
www.Luphos.de 

Ultra-high precision non-contact 
distance measurement using 

multi-wavelength interferometry

J. Petter, R. Nicolaus, A. Noack, T. Tschudi

Luphos GmbH

Darmstadt

Laser Optics Berlin

18th March 2008



www.Luphos.de 

Structure / Content

• Ultraprecision-measurement in Nanotechnologie

• Measurement „State of the art“

• Optical distance sensors

• Multi-Wavelength-Interferometer as high precision ruler  

- Technology

- System

- Measurement sample

• Conclusion



www.Luphos.de 

Milling maschine around 1900

Motivation

High precision manufacturing processes in all kinds of fabrication

Multi-axis milling machines
with sub-micrometer accuracy

Lithographic wafer processing
requires nanometer positioning

Ultra-high precsison grinding
for optical surfaces

Milling maschine today =>    Growing demand of 

measurement with ultra high resolution
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Applications for high precision measurement

� 3D - micro – structures

� Ultraprecision grinding and milling
(e.g. diamond grinding) 

Axis - alignment, Calibration

� Wafer technologie: 
Wafer control (faults, flatness, 
Positioning of lithographic systems 
Assambling and alignment of 
EUV-(X-ray) illumination systems

Grinded mirrors (Photo: thomasnet)Wafer inspection (Photo: microsensor)
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High precision measurement – State of the art

Mechanical techniques

� Atomic Force Microscopy

� Mechanical caliper (e.g. Renishaw)

Optical techniques

� Glas ruler

� Stripe projection

� Chromatic sensors

� Phase-Deflectometry

Magnetical and electrical techniques

� Inductive and capacitive sensors

Photo by initial

Common disadvantages :

• Contact can lead to damage 
of the surface (mech. systems)

• small working distance

• small dynamical range

• low sensitivity



www.Luphos.de 

Advantages of optical measurement:

� Small and absolute reference
(wavelength in the range of sub-micrometer)

� Non-contact measurement
(preventing damage)

� Fast measurement
(limited by electronics only)

� Not influenceable by
electric or magentic fields

� Can be applied in vacuum
and low temp environment

Luphos optical sensor
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Optical distance measurement – common techniques:

� Time of flight

� Interferometer (1D)

� White-Light interferometer

� Chromatic sensors

� Triangulation

� Image processing

� Autofocus

� Multi-wavelength interferometer
Time of flight measurement  Photo: oulun

Chromatic distance sensor   Grafic by precitec

Autofocus measurement  Photo: solaris
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Multi - wavelength interferometer (MWLI)

Distance is measured by different wavelengths 
(l 1 – l x) simultaneously.

=>   Dx = 0.5 nm 
for each measurement

Interferometric signals of all wavelengths 
are combined mathematically

=>  Range of unambiguisness is stretched 
to several millimeters

Absolut distance measurement with an 

enlarged dynamic range while the resolution is kept !
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Muli – Wavelength - Interferometer (MWLI)

Measurement principle

Working range:

L = ½ (l 1 * l 2) / (l 2 – l 1)

Resolution / precision :

Dx = 2p * (j 1/l 1 + Dj 1/L + ..)
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Sensorhead of the MWLI

Muli – Wavelength - Interferometer (MWLI)

Sketch of setup
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Topology of a diamond-grinded mirror

• Measurement distance: d > 25 mm

• Scanning range: x = 10 mm

• Scanning speed:  t = 0,5 mm/s
Topology of a grinded mirror
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Topology of a diamond-grinded mirror
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Topology of a diamond-grinded mirror
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Resolution of the MWLI  - Comparison

Working distance: 25 mm

Resolution:  10 nm

=>  Ratio  1 : 2.500.000 
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Conclusion

• Higher demand in ultraprecision-measurement in many
manufacturing processes and quality control

• Optical measurement preferred

• Multi-Wavelength-Interferometer

MWLI as high precision ruler

- contactless

- highly resolved (nm)

- large working distance (cm)

- absolute measure

- small and flexible
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LUPHOS – Contact

LUPHOS GmbH

Landwehrstr. 55

64293 Darmstadt

Tel.: +49 6151 / 99 26 814

Fax: +49 6151 / 99 26 815

Mail: info@luphos.de

Internet: www.luphos.de
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Modell MWLI - L 1

System MWLI

Wavelength ~ 1550 nm 

Absolute measurement range 2 mm

Measurement distance
500 µm  – 1m

(larger distance possible)

Resolution (longitudinal) 0,5 nm

Precision 5 nm

Spotsize 10 - 25 mm

Resolution (lateral) < 10 mm

Measurement range (lateral) Unlimited (scanning)

Numerical Apertur 0,1 - 0,8

Angle to surface
90°± 50°(

high angles with rough surfaces)

Surfaces polished, rough, opaque

Measurement speed (max.) upto 5000 Hz

Multi - wavelength interferometer (MWLI)

Parameter:


