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SEFNIRNYE, SENBIEEIRFRE, RUCURERFERE. REREREDHR
s ARETSHBIICHEREL BRI L. SHRIDMEEMARE, SRR ER
., XFSETIHRHMNMITEHARRIRW. FLR LS s et sk

MriRantE AT AR SR A RS R 2 SERT AR

M

focal plane BI working
distance
objective
optical e
fiber = ﬁ
reference
mirror
S
Vibration Resolution in Single Point | <1
Mode [pm]
Vibration Resolution in Imaging Mode | 0.1
it |
Frequency Range [MHz]| Upto 2.5
Optical Lateral Resolution [pm] 2.7
Working Distance [mm] 1.5...10
Maximum Image Size [mm)] 20x 20
Minimum Pixel Size [um] 1
Maximum Number of Pixels 1000 x 1000

Controller

2 units of each 33 x 27 x 7.2 cm (W x L
x H), combined weight 7.6 kg

Scanning Stage

5.5x11.0x 7.5 cm (W x L x H), weight
0.25 kg

Scanning Mount

Granite stone 15 x 20 x4 cm (W x L x H)
with stainless
Steel post 2.5 x 15 cm (@ x H), combined
weight 4.3 kg

Shaker Stage

Stainless Steel 8 x 1.5 cm (@ x H), weight
0.5 kg

APPLICATION NOTE:
1) BErERRRITENESIWE (ACTUATED MIRROR)
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(a) Cross-section of an actuated mirn (b) Mirror: amplitude spectrum
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(d) Piezo: amplitude spectrum

(¢) Mirror: vibrational modes
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(e) Piezo: vibrational modes

108 182 250
6 » . mirror and a titanium mount. (b) and (d) show the amplitude
‘ ' o 6 h » spectra recorded on the mirror and piezoelectric ring stack,
' respectively. (c) and (e) show the corresponding vibrational

685 Figure 3. (a) A piezoelectric ring stack is sandwiched between a
-
¥ modes (the shown displacements are tens of nm)

a) Amplitude spectrum, thermal excitation | , ,
(a) Amp P (c) Cantilever, vibrational modes
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(b) Amplitude spectrum, active excitation

Figure 4. (a) Measurements of the thermal vibrations of two
cantilevers with different geometries (insets, scale bars: 100um).
The left cantilever has a spring constant of 0.05N/m and the
right a spring constant of 0.6 N/m. Vibrations were measured at
the free ends of the respective cantilevers. The FFT graph shows
their resonance peaks with an amplitude of just a few pm. (b) An
FFT of the recorded displacements while exciting the cantilever,
the multiple resonance peaks suggest different bending modes.
The inset microscopy image shows the measurement position on
the cantilever (red dot, scale bar: 60 um). (c) The 3D renderings
show the corresponding flexural bending modes at the indicated
frequencies (F1 to F4). In addition, the first three torsional modes
are shown. The latter frequencies were obtained by measuring
Ll the cantilever displacements at the side of the cantilever (not
10 100 1000 shown).
Frequency [kHz]

-
o
o
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a) Reflection image a) Reflection image
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b) Vibration analysis b) Vibration analysis
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Figure 1. Investigation of Loudspeaker 1. a) The reflection  Figure 2. Investigation of Loudspeaker 2. a) The reflection
image displays the unprotected diaphragm surrounded by its  image displays the diaphragm through the apertures of the
metal housing. a) Local measurement of the amplitude spec-  highly reflective metal cover. b) Local measurement of the vibra-
trum at the blue dot in the reflection image shows two resonant  tions at the blue dot in the reflection image shows two resonant
peaks at 7.5 kHz and 12 kHz. Insets: Deflection images of the  peaks at 6 kHz and 11.5kHz. Insets: Deflection images of the
vibrational modes at these respective excitation frequencies. vibrational modes at these respective excitation frequencies.

4) EFEHFENE MEMS 89wz
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Figure 2. Modal analysis of the motion sensor through a silicon window. A) The vibrations were first measured at the
indicated point. B) The amplitude spectral density plot shows multiple resonance peaks. At the indicated peaks a modal
analysis was performed of the part of the structure that is indicated by the red box in A). The inset figures show a 3D
rendering of the motion of the structure.

5) FIBARENEFOTERIRRNERE
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a) d)
viewing
direction -
- -
iy
500 ym
500 pm
b) bright field c¢) confocal
upper focal plane upper focal plane:
B L e < Figure 3. Measuring vibrations of multi-layered samples.
q v a) Schematic of the experiment. Two AFM cantilever chips were
200 pm positioned on top of each other such that the view of the lower
— cantilevers is blocked by the upper ones. b) Imaging of both

layers by bright field microscopy does not produce clear images
of each layer. c¢) Confocal imaging reveals clear images of both
layers. The image taken at the lower focal plane shows some

lower focal plane lower focal plane

o variation in intensity caused by the presence of the upper can-
w V | tilevers in the path of the laser. d) Vibrations measured of each
'! layer.
- = Y
6) EERIRTUEZRHEST
(a) Microscopy images (b) Amplitude spectra
| T T T
Vacuum Ar
22.2:17.6 1 vadulm
= ()
=
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o
2
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£ 1
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| | |
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Frequency [kHz]

Figure 1. Vibrometry measurements in air and in vacuum. The AFM cantilever was measured in a scanning electron
microscopy chamber, either at 1.0 X 103 mbar (ambient air pressure) and 3.6 X 10—3 mbar (vacuum pressure). First,
microscopy images were recorded. (a) Confocal reflection images in air and in vacuum. The dot shows the position of the
measurement laser for the recording of the thermal vibrations. (b) The amplitude spectra in air and in vacuum. The curve
in vacuum is much sharper and shows an higher resonance frequency as in air.

7) FIRfREhiHIEE A EERR
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Figure 1. Measuring motion with interferometry. A) A commercially available transducer was placed under the scanning
head of the vibrometer. The bright spot of the pilot laser in the middle of the pink ceramic disc indicates the
measurement position. Inset: 200 x 200pm microscopy image showing the detailed structure of the ceramic surface. B)
Average from 2000 displacement measurements (green curve), sampled at 10MHz. Details of less than 0.1 nm can be
easily distinguished including the reverberation after the pulse end atl 100 ps. Average from 50 measurements (gray),
many details are still buried in noise. Inset: Electrical excitation pulse

1.6
1.4
T2

Figure 2. Measuring motion at different positions. Inset: 16
measurement positions located on 2 concentric circles with radii
of 1.3and 10mm, respectively. The graphs show the averaged

Displacement [nm]
o oS o
N R o @ o

o response from all measurements performed at 1.3 mm (green)
B and 10mm (blue) from the transducer centre.
-04
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