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MEMS Test — MEMS dynamic response and 3D
topography analyses



Polytec as market leader in of non-contact vibration measurements e Flll!ltﬂﬂ
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Startschuss Durchbruch in Erstes
Grundung als Erstes in der der Oberflachen- vollautomatisches
Handelsfirma Vibrometer Bildverarbeitung messtechnik RoboVib® Testcenter
Erstes Erstes Scanning Erstes Start 50 Jahre
Eigenprodukt Vibrometer und Diodenzeilen- Polytec PT GmbH Polytec

FIR-Spektrometer erstes Velocimeter = Spektrometer



Principle & Setup of a Laser Doppler Vibrometer & Polytec

LASER DOPPLER VIBROMETER

 E.g. Helium Neon » optical Doppler effect « vibration measurements
Laser as coherent * Frequency shift proportional to from micro to macro scale
light beam source object velocity

RV
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Laser Doppler Vibrometer - Advantages & Polytec

. Principle & Setup of a Laser Doppler Vibrometer:
= Non-contact and non-reactive

vibration measurement

= highest vibration measurement
resolution = vibrations down to
femtometer level can be measured

» 1 Femtometer = 10~ m

= 1,7 fm — diameter of a proton
= Vibrations from OHz up to 8GHz
= Real time an FRF

= Universal tool an many applications
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Polytec — vibration is everywhere - small... & Polytec

Swiss mechanical Watch

hfirror 10 deg

MEMS Micro Mirror
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Polytec — vibration is everywhere - medium... & Polytec

E-drive

¢ Polytee
b

Gehdrknéchelchen Hammer (malleus), Amboss (incus) und Steigblgel (stapes) im Mittelohr. .
3/1 T/cuce> - WWW.PUIYLEL.LUITT © & FUlyLeEL







Polytec — vibration is everywhere - large...
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Bridge vibrations

A

displacement of the

bridge during slow
train pass-by
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Polytec — vibration is everywhere - special... & Polytec

NETFLIX

SECRET WORED
OF SOUND

with David Attenborough
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Polytecs VibroGo in neuer
Netflix-Doku mit David
Attenborough

In der sensationellen Naturdoku-Serie ,Secret World of Sound* auf
Netflix USA spielt das Polytec Vibrometer VibroGo eine
entscheidende Rolle. Folge 2 der Serie spurt die verborgenen, flr
uns unhdérbaren Symphonien der leisesten Kreaturen der Natur auf.
So machen Biologen auch die geheime Kommunikation von
Buckelzikaden, die sich Uber Vibrationen unterhalten, mit unserem
VibroGo hérbar und kénnen so deren Sprachwelt erforschen.



Systems for Microstructures — e.g. MEMS & Polytec
Optical Measurement of MEMS - The Tools

4 MSA-600 )
Micro System Analyzer MSA-100-3D
MSA-650 IRIS All-in-One MEMS Analyzer Micro System Analyzer

Micro System Analyzer

Characterization inside
Si-capped MEMS

H 3D Vibration Measurement

alh <
e

Dynamics and Topography
Full-Field Scanning Out-of-plane

= Dynamics and Topography up t°‘8 GHz
* Full-Field Scanning Out-of-plane * Full-Field In-plane = 3D Single Point or

up to 25 MHz up to 2.5 MHz = Full-Field 3D Scanning
= Full-Field In-plane = Upto25MHz

up to 2.5 MHz
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MSA-600 our optical Micro System Analyzer = & Polytec

= All-in-one optical MEMS-Testing solution - for full field
= out-of-plane vibration up to 8GHz with fm resolution - Scanning Laser Doppler Vibrometer
= Result: vibration animation, amplitude, resonance frequency, damping, quality factor

= very short measurement time (below 0,1s per point - 400 Points/24 seconds - 16 points/s)

"no
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MSA-600 Micro System Analyzer

= 3D shape and topography analysis

Scanning White Light Interferometer

Tnm z-resolution

below 1um lateral resolution

Measurements within few seconds

flatness, step height, parallelism

= All-in-one optical MEMS-Testing solution - for full field
= in-plane vibration up to 2,5MHz with nm resolution

= Stroboscopic video microscopy
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& Polytec

11



MSA-600 Micro System Analyzer | product presentation

& Polytec

Virbation Measurement of MEMS — Some Examples

Pressure

Sensors m

Micro )
Mirrors

\ /

(RE- h
MEMS .

