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Introduction  
Aspheric lenses are an important class of optical elements because they allow for correction of 
aberrations in optical systems.  A problem of interest in optical design is to develop new approaches for 
fabrication and testing of aspheric elements.  The two approaches for testing aspheric surfaces 
suggested in this paper are: 

• Using an array of coherent point sources to generate many testing wavefronts [1-3] 
• Using a diffractive element as a null-optic in a chromatic Fizeau interferometer [4] 

Testing with Multiple Illumination Sources 
The main challenges for interferometric testing of aspheres include: resolving the extremely high fringe 
density and reducing vignetting.  A computer generated hologram (CGH) can be used in a null test to 
cancel the wavefront produced by the aspheric surface [5-7].  In this method each type of surface under 
test requires fabrication of a new CGH, which could be costly and time consuming.  The first method 
proposed in this paper is based on a modified Twyman-Green interferometer shown in Figure 1.  

 

Figure 1.  Experimental Setup  
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The test beam of the interferometer is incident on a diffractive optical element point source array (PSA) 
consisting of a microlens array (MA) and a pinhole array (PA) fabricated in a monolithic package.  The 
PSA generates a two dimensional array of point sources and mask (M) moves over the array and select a 
particular set of points.  Lens L2 collimates these sources producing a set of wavefronts with different 
tilts.  This set of wavefronts is reflected off of the aspheric element T and imaged by lens L3 onto the 
detector C.  The reference beam is focused by lens L1 in the aperture B.  This wavefront is then 
collimated by lens L3 and combined with the test wavefront on the detector.   

 

Figure 2.  (a) Selection mask (M) moves over PSA in the x and y direction (sources indicated with white are 
active); (b) interferograms of active sources as seen on the camera  

With this method the interferometer has to be calibrated in order to separate the contribution of the 
interferometer itself and the aspheric surface being tested.  For each point source a reference sphere is 
placed in the test space; the position of the sphere is adjusted to obtain the minimum number of fringes 
on the detector.  This data is used in an optimization process to derive the parameters that describe the 
aberrations of the interferometer.  To test an asphere surface, corrections are calculated for these 
parameters in order to match the measured phase on the detector.   
The results for an asphere surface with deviation of 900 µm from its best fit sphere and 1 µm from its 
design description reveal measurement accuracy on the order of ~0.13𝜆 peak-to-valley (PV).  To 
calibrate this measurement a reference sphere with an accuracy of 𝜆/20 was used in 90 test space 
positions.  The accuracy is limited by mechanical stability of the interferometer; the high frequency 
details of aspheric surface are not modeled by this method. 
 

 

Figure 3.  (a) The measurement error is approximately ~𝟎.𝟏𝟑𝝀 PV; (b) Cut along the line AA’ 

(a) (b) 
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Testing with Chromatic Fizeau Interferometer  
With this method the authors propose using a tunable laser in a Fizeau interferometer to test aspheric 
elements.  The setup is shown in Figure 4 with a diffractive optical element (DOE) as a null optic.  
Varying the laser wavelength changes the diffraction angle at the DOE and consequently the incident 
angle at the asphere.  Each wavelength allows for measuring a different part of the asphere in the null 
test.    

 

Figure 4.  Chromatic Fizeau interferometer 

To show the principle behind this method, the measurements of four aspheric surfaces are simulated.  
These aspheres have a potential application for the extreme ultra violate (EUV) lithography systems and 
they are all measured in the same setup.  The parameters of this setup are adjusted such that the only 
variables are the wavelength and the distance between DOE and the asphere surface.  A set of design 
constraints were put in place and a MATLAB program was implemented to determine solutions with the 
smallest measurement errors.  The algorithm used for calculating measurement errors is shown in 
Figure 5.  The ray tracing is done in ZEMAX and the diffraction orders up to the 20th order are included.   

 

Figure 5.  Diagram for optimization of measurement errors 

Some of the constraints and simplifications in this simulation are: 
• Cost of the DOE – to keep the cost down the line density is less than 550 line pairs per millimeter 

and the maximum diameter is less than 105 mm.   
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• Simulation of the aspheric form – to simplify the calculation the primary spherical aberration is 
used to simulate the aspheric form.   

The number of measurements for each aspheric surface is determined by equation (1), where A is 
asphericity, 𝜆 is the central wavelength, and N is the maximum number of fringes allowed in each 
measurement [19]: 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑠 =  
64𝐴
3𝜆𝑁

 (1) 

The requirement for the detector is set by the minimum zone width which can be calculated with the 
number of pixels P over the aperture: 

𝑀𝑖𝑛𝑖𝑚𝑎𝑙 𝑍𝑜𝑛𝑒 =  
𝑃𝑁𝜆
128𝐴

 (2) 

In testing each asphere the distance between the DOE and the asphere changes to accommodate for the 
size of the DOE.  Concave aspheres are measured in minus one diffraction order.  Convex aspheres are 
measured in plus one diffraction order on the way to the asphere and plus one order on the way back, 
(+1/+1).  The drawback in this method is that other combinations of diffraction order are not completely 
blocked by the aperture and will disturb the measurement.  For example the diffraction order (+1/+1) is 
disturbed by (+3/+3) at the wavelength of 820 µm as shown in Figure 6.  To reduce this error the 
MATLAB program calculates and evaluates the error and changes the system parameters, this 
optimization process is shown in Figure 5.   

 

Figure 6.  Combination of diffracted orders along the radius of an asphere; notice the distortion of the 
(+1/+1) measurement by the (+3/+3) order at 820 µm 

Simulation Results  
The distance from laser to DOE is set at 1100 mm and asphere No. 2 is placed in the test space at a 
distance of 333 mm from the DOE.  Simulation of this case shows that the number of error sources 
increase near the optical axis.  The varying intensity of different diffraction orders results in a non linear 
distribution of measurement error as a function of the number of unwanted diffraction orders, which is 
shown in Figure 7a.  To correct for the large error near axis a small blocking aperture is placed on the 
optical axis, the improvement in the error distribution can be seen in Figure 7b.  This error can also be 
mitigated by using a larger DOE or an iterative algorithm that removes the disturbance computationally.  
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 Figure 7.  (a) Distribution of unwanted diffraction order along the radius; (b) Distribution of unwanted 
diffraction order along the radius after using a small blocking aperture on the optical axis 

Table 1 lists the position of each of the four aspheres from the DOE along with the lateral resolution 
using a 4 megapixel camera, the wavelength range, and the central radius. 

Table 1.  Parameters for measurement of four EUV aspheres 

 

Conclusions 
In this paper two methods were proposed for testing aspheres.  In the first method, the aspheric surface 
was illuminated with an array of point sources in an interferometer.  The advantage of this method is 
that, once the interferometer is calibrated, the aspheric surface measurements can be made extremely 
fast.  The second method proposed is a chromatic Fizeau interferometer which is only simulated in this 
paper.  This method offers flexibility as there are no moving parts, and it has been shown that four 
aspheres can easily be tested by adjusting the distance of the asphere relative to the DOE in the setup. 

(a) (b) 
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