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Part 7Part 7
Absolute MeasurementsAbsolute Measurements

•• Absolute measurement of flatsAbsolute measurement of flats

•• Absolute measurement of spheresAbsolute measurement of spheres

•• Absolute measurement of surface Absolute measurement of surface 
roughnessroughness
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Absolute Surface ShapeAbsolute Surface Shape
MeasurementMeasurement

•• Removing system aberrations & Removing system aberrations & 
reference surface effectsreference surface effects

•• Improves measurement accuracyImproves measurement accuracy

•• Tests forTests for
–– FlatsFlats
–– SpheresSpheres
–– Surface roughness Surface roughness 
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Measurements Required forMeasurements Required for
ThreeThree--Flat TestFlat Test
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ThreeThree--Flat Test EquationsFlat Test Equations

Make 4 MeasurementsMake 4 Measurements

GAB(x,y) = fA(x,y) + fB(-x,y)

GAC(x,y) = fA(x,y) + fC(-x,y)

GBC(x,y) = fB(x,y) + fC(-x,y)

GBC'(x,y) = fB(-x,-y) + fC(-x,y)
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ThreeThree--Flat Test Flat Test -- X LineX Line
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ƒA(x,0) = 2
GAB(x,0) + GAC(x,0) - GBC'(x,0)

ƒC(x,0) = 2
- GAB(x,0) + GAC(x,0) + GBC'(x,0)

ƒB(x,0) = 2
GAB(x,0) -  GAC(x,0) + GBC'(x,0)
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ThreeThree--Flat Test Flat Test -- Y LineY Line
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ƒA(0,y) = 2
GAB(0,y) + GAC(0,y) - GBC(0,y)

AB AC BC

ƒC(0,y) = 2
- GAB(0,y) + GAC(0,y) + GBC(0,y)

ƒB(0,y) = 2
GAB(0,y) -  GAC(0,y) + GBC(0,y)
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ThreeThree--Flat Test Flat Test -- Flat AFlat A
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ThreeThree--Flat Test Flat Test -- Flat BFlat B



2007 - James C. Wyant Part 7  Page 9 of 23

ThreeThree--Flat Test Flat Test -- Flat CFlat C
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Absolute Sphere TestingAbsolute Sphere Testing

•• Separate interferometer errors Separate interferometer errors 
from errors in spherical mirror from errors in spherical mirror 
being tested.being tested.

•• Three measurements required.Three measurements required.
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Absolute Sphere TestingAbsolute Sphere Testing
(Measurements Required)(Measurements Required)

W0°

W180°

Wfocus
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Absolute Sphere TestingAbsolute Sphere Testing
(Equations)(Equations)
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Single Measurement of SphereSingle Measurement of Sphere
TILT, POWER REMOVEDTILT, POWER REMOVED
INTERVAL = 0.025INTERVAL = 0.025
RMS = 0.014 WAVESRMS = 0.014 WAVES
PP--V = 0.121 WAVESV = 0.121 WAVES

FIZEAU INTERFEROMETER, F/1.1 REF. SPHEREFIZEAU INTERFEROMETER, F/1.1 REF. SPHERE
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Flat at Focus f/1.1 DivergerFlat at Focus f/1.1 Diverger
TILT, POWER, COMA REMOVEDTILT, POWER, COMA REMOVED
INTERVAL = 0.05INTERVAL = 0.05
RMS = 0.027 WAVESRMS = 0.027 WAVES
PP--V = 0.243 WAVESV = 0.243 WAVES
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Absolute ReferenceAbsolute Reference
TILT, POWER REMOVEDTILT, POWER REMOVED
INTERVAL = 0.025INTERVAL = 0.025
RMS = 0.010 WAVESRMS = 0.010 WAVES
PP--V = 0.084 WAVESV = 0.084 WAVES
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Absolute Measurement of SphereAbsolute Measurement of Sphere
TILT,POWER REMOVEDTILT,POWER REMOVED
INTERVAL = 0.025INTERVAL = 0.025
RMS = 0.011 WAVESRMS = 0.011 WAVES
PP--V = 0.081 WAVESV = 0.081 WAVES
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RMSmeas= RMStest
2 +RMSref

2

Absolute Surface RoughnessAbsolute Surface Roughness
Measurement AssumptionsMeasurement Assumptions

•• Surface height is randomSurface height is random
•• Statistics do not vary over surfaceStatistics do not vary over surface
•• Each measurement = Test + ReferenceEach measurement = Test + Reference
•• Test and reference uncorrelatedTest and reference uncorrelated
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Effect of Reference Surface onEffect of Reference Surface on
MeasurementMeasurement

Error in measured rms for 5 A rms
reference surface

Rms roughness of test surface (A) 
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Subtraction of Errors due to Subtraction of Errors due to 
Reference SurfaceReference Surface

•• Perfect mirrorPerfect mirror
•• Generate referenceGenerate reference
•• Absolute rms measurementAbsolute rms measurement
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Generate ReferenceGenerate Reference

•• Average many measurementsAverage many measurements
•• Move random surface > correlation Move random surface > correlation 

length between measurementslength between measurements
•• Effects of random surface reduce as Effects of random surface reduce as 

square root of number of square root of number of 
measurementsmeasurements
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Generate Reference and SubtractGenerate Reference and Subtract
Surface + ReferenceSurface + Reference ReferenceReference

SurfaceSurface
(0.071 nm) (0.071 nm) 
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Absolute RMS MeasurementAbsolute RMS Measurement
•• Make 2 measurements where surface moved > Make 2 measurements where surface moved > 

correlation length between measurementscorrelation length between measurements
•• Subtract measurements and divide by square root of 2Subtract measurements and divide by square root of 2
•• Reference cancels and obtain Reference cancels and obtain 
•• RMS of test surfaceRMS of test surface

Diff = Test1+(−Test2)

RMSTest=
1

RMSDiff2
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Generate Reference and Generate Reference and 
Absolute RMS ComparisonAbsolute RMS Comparison

Generate ReferenceGenerate Reference Absolute RMSAbsolute RMS

RMS = 0.071 nmRMS = 0.071 nm RMS = 0.070 nmRMS = 0.070 nm


