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INTRODUCTION

Accurate positioning of a sample is one of the core
challenges in today's high-precision manufacturing
and research. The standard approach is to control the
position using a high precision positioning system with
integrated position feedback. However, the sample
can be mounted quite far away from the integrated
sensor, so that possible drifts cannot be controlled
with the desired accuracy.

The PICOSCALE Interferometer can be used to measure
at (or at least very close to) the point of interest (POI).
It uses an infrared laser beam which is reflected off a
target surface to create an interference pattern. This
pattern is evaluated and contains the information on
the target's displacement. As the resolution and accu-
racy is typically far beyond that of linear encoders that
use periodic patterns on glass scales, positioning of
samples can be brought to a new level of precision.

INTERFEROMETRIC DISPLACEMENT
SENSING

The PICOSCALE Interferometer's core components are
the controller with a laser source and a sensor head,
which is connected via an optical fiber. The sensor
head contains a beam splitter as the central part of a
Michelson interferometer, where the reference mirror
can be directly coated to one of the beam splitters side
surfaces. The measurement beam exits the sensor
head and must be aligned to a target surface so that
the reflected light enters the sensor head again. This
way the reflected beam from both the reference and
target mirror can interfere. The interference pattern
is guided back into the controller and evaluated using
high speed detection electronics and fast algorithms.
As a result, a displacement signal with picometer reso-
lution and an accuracy in the single digit nanometer
regime is provided. (For details on the specifications
please refer to the corresponding specification sheets
of the controller and the sensor heads.)

The displacement signal is available for further pro-
cessing in several ports:

* The displacement data or other derived data
sources such as velocities, calculated angles or
timing signals can be sent to a user PC for analy-
sis or post-processing. A feedback-loop can be
closed using software.

* Using the PICOSCALE Breakout Box, displace-
ment data are available as quadrature signals
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(AquadB) or can be received via a serial data in-
terface. The feedback loop can be closed on a
hardware level.

Using the SmarAct Sl interface, the position data
can be directly sent to SmarAct's modular control
system MCS2, which can use the data for direct
and low latency feedback to control a SmarAct
positioner.

In the following we will describe the last approach.

CLOSED-LOOP CONTROL USING
PICOSCALE AND MCS2

To demonstrate the functionality, an exemplary setup
has been realized. A schematic of the setup is shown
in Figure 1 and a photograph is shown in Figure 2.

PICOSCALE
©00

b)

9}

[ d)
MCS2

internal sensor

Figure 1. Schematic of a demonstration setup. See text for
details.
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Figure 2. Photograph of a demonstration setup. See text for
details.

A PICOSCALE sensor head is aligned to track the dis-
placement of a target mirror (a) which is glued to a
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cantilever. The interferogram is guided to the PICO-
SCALE controller via an optical fiber (b), where the
displacement signal is calculated. This signal is directly
sent to the MCS2 via the SmarAct Sl interface (c). This
way, very small latencies (below 100 ps) are realized.
The MCS2 uses these data as sensor input and closes
the feedback loop while steering a SmarAct SLC1730
translation stage (d), which holds the cantilever struc-
ture.

DIFFERENTIAL MEASUREMENTS

Please note, that the mirror is only stable relative to
the sensor head. Thermal drifts of the base plate or
the mounting will cause the mirror to follow this drift.
(On the other hand, this can also be desired in specific
applications!)

Using an optically differential setup, a target can be
controlled relative to another point of interest and
environmental disturbances are suppressed. An ex-
emplary setup is shown in Figure 3. Please contact
SmarAct for more information on differential mea-
surements.
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Figure 3. An exemplary setup with a differential measurement
head. By closing the feedback loop, the differential distance
of the mirror on the slide and the mirror on the post is kept
constant. Highly accurate positioning is possible with these kind
of setups!
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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

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

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

France

SmarAct GmbH

Schuette-Lanz-Strasse 9
26135 Oldenburg
Germany

T: +49 441 - 800 879 956
Email: info-fr@smaract.com
www.smaract.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

South Korea

SEUM Tronics

#1109, 1, Gasan digital 1-ro
Geumcheon-gu

Seoul, 08594,

Korea

T:+822-8681002
Email: info-kr@smaract.com
www.seumtronics.com
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USA

SmarAct Inc.

2140 Shattuck Ave. Suite 302
Berkeley, CA 94704
United States of America

T:+1415-766 9006
Email: info-us@smaract.com
www.smaract.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

Israel

Optics & Motion Ltd.

P.0.Box 6172
46150 Herzeliya
Israel

T:+9729-95060 74
Email: info-il@smaract.com
www.opticsmotion.com
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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.
Our broad product portfolio - from miniaturized interferometers and optical encoders for displacement
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.

Headquarters USA

SmarAct GmbH SmarAct Inc.
Schuette-Lanz-Strasse 9 2140 Shattuck Ave. Suite 302
26135 Oldenburg Berkeley, CA 94704
Germany United States of America

T: +49 441 - 800 879 0
Email: info-de@smaract.com
Www.smaract.com

T: +1 415 - 766 9006
Email: info-us@smaract.com
www.smaract.com



