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Measurements in a Flash! 
 
Interferometric measurements in a poor environment are challenging to say the least. Whether measuring a 
long cavity telescope or attempting to use a system on the production floor, the environment plays a major 
role in the performance of an interferometer.  Vibration and air turbulence can be so severe as to prevent a 
traditional phase shifting measurement.  While Zygo’s GPI/Verifire systems provide the highest accuracy 
and performance available, standard phase shifting acquisition is often simply too slow to meet the 
challenges presented by an unstable environment.   
 

Enter FlashPhase™ 
 
Zygo’s answer to these challenging environments is a new acquisition method called FlashPhase™.  Unlike 
our standard measurement methods where multiple frames of intensity are combined to produce a surface or 
wavefront map, FlashPhase™ extracts the phase information from just a single frame.  Using a proven 
technique based on Fourier analysis of the intensity data, FlashPhase™ extends the capabilities of our laser 
interferometer systems allowing our customers to take phase measurements in harsh environments.  Unlike 
other hardware based approaches for high speed acquisition, FlashPhase™ does not sacrifice the high end 
performance inherent in traditional phase shifting interferometry. 
 
The technique, although computationally complex, is very fast on today’s powerful computers and can be 
implemented on nearly any of our phase measuring interferometers in the field.  In addition, Zygo’s higher 
performance systems (GPI HS & Verifire AT), with their digital cameras, can be shuttered via MetroPro™ 
for data acquisition times that are a fraction of their standard 60Hz (16.663msec) camera frame rates.  In 
fact, one of these shutter-able FlashPhase™ enabled systems can even be used without a vibration isolation 
table. 
 

Why FlashPhase? 
 
There are numerous techniques available for high speed phase acquisition and Zygo considered a number of 
them.  However, there were three primary goals behind developing a high speed measurement technique.  
First, we wanted an affordable alternative to the more hardware oriented solutions available.  Second, we 
wanted a solution that could upgrade existing systems allowing our customers to extend their investment.  
And finally, we did not want to sacrifice the high performance capability of our systems.  Zygo has spent 
more than 30 years establishing itself as the worldwide leader in interferometry and many existing users that 
wish to take advantage of FlashPhase™ under certain application conditions will continue to demand the 
most from their Zygo interferometers.  FlashPhase™ meets all of these demands in the form of a cost 
effective upgrade that allows the user to choose the new acquisition method when the need arises.  Zygo is 
the only company that offers both capabilities (high precision & high speed) in one system.   
 
The Technology. 
 
The fringe pattern obviously contains phase information of the surface or wavefront under test.  While 
traditional “fringe center” analysis provides the ability to capture a frame quickly, it suffers from a lack of 
lateral resolution and phase precision, and generally does not meet the demands of most applications.  
Fourier transforms provide us with the tools necessary to extract high lateral and vertical phase information 
from a single frame.   
 
Once we capture the intensity information, we apply a 2D Fourier Transform and generate a complex spatial 
frequency map.  The 1st order signal is isolated and an inverse 2D Fourier Transform is performed to extract 
the phase of each pixel on the map.  We then convert to surface/wavefront height.  This process is shown in 
the sequence of plots below.  Thus, a relatively small number of high level mathematical steps combined 
with the computational power of today’s computers provide the means to make very fast phase 
measurements in environments where traditional phase shifting interferometry is not possible.     



 

15 Fringes of Tilt 

30 Fringes of Tilt 

45 Fringes of Tilt 

2D Fourier Transform Filter Generation Apply Filter Inverse FT and Convert to Phase 

Complex Spatial 
Frequency Map 

Acquire Intensity Frame Isolated 1st Order Signal Surface/Wavefront Map Filter 

Phase with Vibration 

Phase – Stable FlashPhase™ - Stable 

FlashPhase™ with Vibration 

 
The correlation between FlashPhase™ and standard phase measurements is surprisingly good.  The plots to 
the left  show a comparison between phase shifting and FlashPhase™ measurements in both quiet and 

“noisy” environments.  Both FlashPhase™ 
measurements are nearly identical to the “quiet” 
phase shifting measurement whereas the 
traditional method obviously suffers in the 
presence of vibration.  Naturally, as with any 
interferometric measurement, there are 
numerous setup parameters (number of fringes, 
light level, vibration frequency, etc ) and 
controls (shutter speed, filter selection, 
averages, etc) that will effect the data 
collection/analysis accuracy of the 
measurement.  However, the default settings in 
MetroPro™ should provide reasonable results 
for each type of system enabled with 
FlashPhase™ and only 
require minor adjustments, 
if any, to achieve 
repeatable results.    
 
 
 
 
 
 

Error Correction 
 
In order to extract the phase information from the intensity data, it necessary to isolate 
the 1st order spatial frequencies from the other orders (DC, 2nd, 3rd …).  This is 
accomplished by inducing an amount of tilt in the aperture.  This is what is referred to 
as “spatially separating: the phase information.  The more tilt, the further the orders will 
be separated, making isolation of the 1st order signal easier and the measurement 
process more robust (see plots to the right).  However, since interferometers are 
typically designed to measure on axis (i.e. null fringes) the necessary tilt can induce 
errors that must be corrected to achieve the highest accuracy measurements.  The 
amount of correction necessary is a function of the zoom setting (if one is available), 
the speed of the transmission element, and the amount of tilt in the aperture.  However, in many instances, 
such as large apertures (>12”) should not require any correction in order to achieve reasonably accurate 
results (< λ/10). 
 



 

Phase @ Null 

- 

Correction 
File 

= 

Phase w/Tilt 

Generating a correction file is a straightforward process that makes use of the System Error Subtraction 
capability in MetroPro.  A correction file must be generated for each Transmission Element and each zoom 
setting.  The following details the steps necessary to generate a correction file: 
 

1. Set up the part to be tested   
2. Adjust Zoom to desired setting 
3. Insert reference element, keeping zoom fixed 
4. Take a standard Phase measurement with zero tilt and save the data (e.g. PhaseNull.dat) 
5. Adjust cavity tilt to the desired number of fringes across the aperture 
6. Take another Phase measurement and save the data (e.g. PhaseTilt.dat) 
7. Subtract the first measurement from the second and save the resulting data set as your correction file 

(e.g. Correction.dat).  The plots below are an example of this process. 
 

 
  
 
 
 
 
 
Once generated for a particular part to be tested, that same correction file can be used for all subsequent 
measurements as long as the zoom setting is not changed.   
 

Alignment Aid 
 
The correction files have been used to show extremely good correlation between FlashPhase™ and standard 
phase measurements.  However, in order to apply the correction file accurately, the amount and direction of 
the tilt must be the same for the test piece as used to generate the correction file.  To make this easier, we’ve 
built in an aid to assist the operator with alignment.  As part of the Live Display window, the software 
monitors the fringe pattern as the operator adjusts the tilt of the part (or reference) until the box covers the 
crosshair.  The pictures below show the FlashPhase Align and Fringe modes of the Live Display: 

By using this aid, the user will get the accuracy and consistency expected from a Zygo instrument.   
 

Conclusion 
 
Historically, Zygo’s interferometers have been reserved for stable environments such as Quality Control and 
R&D labs.  This restricted the applications and usefulness of interferometry to quiet environments.  
FlashPhase™ now provides the means necessary to implement laser interferometry in a variety of new 
applications.  Zygo interferometers can now be used on the production floor, installed for in situ testing, and 
provide phase measurements on very large aperture systems without the need for a phase modulator.       

Null Target Tilt 

Target FlashPhase 
Align 
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