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Four Step MethodFour Step Method

I(x,y) = Idc + Iac cos[φ(x,y)+ φ(t)]
phase shiftphase shift

measured object phasemeasured object phase
I1(x,y) = Idc + Iac cos [φ (x,y)]      φ (t) = 0       (0°)

I2(x,y) = Idc - Iac sin  [φ (x,y)]             = π/2   (90°)

I3(x,y) = Idc - Iac cos [φ (x,y)]             = π (180°)

I4(x,y) = Idc + Iac sin  [φ (x,y)]             = 3π/2  (270°)
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Serious Problem in InterferometrySerious Problem in Interferometry

Vibration!!Vibration!!

Vibration is often the limiting factor Vibration is often the limiting factor 
in interferometry applications in interferometry applications 

•• TwymanTwyman--GreenGreen
–– Two beams have Two beams have 

orthogonal orthogonal 
polarizationpolarization

•• 4 Images formed4 Images formed
–– Holographic Holographic 

elementelement

•• Single CameraSingle Camera
–– 1024 x 10241024 x 1024
–– 2048 x 20482048 x 2048

•• Polarization used Polarization used 
to produce 90to produce 90--deg deg 
phase shiftsphase shifts Four Phase Shifted 

Interferograms on Detector

Phase Mask, 
Polarizer & 

Sensor Array

Holographic 
Element

Test 
Mirror

Optical Transfer 
& HOE

PBS Laser
Diverger

QWP CCD

4D PhaseCam Operation4D PhaseCam Operation
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Relative motion Relative motion 
between PhaseCam between PhaseCam 

and test objectand test object

Phase relationship is fixedPhase relationship is fixed

Effects of VibrationEffects of Vibration

Testing a 0.5 meter diameter, Testing a 0.5 meter diameter, 
20 meter ROC mirror20 meter ROC mirror



5

0.5 m0.5 m diameter mirror, 20 m ROCdiameter mirror, 20 m ROC
5 nm 5 nm rmsrms repeatability (in air)repeatability (in air)

0 deg                              44 deg                       88 deg

122 deg                            168 deg                      212 deg

266 deg                             310 deg                     360 deg

Phase Sweep at 408 HzPhase Sweep at 408 Hz
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Hard Disk Platter Excited by PZT Hard Disk Platter Excited by PZT 
at 408 Hzat 408 Hz

Hard Disk Platter Excited by PZT Hard Disk Platter Excited by PZT 
at 3069 Hzat 3069 Hz
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Surface SubtractionSurface Subtraction
Subtraction in interferogram domain (diffuse and specular surfacSubtraction in interferogram domain (diffuse and specular surfaces)es)
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A(t),B(t),C(t),D(tA(t),B(t),C(t),D(t)) AA00,B,B00,C,C00,D,D00

Stetson  Stetson  -- 8 frame phase8 frame phase--differencedifference

++
UnwrappingUnwrapping

•• Not necessary to solve for random phaseNot necessary to solve for random phase

Backplane Deformation HolderBackplane Deformation Holder
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Set Up for Backplane Deformation Set Up for Backplane Deformation 
MeasurementMeasurement

BackplaneBackplane
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Carbon Fiber DeformationCarbon Fiber Deformation

(Metrology for JWST Backplane)(Metrology for JWST Backplane)

••Vibration insensitive, quantitative interferometerVibration insensitive, quantitative interferometer
•• Surface figure measurement (nm resolution)Surface figure measurement (nm resolution)
•• Snap shot of surface heightSnap shot of surface height
•• Acquisition of Acquisition of ““phase moviesphase movies””

Still not perfectStill not perfect

Not easy to use multiple wavelength Not easy to use multiple wavelength 
or white light interferometryor white light interferometry

Conclusions Conclusions –– Single Shot Single Shot 
InterferometerInterferometer
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PixelatedPixelated Phase SensorPhase Sensor

•• Single frame acquisitionSingle frame acquisition
–– High speed and high throughputHigh speed and high throughput

•• AchromaticAchromatic
–– Works from blue to NIRWorks from blue to NIR

•• True Common Path True Common Path 
–– Can be used with white lightCan be used with white light

test ref

RHCLHC

Circ. Pol. Beams (∆φ)   +  linear polarizer (α) cos (∆φ + 2α) 

PhasePhase--shift depends on polarizer angleshift depends on polarizer angle

Use polarizer as phase shifter
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Polarizer arrayPolarizer array
Matched to Matched to 

detector array detector array 
pixelspixels

α=α=45, 45, φφ=90=90

α=α=0, 0, φφ=0=0

α=α=135, 135, φφ=270=270

α=α=90, 90, φφ=180=180

Unit CellUnit Cell

Array of oriented Array of oriented micropolarizersmicropolarizers

•• Similar to spatial carrier but Similar to spatial carrier but 
•• true common path true common path 
•• fixed carrier periodfixed carrier period

T

R

Mask

Polarization 
Interferometer

Sensor

ArrayArray
matched to matched to 

detector array detector array 
pixelspixels

Unit CellUnit Cell900

270180

Array of phaseArray of phase--shift elements shift elements 
unique to each pixelunique to each pixel
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Test MirrorTest Mirror

QWPQWP
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SourceSource
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PhasePhase--ShiftedShifted
InterferogramsInterferograms

Reference Reference 
MirrorMirror

QWPQWP

System ConfigurationSystem Configuration

Mirror and interferometer on separate tables!Mirror and interferometer on separate tables!

Measurement of 300 mm diameter, 
2 meter ROC mirror



13

Air burst Air burst 
Phase w/reference subtractionPhase w/reference subtraction

Measurement ResultsMeasurement Results

•• Single frame acquisitionSingle frame acquisition
-- High speed and high throughputHigh speed and high throughput

••AchromaticAchromatic
–– works from blue to NIRworks from blue to NIR

•• True Common Path True Common Path 
–– Can be used with white lightCan be used with white light

•• Fixed CarrierFixed Carrier
–– Faster processing and Faster processing and calibcalib..

•• Compact Compact 
–– no bigger than camerano bigger than camera

•• Versatile Versatile 
–– can be interfaced to many interferometercan be interfaced to many interferometer

configurationsconfigurations

PixelatedPixelated Phase Sensor Phase Sensor 
AdvantagesAdvantages
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Thank you!Thank you!


