. As the demand for higher quality, 
higher resolution optical systems has become prevalent, 
both designers and metrology scientists have begun inves
tigating M T F as a mutual mode of quantifying the per
formance of optical systems. This article identifies the 
reasons for specification and measurement of M T F as a 
system characterization tool. 

M T F is a direct and quantitative measure of 
image quality. 

Most optical systems are expected to perform to a 
predetermined level of image integrity. Photographic 
optics, photolithographic optics, contact lenses, video 
systems, fax and copy optics, and compact disk lenses only 
sample the list of such optical systems. A convenient 
measure of this quality level is the ability of the optical 
system to transfer levels o f detail from object to image. 
Performance is measured in terms of contrast (degrees of 
gray) or modulation, and is related to the degradation of 
the image of a perfect source produced by the lens. 

The M T F describes the image structure as a function of 
its spatial frequencies, most commonly produced by Fourier 
transforming the image spatial distribution or spread func
tion. Therefore, the M T F provides simple presentation of 
image structure information similar in form and interpre
tation to audio frequency response. The frequency com
ponents can be isolated for specific evaluation. 
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M T F can be related to end use applications. 
Frequently, imaging systems are designed to project or 

capture detail components in the object or image. Appli
cations that rely upon image integrity or resolution ability 
can use M T F as a measure of performance at a critical 
dimension, such as a line width or pixel resolution or retinal 
sensor spacing. Optical systems from low resolution hand 
magnifiers to the most demanding photographic or litho
graphic lenses relate image size and structure to the end 
application requirement. 

For example, video imaging systems must be designed to 
consider the image size produced by the lens relative to the 
array pixel size and location. A n array pixel width of 6 µm 
corresponds to a cut-off frequency of 8 3 / 1 p / m m . In most 
cases, attempting to resolve beyond this limit is impossible; 
therefore, designing a lens that maintains the high M T F 
out to this cut-off frequency is appropriate for this applica
tion. Specifying performance of a lens beyond this fre
quency is superfluous. 

FIGURE 1. A typical MTF measurement instrument 
will allow full freedom to create a test environment 
exactly as the design environment, including spectral 
filtering, off-axis evaluation, conjugate matching, and 
image plane movement. 
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