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T here are many metrology methods on the market for testing aspheres. The method 
with one of the highest known accuracies is based on a Fizeau interferometer, in 
combination with a CGH. We describe a so called DFNL type CGH, having the 
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provides a solution for measuring complex shapes that is comparable to the traditional 
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the hardware and alignment steps required to measure a complex optical surface.

DFNL-TYPE CGHS 
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computer generated holograms that can be 
used to test surface shapes with a Fizeau 
interferometer without having to use an 
additional reference optic. A DFNL consists 
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ings that creates a unique wavefront such 
that each ray hits the test surface at a right 
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to a plane wave in the second pass through 
the CGH. The reference wave is created by 
the same surface using the Zero-order in 
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tion of the light from the CGH surface to 



Zygo Corporation www.zygo.com

Easy to Use Computer Generated Holograms for Complex Surface Metrology 3

the test surface contributes to the interfer-
ence signal. Therefore, the only additional 
wavefront error apart from the test surface 
is introduced by surface irregularities of the 
CGH surface. DFNL type CGHs are fully 
compatible with the ZYGO Bayonet mount 
and can be used seamlessly with any of 
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MAJOR DIFFERENCES TO 
STANDARD CGHS

Standard CGH Nulls are placed between 
the interferometer’s reference optic and 
the test surface. DFNL type CGHs include 
an integrated Fizeau reference surface and 
are directly attached to the 4” or 6” Bayo-
net mount of the interferometer. This sim-
plifies the alignment procedure and reduc-
es overall measurement time. In addition, 
alignment errors to the optical axis of the 
interferometer are eliminated as there is no 
requirement to align a separate CGH. DFN-
Ls are manufactured on high quality fused 
silica optical substrates, which provide ex-
cellent wavefront qualities. As conventional 
CGHs are based on e-beam reticles, they 
are limited in thickness and size. DFNLs 
however, are available with a diameter up 
to 220 mm allowing to test larger convex 
surfaces. Mechanical stability for both ver-
tical and horizontal setups is ensured by 
choosing substrates with the appropriate 
thickness - up to 24 mm, which ensures a 
minimum effect of stress induced wave-
front error.

LIMITATIONS OF DFNL TYPE CGHS

As noted above, a DFNL provides numerous 
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there are a few cases in which DFNL’s cannot 
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combination with a Fizeau type interferome-
ter. The reference wave for a Twyman Green 
interferometer, for example, is not at the last 
surface of the interferometer. Therefore, it 
is not possible to use the CGH surface to 
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angle cannot be achieved to create a suf-
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this case the use of a standard CGH Null is 
necessary. At DIOPTIC we recommend the 
optimum solution based on the lens under 
test, its surface form, its surface slopes, the 
required accuracies and the customer’s me-
trology instrumentation.
 

WHICH SURFACE TYPES  
CAN BE TESTED?
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gles there is a wide range of surface types:

 � Aspherical surfaces
 � Spherical surfaces with a very large 

radius for which no suitable transmission 
spheres are available

 � Large convex spherical surfaces, for 
which no suitable transmission spheres 
are available

 � /�5>:���
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 � Cylinders and toroidal surfaces 
 � Free form surfaces

In addition to the various geometries, it is 
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structures. In this case the exact step-height 
of the zones is taken into account, so for an 
optimal lens surface the interferogram shows 
a smooth phase without any discontinuities 
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deviations of the required step height can 
also be tested. Various additional alignment 
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CGH to allow a quick and easy alignment of 
the test surface.
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WHAT ACCURACY CAN BE 
ACHIEVED?

The main accuracy limitations of a DFNL 
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and the pattern accuracy of the CGH. In 
contrast to conventional CGHs, DIOPTIC 
DFNLs are manufactured on precision 
fused silica substrates with a typical sur-
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Since these substrates provide the refer-
ence surface for the interferometer, a highly 
accurate reference wavefront is generated. 
The mechanical stability is guaranteed up 
to a diameter of 230 mm or 9 inches by 
appropriate substrate thicknesses of up to 
24 mm. The patterning error of the CGH 
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performed by testing a reference sphere 
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of 35nm PV and 5nm RMS. Principally, the 
measurement uncertainty can be further 
reduced  by subtracting the surface error 
of the DFNL substrate.

HOW TO CERTIFY THE ACCURACY 
OF ASPHERICAL WAVEFRONTS

Trust is good, control is better! Even 
though the manufacturing process of our 
CGHs is very well controlled there are 
several test measurements that can be 
performed to verify the patterning accura-
cy. The main error source of the pattern-
ing process is due to thermal drifts during 
lithography writing, which can take several 
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ducial squares for quality assurance has 
been developed per the following two-step 
process:

8�� Before writing the CGH we create sev-
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a regular grid covering the complete 
substrate. These markers are written 
within a few seconds so no drifts due to 
temperature changes or humidity can 
occur. 

2. During the writing of the CGH which 
can take several hours the central col-
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written. Any patterning error due to drift 
will result in a shift between the central 
column to the adjacent ones and can 
be detected with uncertainties below 
50 nm. DIOPTIC guarantees patterning 
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whole substrate.

�������	
���
�
������
��������
�����
��������
�����-
���������������������
������������������!"#



Zygo Corporation www.zygo.com

Easy to Use Computer Generated Holograms for Complex Surface Metrology 5

Each CGH delivered by Dioptic comes with 
a test report that includes a full set of docu-
mentation, including:

� Optical layout
� Recalculated sag table
� ������
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ods
� CGH induced scale deformation
� Alignment sensitivities
� Ghost analysis
� `�%��	
���;�
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� Error budget, especially showing the 
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squares and the results of their image 
analysis
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ZYGO is a worldwide supplier of 
optical metrology instruments, 
high-precision optical components, 
and complex electro-optical sys-
tems. Its products employ various 
optical phase and analysis tech-
niques for measuring displacement; 
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thickness. Electro-optics and optical 
components businesses leverage 
ZYGO’s expertise in optical design 
and assembly as well as high-vol-
ume manufacturing of precision opti-
cal components and systems for the 
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industrial markets. ZYGO is a busi-
ness unit within the Ultra Precision 
Technologies Division of AMETEK 
Inc., a leading global manufacturer 
of electronic instruments and elec-
tromechanical devices with 2020 
sales of more than $4.5 billion.
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