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ABSTRACT

The paper presents the optical, mechanical, amtreleptical design of an interferometric inspeotgystem for
massive parallel inspection of Micro-Electro-MecitahSystems (MEMS) and Micro-Opto-Electro-
Mechanical-Systems (MOEMS). The basic idea is tpad micro-optical probing wafer to the M(O)EMSfera
under test. The probing wafer is exchangeable anthins a micro-optical interferometer array. A lowherent
and a laser interferometer array are developed.

Two interferometer designs are presented; a loverastt interferometer array based on a Mirau cordition
and a laser interferometer array based on a Twy@raen configuration. The smart-pixel approach fassive
parallel electro-optical detection and data redurcts discussed.

The mechanical design concentrates on the scammystgm and the integration in a standard testostdtr
micro-fabrication. First experimental results deat scanning platform are presented.

1. INTRODUCTION

Reduced costs and enhanced reliability are esbkdatiahe further growth of the M(O)EMS market. $hi
requires tests on wafer-level during productiondedect faulty sensors before the subsequent paukagid
assembly steps. Non-electrical parameters of M(CSHike shape, deformation or modal frequenciesiatelly
measured by interferometry. Currently, commercfaical test systems do measurements serially, wtécises
large measurement time and costs. Hence the contd¢ipe test system to be developed within the Edjeot
SMARTIEHS pursues the parallel measurement of pleltidies [1] to obtain a significant reduction of
measurement time.

2. INSPECTION CONCEPT

The parallel testing is realized by an exchangeabtzo-optical probing wafer, which is adapted adigned
with the M(O)EMS wafer under test. The probing wafemprises an interferometer array, which conégjon,
spacing and resolution depends on the M(O)EMS bbjde corresponding illumination, imaging and ¢xidn
unit are modular and can be adapted and optimaespkcific devices.

The demonstrator under construction uses a 5x3fénteneter array processed by standard micro-fatioic
technologies. The multi-functionality of the systesmiven by two different probing wafer configuoats, a 5x5
array of low coherent interferometers (LCI) andx& array of laser interferometers (LI). An arrayseb smart-



pixel cameras is designed for the detection ofitherferometer signals. The cameras feature oplizk-in
detection at the pixel level [2].

Figure 1 shows a sketch of the probe system wiéhrttegrated inspection system.

The configuration of the two different interferometarrays is shown in Figure 2. The left side & tmage
shows the low coherent interferometer array (Mirandl the right side the laser interferometer a(fayyman-
Green). The light sources are arranged in an amaypositioned on each side of each interferometitr The
light is guided by a beam splitter towards the prglwafer.
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Figurel: SMARTIEHS instrument configuration: Side view with dimensions.

The interference signals are generated in the naptizal interferometers, which are fabricated imegular
matrix on a 4-inch wafer stack.

The refractive design (

Figure2a) will be used to measure the shape and deformadtie diffractive design (

Figure2b) will be applied for vibration analysis.
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Figure2: Preliminary interferometer design

An excitation system for the passive M(O)EMS stuues is needed for dynamic testing. A glass wadesisting
of Indium Tin Oxide (ITO) electrodes is applied felectrostatic excitation of the resonance frequesfcthe
structures [3]. For the deformation measuremetasi@a made pressure chuck is used.



3. SMART-PIXEL CAMERA DESIGN

Figure 3 shows the configuration of the imageryao@mera. The smart-pixel imagers are placed ixGanatrix
at the camera module which transfers the imagea tigh speed frame grabber to the PC. The pittldes the
imager chips is adapted to the interferometer pitch
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Figure 3: Configuration of the smart-pixel camera

Each channel is equipped with a smart-pixel CMO&gen for detection of the optical signal. Every gma
features 140x140 pixels. The developed smart-f@retitecture allows the demodulation of the eleoptcal
signal at the detection level with demodulatiomtrencies up to 100 kHz.

The demodulated signal is averaged over a few ge@md then read out to the control system, whaald to a
drastic data volume reduction on the one hand anéheeasing depth scan speed on the other hargl. Th
electronic circuit at the pixel level does not oaljow amplitude demodulation but also the extactof the
modulation phase and is well suited for use with &&d LI interferometry.

4. SCANNING DRIVE DESIGN

A high-precision drive unit is needed for focusitige measurement interferometer towards the M(O)EMS
devices in z-direction. Furthermore, the z-drive tmrealize a highly uniform movement of the ogitisystem
with respect to the low coherence measurements.ré@lires a scan over a range of 1mm with a libeafi

< 1%. LI requires positioning accuracies with a surament error < 10nm and a position stability he t
nanometer range. Therefore, the design concepgrates three voice-coil drives and three commercial
interferometers to move and align the scannindggiatrelative to the MEMS-Wafer.

Besides the z-scan the platform enables pitch athdnotions for the parallel alignment of the irfegometer
array to the MEMS-wafer. To realize a straightdirend uniform z-motion the platform is weight compated

by pull-springs and guided with star-shaped leaiingjs, which provide a ratio of horizontal to vedt stiffness

of over 10000. The nonlinearity of the leaf sprisgiffness is compensated by feed forward control.
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Figure 4. Optical unit with LCI and LI (left); Test setup of scanning platform (right)



5. CONTROLLER DESIGN

The controller of the platform runs on an IPC bearsing RTAI Linux as real time operating systemisl
connected to the hardware via an 1/0 board, whigpqocesses the analogue signals. The platforntigqoss
measured by three laser interferometers whose megdoeams are coaxial arranged to the three voids.
The analogue signals provided by the interferorsesee interpolated by an FPGA. As the platform toabe
adjusted by tilting moves (pitch and roll) befoclke measurement, the overall functionality of thatwller is
designed for separate tilting and traversing (zysaaotions.

While a setpoint generator for one-dimensional owdiprovides position, velocity and acceleratiolues for
traversing in real-time, setpoints for tilting aeglare set up by an independent method.

Since the movement of the three axes is stronghpleal on account of the overall geometry, it isirddxde to
decouple them calculationally in order to allow tohing the position of each voice coil. This depting is
implemented in the controller by transformationscobrdinates and conversions of forces so thatctiie
currents provide the forces necessary for the esirotions.

6. CONCLUSIONS

The presented inspection system concept realizparallel approach for the production test of upl@D
M(O)EMS objects simultaneously. A multifunctiongdpxoach is implemented by the modular design inofyd

the micro-fabricated interchangeable interferometgier systems — static as well as dynamic measmentan

be performed. Correspondingly, two different miogatical interferometer configurations are presengeilirau

type low coherent interferometer for shape and medition measurements and a Twyman-Green type laser
interferometer for the measurement of resonancpiecy and the spatial vibration mode distribution.

A novel distributed smart-pixel camera is develapdonsists of a 5x5 matrix of smart-pixel imagEach
imager has a 140x140 pixel resolution giving altotanber of almost half a million interferometeracimels. The
smart-pixel approach enables “on pixel” demodutatid the interference signal and thus contributesldta
reduction and a short measuring time.
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