
Height and vibration

measurements of spiral-shaped

accelerometers

INTRODUCTION

In this application note, we demonstrate the capabil-

ities of SmarAct’s PICOSCALE Vibrometer to measure

the topography and vibrational modes of a prototypic

spiral-shaped acceleration sensor. Both pieces of infor-

mation can be used to validate fabrication processes

or to calibrate the electric response of such sensors.

RESULTS

Height measurement

With interferometry, displacements can be measured

with very high accuracy which is the foundation for

vibration measurements. However, also when the

sample is stationary, the interferometer will still report

a displacement when the measurement laser moves

from one pixel to the next. This displacement reports

the difference in height between both pixels (more

accurately, the difference in distance between the sen-

sor head and each of the pixels). When the sample

is continuous and reflective it is in principle possible

to track the changes in distance and to reconstruct

a height image. In practice this method is prone to

errors because the correlation between the pixels is of-

ten lost due to discontinuities and non-reflective parts

in the sample. The information that remains is a so-

called wrapped height image, in which each pixels has

a height from 0 to 2π (which can be mapped from zero

to half the laser wavelength). Through phase unwrap-

ping algorithms, also used in the topographic map-

ping from radar interferometry data, it is possible to

resolve the 2π ambiguity and to reconstruct the height

image. In the PICOSCALE Vibrometer VIEW software,

efficient phase unwrapping algorithms are included

which allow the reconstruction of an height image with

one mouse-click. 1a shows a reflection image of the

spiral-shaped accelerometer and the original wrapped

recording and 1b shows the reconstructed height im-

age. It can be seen that the accelerometer is not flat:

the outer arms of the spiral are about 25µm higher

than the substrate while the spiral core extends about

10µm above it.

Vibration measurement

Accelerometers measure acceleration, information

that allows to understand the surrounding of the de-

vice. For sensitive applications, these sensors have to

be fully characterized to minimize the chance of misin-

terpreting the data. SmarAct’s PICOSCALE Vibrometer,

in combination with the standard shaker stage, is a

(a) Microscopy images of the accelerometer.

(b) Height unwrapping.

Figure 1. a) The size of the scan is 2.5x2.5mm. Left: reflection

image, Right: wrapped height image. This interferometric image

was recorded simultaneously with the reflection image. b) the

reconstructed height image obtained by a phase-unwrapping

algorithm. The spiral is not flat, the center extends about 10 µm

above the surrounding substrate, whereas the outer arms of the

spiral are about 25 µm higher.

great tool to do just that. Here, the accelerometer was

positioned on top of the active surface of the stage

which was then excited using the internal signal gen-

erator of the vibrometer. After measuring the local

vibrations of the sensor at its center, few resonances

were visible and we moved on in performing modal

analyses. A standard modal analysis consists in excit-

ing the sample at one specific frequency while imaging

the amplitude and phase of vibrations on-the-fly us-

ing the internal lock-in amplifier. For this application,

the accelerometer was actuated successively at 2 kHz,
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4 kHz, 14 kHz and 46 kHz. While trained users can di-

rectly correlate the amplitude and phase images to a

given vibrational mode, it is sometimes easier to first

combine both pieces of information and reconstruct

a deflection image. 2 shows the deflection images for

each resonance as reconstructed by the PICOSCALE

Vibrometer VIEW software. The first bending mode was

retrieved at 2 kHz which defines the actual bandwidth

of this prototype.

Figure 2. Modal analyses of a spiral-shaped accelerometer. The

deflection images combine both amplitude and phase images

that are recorded on-the-fly while imaging.

Conclusion

Height measurements in correlation with modal anal-

yses allow to further characterize and specify vibrat-

ing structures. During the prototyping process, these

pieces of information are crucial to actually confront

simulations which are usually based on models that

do not necessarily comply with the sample shape nor

behavior.

In an iterative process, the simulations can be refined

and the production optimized, leading inevitably to

increased performances.

Acknowledgment

We thank the Institute of Technical Physics & Mate-

rial Sciences - Centre for Energy Research - Hungarian

Academy of Sciences for their support with this appli-

cation note.

www.smaract.com | Page 2Application Note - AN00025 - 1.1



Contact

Germany

SmarAct Metrology

GmbH & Co. KG

Rohdenweg 4

D-26135 Oldenburg

Germany

T: +49 (0) 441 - 800879-0

Email: metrology@smaract.com

www.smaract.com

France

SmarAct GmbH

Schuette-Lanz-Strasse 9

26135 Oldenburg

Germany

T: +49 441 - 800 879 956

Email: info-fr@smaract.com

www.smaract.com

USA

SmarAct Inc.

2140 Shattuck Ave. Suite 302

Berkeley, CA 94704

United States of America

T: +1 415 - 766 9006

Email: info-us@smaract.com

www.smaract.com

China

Dynasense Photonics

6 Taiping Street

Xi Cheng District,

Beijing, China

T: +86 10 - 835 038 53

Email: info@dyna-sense.com

www.dyna-sense.com

Natsu Precision Tech

Room 515, Floor 5, Building 7,

No.18 East Qinghe Anning

Zhuang Road,

Haidian District

Beijing, China

T: +86 18 - 616 715 058

Email: chenye@nano-stage.com

www.nano-stage.com

Shanghai Kingway Optech

Co.Ltd

Room 1212, T1 Building

Zhonggeng Global Creative Center

Lane 166, Yuhong Road

Minhang District

Shanghai, China

Tel: +86 21 - 548 469 66

Email: sales@kingway-optech.com

www.kingway-optech.com

Japan

Physix Technology Inc.

Ichikawa-Business-Plaza

4-2-5 Minami-yawata,

Ichikawa-shi

272-0023 Chiba

Japan

T/F: +81 47 - 370 86 00

Email: info-jp@smaract.com

www.physix-tech.com

South Korea

SEUM Tronics

# 1109, 1, Gasan digital 1-ro

Geumcheon-gu

Seoul, 08594,

Korea

T: +82 2 - 868 10 02

Email: info-kr@smaract.com

www.seumtronics.com

Israel

Optics & Motion Ltd.

P.O.Box 6172

46150 Herzeliya

Israel

T: +972 9 - 950 60 74

Email: info-il@smaract.com

www.opticsmotion.com

www.smaract.com | Page 3Application Note - AN00025 - 1.1



SmarAct Metrology GmbH & Co. KG develops sophisticated equipment to serve high accuracy positioning and

metrology applications in research and industry within fields such as optics, semiconductors and life sciences.
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measurements to powerful electrical nanoprobers for the characterization of smallest semiconductor technology

nodes – is completed by turnkey scanning microscopes which can be used in vacuum, cryogenic or other harsh

environments.

We maintain the complete production in house for a high level of customization so that we can always provide

you the optimal individual or OEM solution. We also offer feasibility studies, measurement services and

comprehensive support to accompany you along your projects.
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