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Microﬂuidic platforms comprise channel networks allowing the manipulation of ﬂuids. Typically, they are
used to detect and separate suspended particles such
as viruses or cells. The sorting mechanism that is used
in these lab-on-a-chip devices diﬀer: while some make
use of functionalized surfaces, others employ lasers
or ultrasound, see Figure 1.
Ultrasonic standing waves permit the formation of
controlled pressure ﬁelds which allow trapping of particles in up to 3 dimensions. Thus, adding acoustics
to microﬂuidics increases the performance while remaining simple to produce and use. Ultrasounds are
generated by a small piezo transducer that is attached
to the capillary network. The frequency and amplitude
of the vibrations are the key factors for trapping a desired group of particles.
Characterizing the performance of such devices using
standard interferometry or vibrometry remain however tedious as they are mostly made of glass or silicon.
It has also been shown that the vibrations transmitted
to the diﬀerent surfaces of the channel can greatly
vary. Thus, without an instrument capable of selecting
the surface on which the measurements are carried
out, it is impossible to accurately evaluate the device.
Here, we show how SmarAct’s PICOSCALE Vibrometer
can be used to easily overcome this limitation.

Because the PICOSCALE Vibrometer uses confocal optics, it is possible to select any surface for further investigation. Figure 2 shows a focusing curve measured
on an empty microﬂuidic channel. 4 peaks, labeled a
to d, are clearly visible and correspond to the various
interfaces of the glass channel. It should be noted
that by virtue of Snell’s law, the refractive index of
the material results in a focus shift of the measurement laser. When passing through glass, the peaks
will therefor appear closer together by a factor of ≈1.5
(refractive index of glass at 1550 nm). Thus, the measured thickness of 145 µm in Figure 2 translates into a
real thickness of 218 µm, which agrees with the manufacturer’s speciﬁcation. The internal height of the
(air-ﬁlled) microﬂuidic channel is 1011 µm.
Next, we measured the vibrational response of both
surface b and c, considering that their behavior directly
manipulates the ﬂuid. To do so, the piezo transducer
was excited by a 100 ms linear chirp from 500 kHz to
1 MHz generated by the PICOSCALE Vibrometer. Figure 3a shows multiple discrepancies between both
curves. For instance, surface b shows a clear resonance at 630 kHz, at surface c this peak is completely
shadowed by a peak at 616 kHz .
Because the measurements were performed at a single point it is not possible to attribute a speciﬁc vibrational mode to any of the resonance peaks. Even
if both surfaces share similar resonances, such as at
820 kHz, it does not necessarily imply that they behave

Figure 1. Sorting particles within microﬂuidic devices. It is
possible to sort particles using diﬀerent mechanisms: surface
functionalization or transduced-vibrations are two examples.
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Figure 2. Focusing curve recorded on an empty microﬂuidic
channel. By moving the focused measurement laser beam of
the confocal microscope down while recording the reﬂection
signal, the diﬀerent surfaces of the channel are easily distinguished.
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(a) Amplitude spectrum upon excitation

(a) Focusing on an empty and water-ﬁlled channel

(b) Modal analysis at 820 kHz

(b) Amplitude spectra of empty vs. water-ﬁlled channel

Figure 3. a) Thanks to the confocal optics of the PICOSCALE
Vibrometer vibrations at both surface b and c were measured.
The surfaces respond diﬀerently. The amplitude spectral density
(ADS) is normalized with respect to the excitation signal. b)
Surface b shows a lower order bending mode than surface c.

the same way. To emphasize this point, modal analysis at 820 kHz has been carried out at each of the
surfaces. Surprisingly, Figure 3b reveals a higher order
bending mode for surface c than for surface b.
So far, the microﬂuidic device was tested empty and
having a ﬂuid passing through the channel will inevitably aﬀect the vibrational response. To assess this,
the channel was ﬁlled with water and a focusing curve
was recorded. Figure 4a shows that the position of the
surfaces c and d has been shifted so that the measured
internal height of the microﬂuidic channel is reduced
by a factor of 1.3 (refractive index of water at 1550 nm)
to 775 µm. Additionally, the amount of reﬂected light
by both surfaces is drastically reduced. This comes
from the fact that the water itself absorbs infrared
light but also because the diﬀerence in refractive index between water and glass is much smaller than
that between air and glass, which makes the interface
more diﬃcult to detect. In the water-ﬁlled channel the
local vibrations at surface b were measured again, see
Figure 4b. Some of the original peaks appear downshifted by approximately 6 kHz which together with
Hooke’s law, conﬁrm that some mass, here the ﬂuid,
has been added to the system.
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Figure 4. a) Because of the refractive index of the water, the
peaks appear at a diﬀerent positions and the amount of reﬂected light is reduced. b) The addition of a ﬂuid inside the
channel adds some mass to the system which alters the vibrational response. The amplitude spectral density (ADS) is
normalized with respect to the excitation signal.

CONCLUSION
Confocal vibrometry with infrared light enables the
imaging of internal surfaces of microﬂuidic ﬂow cells.
The high bandwidth of the PICOSCALE Vibrometer allows to visualize vibrations at up to 2.5 MHz, paving
the way to an in-depth understanding of the functioning of acoustoﬂuidic devices.
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