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Introduction

« During last years large investments have been directed to
development and research of micromechanical and
nanotechnological products
All quantitative measurements at micro- and nanometre scale
- inresearch: accuracy and reliability of results
- in production industry: checking critical dimensions against
tolerance limits
should be traceable to the definition of the metre

2 Guarantees accurate and commensurate results and high
quality

+ Laser interferometry is used to transfer the metre from the
realisation to actual measurements .
- In interferometric measurements at nanometre scale, one of the

main uncertainty components is a periodical non-linearity of the
laser interferometer [1-3]

* MIKES’ metrological AFM project
- to realise traceable scale in the nanometre region
- to offer related calibration and measurement services
-> Straightforward source of traceability for Finnish economy and
science community
- Target uncertainty level ~1 nm with sub-nanometer resolution

- Non-linearity of the laser interferometer is minimised by
described self-calibration method

Self-calibration method

* Interferometrically traceable AFM at MIKES
- Planned to allow simultaneous measurements of
position of the scanning stage by
+  3-D heterodyne interferometer
+ capacitive sensors
Different natures of non-linearities the inter-
F ferometer and capacitive sensors are used to
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Self-calibration scheme
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Non-linearity of capacitive
sensors

« Inherently linear devices
< Practical capacitive sensors are not ideal
- Non-periodical non-linearity
« Caused by
- edge effects
- plate tilt
- flatness
stray capacitance

Non-linearity of a laser
interferometer

Periodical with a period proportional to a fraction of the
used wavelength
Carefully studied [4]
Caused by

- elliptically or non-orthogonal polarised laser beams

- rotational errors in the set-up

- different transmission coefficients in the beam splitter

- errors in phase detection
May vary in time depending on small variations in e.g.
optical alignment, ambient or material temperature or
frequency of the laser

.

* The non-linearity may be from sub-nanometre range to
a magnitude of 10 nm, depending on set-up
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Conclusions

* Non-linearity of the interferometers
- affects laser interferometric distance measurements at
nanometre range
Self-calibration method developed
- utilises different natures of non-linearities of laser
interferometers and capacitive sensors
Periodical non-linearity of laser inferferometer was
reduced in worst case from 4 nm to 0.4 nm and in well
aligned case from 0.4 nm to 0.1 nm
« Automated self-calibration can be repeated as often as
feasible
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