\_ /
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Microphones

Flow-

Sensor

LAFM Tips
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MSA-600 Micro System Analyzer | product presentation

LDV in MEMS Microphones R&D

& Polytec

Displacement (m)

Phase (deg)

107

Magnitude of the displacement of the membrane
T T T T

T
Simulation Measurement

Extra resonance introduced Pressure dependent shift of 4 954 mbar|

by interaction with air the first membrane resonance \ © 500 mbar
! 200 mbar| |~ 200 mbar

——100 mbar

Antiresonance due to
interaction with stator
I

10 20 30 40 50 60 70 80 90 100
Frequency (kHz)

Phase between input voltage and membrane displacement
T T T T T

Device under investigation

Sensing

Membrane
Substrate -

Ventilation hole

[E—
Comb structure

Suspension  Stator with comb fingers
structure for read-out

R
EaSEs i

A

10 20 30 40 50 60 70 80 90 100
Frequency (kHz)

Task: Pressure dependence of FRF

TECHNISCHE
UNIVERSITAT
MUNCHEN

Shape of the displacement of
the first membrane resonance

By courtesy of G. Schrag, TUM
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MSA-600 Micro System Analyzer | product presentation

& Polytec

Indirect Membrane thickness measurements of thin

membranes with resonance frequency analysis

Task: Identification of membrane thickness of e.g
absolute pressure sensors, no direct measurement possible

) )

Approach: Modell based parameter identification from
experimental modal data of sensor membrane
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MEMS Pressure Sensors

One of the first MEMS
devices, various types,
diverse applications,
safety critical

Some performance
relevant parameters like
membrane thickness or
internal stress can not be
measured electrically
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Optical Characterization and Inspection of MEMS

& Polytec

Pressure Sensors: Parameter Identification

K MSA measurement data

x10°

v [m/s]
N

ol A

0 200 400 600 800 1000
f kHZ]

Task: ...Identification of membrane thickness of absolute pressure sensors (accuracy <1%)
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FE-Simulation

\

a N
{ MBS J [ FE-Simulation j
system
Frequency Parameter
response matrix
a Identification tool N

[ Peak detection j [ Polynomlal }
approximation
[ Optimization }

o /

A/

Sensor parameter

By courtesy of IMMS llmenau
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Optical Characterization and Inspection of MEMS

Pressure Sensors:

-

MSA measurement data

& Polytec

Parameter Ildentification

D

0 200 400 600
f kHZ]

Task: ...Identification of membrane thickness of absolute pressure sensors (accuracy <1%)
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800

1000

FE-Simulation

\

-
Result: Wafer Map

with membrane thickness, accuracy

better 1%, sensitivity better Tnm

By courtesy of IMMS llmenau
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New: Automated Wafer Mapping

& Polytec

- MSA-600 with
i PSV Software
Ui and Makro

Keithley probe
card

&’ ATV
& ;» Measmatic

MPI
handl MPI TS2000

er automated
probe station
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Fab
integration

Palytee mMsA
SENSOR HEAD

& Polytec
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New: MSA-600 with new tools for automation

= New: Image correlation for
automated scan point
alignment (better Tum)

= New: small piezo autofocus
to have a fast focus adaption
in case the wafer is not flat

gL

i

:I h';l

Image correlation
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& Polytec

small piezo autofocus
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New: Recipe Creator for automated measurements = & Polytec

= |dea: Polytec MSA as slave for e.g. measmatic software “* o
. Recipe Definition
= Measmatic controls Prober und MSA Name Definition
. . Recipe Name(MEMS-Number)
» New: With the new Recipe Creator, recipes / T
. etrmgs
automated measuremnts can be easily generated, L —
. nabie Image processing
tested and ertten Reference Snapshot
AOI
= For each MEMS sample there is a recipe in a ™ e riigs s
recipe database Sav:;:everymeasurement
= Measmatic stats up recipe for automatic Elistondn] ___
measurement and communicate with PSV Nl Vagiiine
Relative Height for Width
= Communication via TCP/IP and SCPI interface Limito visle Range. 5

| Data output |

= MSA-600 send back key parameter for wafer Mapping
such as resonance frequencies, Q-values, amplitudes

Start Measurement
Read
Write
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MSA-600 Micro System Analyzer | product presentation

Examples — SAW:
SAW @ 129MHz

C Polytec

Q
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Optical Characterization and Inspection of MEMS

Microfluidics using SAWSs: Blood cell sorting & Polytee

thlftsﬁ

P Leibniz-Institut -
fur Festkorper- und .
Werkstoffforschung

Dresden
b
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