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The Ultrahigh Frequency Vibrometer UHF-120 & Polytec
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Motivation: UHF-Applications & Polytec
Ultra-high-frequency mechanical vibrations are ubiquitous
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RF-MEMS

& Polytec

Dr. Clark Nguyen at UC Berkeley
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Motivation: Requirements for Measurements & Polytec

Vibration Measurement in R&D

Undisturbed reaction-free measurement of
subtle high-frequency mechanical vibrations

“ Non-contact optical Measurement

High-frequent solid vibrations have very short
acoustical wavelengths ~ pm

= Demand for high lateral resolution

Ultra-high frequent vibrations typically habe
very small amplitudes ~ pm

= Demand for high amplitude resolution
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Motivation & Polytec

Vibration Measurement in R&D

High Frequencies => high velocities

= Large velocity measurement range
Transient Processes

= Real-time measurement in t-domain
Fast spectral characterization of samples

# Rapid broadband measurement with
instantaneous representation in f-domain

Thermosensitive micro electronic components
= Minimum energy deposition
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Motivation & Polytec

Laser-Doppler-Vibrometer

Well established in MEMS & Material Research
Non-contact vibration measurement

High sensitivity and dgClracy

High resolution in t

High lateral resoluti )

a
“%
!

Min. energy transggr

Fast broadband measttement with
instantaneous frequency spectrum

Measurement of transients in t-domain
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Motivation & Polytec

Laser Doppler Vibrometer
Mach-Zehnder Setup
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Motivation & Polytec

Current Vibrometer Specifications

Frequency bandwidtz
Velocit
Amplitude resolution(pm >

Maximum displacement ranges for HF-
decoder (> 2.5 MHz) is
limitet at 70 nm
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Motivation & Polytec

Typical HF-Applications
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& Polytec

The UHF-120-SV Ultra-high
Frequency Scanning Vibrometer

) e
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The Ultrahigh Frequency Vibrometer UHF-120 & Polytec

Optical Setup

Pol. beam splitter  opjective

Laser O <@::>

Beam splitter

.
/ \ Photodetektor
Innovations:
Carrier frequency f_,... > 600 MHz

Signal processing for Measurements up to 1,2 GHz

Advancing Measurements by Light ¢ www.polytec.com © Polytec GmbH 5/10/2010 #13



The Ultrahigh Frequency Vibrometer UHF-120 <& Polytec

Components
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The Ultrahigh Frequency Vibrometer UHF-120 <& Polytec

Components
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The Ultrahigh Frequency Vibrometer UHF-120 <& Polytec

Heterodyne
Interferometer and
Scanning Hardware

X-Y Traverse
Scanning

Operational deflection
shape measurement

,Slow-Motion”-
Visualisation
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The Ultra High Frequency Vibrometer UHF-120 <& Polytec

Integration in probe stations

For measurements
on wafer level

Simple Integration
into a probe station

Positioning of laser spot
with integrated camera

Automated routine
measurements possible
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Example SAW-Filter & Polytec

Surface Acoustic Wave Filter

Electrical Input
=> Conversion in acoustical surface wave

=> Filtering with specific characteristic
=> Conversion in electrical Output signal

Input Transducer QOutput Transducer

SAW
—- R

Piezoelectric Substrate
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Example: SAW-Filter & Polytec

Sensitivity: Signal/Noise Ratio
SAW filter with narrow band excitation

Vib Displacement

Frequency
262.2227 MHz
B Magnitude
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D -
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) 2624 %26 %628 263
Frequency [ MHz |

Note: Using the excitation signal as a reference
and complex averaging will reduce the noise level
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Example: SAW-Filter & Polytec

Measurement with Broadband Excitation

RRRRRRRR
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Broadband measurements with high amplitude accuracy
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Dornain FFT

Frequency
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Domain FFT
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Resonator (UC Berkeley)

UHF-120 scanning measurement of resonance
mode at 85 MHz

Band 1 85.35156 MHz

Angle 10°
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& Polytec

Summary

The UHF-120 significantly expands the
application range of Laser-Doppler-
Vibrometry (RFE-MEMS, SAW, Ultrasonic
transducers, NEMS) :

f__ ~1,2GHz,

V., > 100 m/s

Amplitude resolution <2 pm

(<500 fm with complex averaging)

There is no comparable measurement
Instrument
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