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Static and dynamic analysis and visualization are a critical part of the 

test and development process for microstructures such as MEMS devices

(Micro-Electro-Mechanical Systems). They are indispensable for validating

FE calculations, determining cross-talk effects and measuring surface

deformation. The MSA-500 Micro System Analyzer was designed to 

com bine several measurement techniques into a convenient “All-in-One” 

solution for characterizing surface metrology and measuring in-plane 

and out-of-plane motions. This instrument delivers increased measure-

ment flexibility and precision, adapting to the needs of today’s and

tomorrow’s microstructures. When incorporated in the MEMS design and

test cycle, the Micro System Analyzer provides precise 3-D dynam  ic and

static response data that increases device performance while reducing

develop ment and manufacturing costs through enhanced and shortened

design cycles, simplified trouble shooting and improved yield.

Polytec’s Award-Winning 
Micro System Analyzer 

■

■

■

For more information and to learn how
the Micro System Analyzer works, visit
www.polytec.com/microsystems and
view or order a comprehensive video
about microstructure characterization. 



Three Technologies Integrated into One System 

■

■

■

■

■

■

Designed For Both R&D and Production 

Technology Integration Delivers Faster and More
Accurate Results

The All-in-One Solution 



Solutions for R&D and Production Applications

MEMS devices such as micro-sensors and micro-actuators are found in guidance systems, automobiles, 

aircraft, computers, entertainment systems and medical devices. Both R&D and production engineers 

must develop new devices quickly, precisely and cost effectively. Polytec’s innovative Micro System Analyzer 

enables high-resolution surface profiling as well as the systematic testing of the dynamic mechanical 

response to important electrical and physical inputs. 

FEM simulation and vibration analysis of micro mirrors (IZM)

Validate Simulation Models

Optimize MEMS Functionality Improve MEMS Reliability



Real-time response measurement on a micro mirror 
(Applied MEMS)

Semi-automatic probe station for production testing of pressure
sensors (Melexis)

Significant Benefits for R&D and 
Production Applications

■

■

■

■

■

■

Sort MEMS for Critical Applications

Determine Key Manufacturing Parameters

Enables Production Testing

MEMS measurement in a vacuum chamber (NPL) MEMS flow sensor (UCL Microelectronics Laboratory)



Surface Metrology

Simple Measurements

Determine Key Parameters

■ ■ ■

■ ■ ■

■ ■

High Performance
■

■

■

■

■

Flexible Evaluation
■

■

■

■

Powerful Tools and Options 
■

■

Special Enhancements
■

■

■

When designing or manufac   -

tu ring micro systems, struc tured

functional sur faces require 

precise verif ication of surface

topography to assure quality

and per  formance. Due to its

ex cel lent spatial resolution in

both in-plane and out-of-plane

directions, the Micro System

Analyzer’s topography measu-

rement unit is ideally suited 

for the 3-D profile analysis of

micro struc tures. 



How it Works

Displacement measurement on a flow micro
sensor (UCL Microelectronics Laboratory)

Surface topography and beam curl of a cantilever 

Applications

Topography of automotive pressure sensors (Melexis) Measurement on a micro gearwheel (Sandia) 

For more information visit www.topmap.info
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Just “Point and Scan“ in Real Time

Integrated Vibration Excitation

Intuitive Data Analysis and Evaluation

Features and Benefits 
■

■

■

■

■

■

■

■

Scanning laser-Doppler vib ro   -

 metry allows non-contact

measure ments in real time

for the characterization of

out-of-plane vibrational

behavior and for determining

the vibration velocity and

displacement at any sample

point. Unique features in -

clude the ability to acquire

data with picometer displace-

ment resolution, to capture

frequency response up to 

24 MHz, and to analyze non-

ideal or non-linear systems.

Scanning Laser Vibrometry



Applications

How it Works      

More Info: www.polytec.com/vib-university 

Autofocus and Geometry Scan Flexibility for New Challenges
■

■

■

■

■

Dynamic Characterization of a MEMS 
nanopositioner (MIT)

Deflection shapes and static tilt angles 
of a micro mirror array

ODS of an automotive pressure sensor
(Melexis)

Frequency response of a cricket’s sensor hair (Univ. of Reading) Geometry scan of a cantilever structure



Stroboscopic Video Microscopy for In-Plane
Motion Detection

Simple Measurement Process

Internal Excitation

Software

Out-of-Plane Vibrometry Combined with In-Plane
Stroboscopy

To precisely measure the high frequency, in-plane motion of the device under test, a stroboscopic technique is

applied. Using stroboscopic illumination and digital imaging, motions of fast periodically moving objects can

be sharply frozen in time to capture the exact position of a region of interest (ROI) on the specimen.



Applications

MEMS torsional actuator (Sandia)

MEMS mass sensor (UCSB)

In-plane motion (1) and vibration spectrum
(Bode plot) (2) of a MEMS comb drive (3) 

How it Works

For more information visit www.polytec.com/vib-university 
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The System and its Parts

The MSA-500 Micro System

Analyzer can be configured

to cover many operating

modes and measurement

ranges need   ed to character-

ize microstructures. The con-

figurations table (page 14)

helps to match the appro-

priate system with the 

application.

Flexible and Upgradeable Configurations

Positioning Equipment and Accessories

MSA-500 Processing
Unit mounted in 
A-CAB-BAS System 
Cabinet



MSA-500 Micro System Analyzer 
and MEMS/Wafer Probe Stations

For more information about accessories, please see the 
techni cal specifications (page 17) or contact your local 
Polytec sales/application engineer.

MSA-500-TPM

MSA-500-TMMSA-500-TP MSA-500-PM

MSA-500-PMSA-500-T MSA-500-M

MSA-500 Micro Motion 
Analyzer mounted on the 
A-STD-TAB Workstation



Measurement Modes

Out-of-Plane Vibration

Model

Single Beam Differential 24 MHz
In-Plane 
Motion

Topography

System Components

Configurations

Technical Data

Housing and Power

Compliance with Standards



Laser Radiation
Do not stare into beam  
Class 2 Laser Product

According to IEC/EN 60825-1 (2001)
Complies with 21 CFR 1040.10 and 1040.11 

except for deviations pursuant to 
Laser Notice no. 50, dated 26 July 2001 

P ≤ 1 mW/cw;  λ = 620-700 nm

OFV-5000 Vibrometer Controller 

MSA-O-500  Optical Units



System Components

Objective Magnification Stand-off distance(4)

(mm) 
Field of view
(mm x mm)

Pixel resolution 
(μm)

Vertical resolution
(MSAGeo)(5) (μm)

Bright Field Objectives for Vibration Measurements (3)

MSA-500 Optics

MSA-E-500 Junction Box

Optional

λ

Objective Magnification Stand-off distance(4)

(mm) 
Field of view
(mm x mm)

Pixel resolution 
(μm)

Numeric aperture
NA(8)

Objectives for Topography Measurements (2)

Optional



Computer

A-STD-BAS
Base Stand

A-STD-BBO
Standard Stand

A-STD-TAB
Workstation 

A-CAB-BAS
System Cabinet 

A-CAB-EXT
System Cabinet Extension

MSA-W-402 Data Management System

Hardware for Out-of-Plane Data Acquisition

Hardware for In-Plane Data Acquisition

Optional Accessories



Performance Specifications

λ

Measurement performance

Topography Measurements

Measurement time

Measurement performance on a traceable calibrated standard (PTB Type A1 (ISO 5436-1)

Out-of-Plane Measurements

In-Plane Measurements



Software Features
Out-of-Plane Measurements

Data Acquisition

Data Processing and Analysis



Data Acquisition

Topography  Measurements

Software Features

Data Processing and Analysis 

In-Plane Measurements

Call or e-mail your local Polytec sales/application
engineer for the latest information. Please see the
address list for contact details.

Advancing Measurements by Light www.polytec.com

You can also order your 
free Demo DVD on the 
Micro System Analyzer

In-Plane Measurements

Data Acquisition

Data Processing and Analysis 

Polytec GmbH (Germany)

Polytec France S.A.S.

Polytec Ltd.
(Great Britain)

Polytec Japan

Polytec, Inc. (USA) 

More info: www.polytec.com/microsystems

        www.polytec.com

Polytec GmbH (Germany) 
Polytec-Platz 1-7 
76337 Waldbronn   
Tel. + 49 (0) 7243 604-0 
Fax + 49 (0) 7243 69944 
info@polytec.de

Polytec France S.A.S. 
Bâtiment Orion – 1er étage 
39, rue Louveau 
92320 Châtillon 
Tel. +33 (0) 1 49 65 69 00 
Fax +33 (0) 1 57 21 40 68 
info@polytec.fr

Polytec Ltd. 
(Great Britain) 
Lambda House  
Batford Mill  
Harpenden, Herts AL5 5BZ
Tel. + 44 (0)1582 711670 
Fax + 44 (0)1582 712084 
info@polytec-ltd.co.uk

Polytec Japan
Arena Tower, 13th floor, 
3-1-9, Shinyokohama,  
Kohoku-ku 
Yokohama-shi, Kanagawa 
222-0033 
Tel. +81 (0) 45 478-6980 
Fax +81 (0) 45 478-6981 
info@polytec.co.jp

Polytec, Inc. (USA)
North American Headquarters 
16400 Bake Parkway 
Suite 150 & 200 
Irvine, CA 92618 
Tel. +1 949 943 3033 
Fax +1 949 679 0463 
info@polytec.com

Central Office 
1046 Baker Road 
Dexter, MI 48130 
Tel. +1 734 253 9428 
Fax +1 734 424 9304

East Coast Office 
25 South Street, Suite A 
Hopkinton, MA 01748 
Tel. +1 508 417 1040 
Fax +1 508 544 1225


