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Figure S1: SimulaƟon results (6 µm diameter beads). (a) ParƟcle trajectory height vs
electrical diameter D normalized by nominal bead diameter d. A significant spread in
D/d is found, with trajectories close to electrodes providing higher values than trajec-
tories far from electrodes. (b) ParƟcle trajectory height vs relaƟve prominence P . An
almost linear regression is found, suggesƟng that P can be a suitable metric to esƟ-
mate the parƟcle trajectory height. (c) RelaƟve prominence P vs normalized electrical
diameterD/d (cf Figure 5 of main text).
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Figure S2: CalibraƟon curve of bead defocusing. A drop of 6 µm diameter polystyrene
beads suspended in PBS was pipeƩed onto a glass slide, covered with a cover slip and
placed on the stage of an inverted microscope (held at a fixed Z-posiƟon). Bright-field
microscopy images of one bead (55×55 pixels) were acquired at different Z-posiƟon
of the imaging system focal plane (1 µm step Z-displacement of the microscope ob-
jecƟve). The central intensity I of the bead image (average intensity computed over a
centered 6 pixel diameter circle) is reported against the Z-posiƟon of the microscope
objecƟve. The bead respecƟvely produces an image with low / intermediate / high cen-
tral intensity when it is below / on / above the focal plane (i.e., high / intermediate / low
objecƟve Z-posiƟon). Materials: Zeiss Axio Observer Z1 microscope (40× objecƟve),
Photron Mini UX100 camera.
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Figure S3: A suspension of 6 µm diameter beads in PBS was pumped through the
device (concentraƟon 103 beads per µl, flow rate 10 µl/min). Impedance signal
was recorded as described in SecƟon 3 of the main text. BoƩom view images of
the flowing beads were acquired using a Photron Mini UX100 camera (frame rate
2000 fps, shuƩer Ɵme 3.9 µs) connected to a Zeiss Axio Observer Z1 inverted micro-
scope (40× objecƟve). The objecƟve focal plane was adjusted to the middle of the
channel. Events detected in the impedance datastream were matched to their opƟ-
cal images with a custom Matlab script. The exemplary events in panels (a), (b), (c),
respecƟvely exhibit high / intermediate / low prominence. Because their images have
low / intermediate / high central intensity, their trajectory heights turn out to be be-
low / on / above the focal plane (Figure S2), i.e., close to the electrodes / through the
middle of the channel / close to the top of the channel. (d) Density plot of the beads,
with the relaƟve prominence P of the impedance signal ploƩed against the central
intensity I of the matched opƟcal images. Because I encodes for parƟcle trajectory
height (Figure S2), the observed relaƟonship between P and I proves that the relaƟve
prominenceP is a new impedance-basedmetric encoding for parƟcle trajectory height.
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Figure S4: (a) Photograph of the microfluidic impedance chip, consisƟng of a PDMS
(polydimethylsiloxane) fluidic top layer and paƩerned microelectrodes in a coplanar
configuraƟon on glass (addiƟonal electrodes are present, that were not used in the
present work). (b) Chip holder for electrical and fluidic connecƟons.
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Figure S5: Fiƫng accuracy of the bipolar double-Gaussian template (equaƟon (1) of the
main text) to the experimental traces (suspensions of 5.2, 6 and 7 µm diameter beads
measured separately). The histogram of the root mean squared error of the fit (RMSE),
normalized by peak amplitude control a is ploƩed, showing good fiƫng accuracy of the
template.
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Figure S6: (a) Density plot of a mixture of 3, 6 and 10.1 µm diameter beads, with the
relaƟve prominenceP ploƩed against the electrical diameterD. Histogram of the elec-
trical diameter (b) before and (c) aŌer compensaƟon (parameters reported in Table 1
of the main text, last row). Results in panel (c) show that the proposed compensaƟon
procedure is effecƟve also for 3 and 10.1 µm diameter beads, and that the detecƟon
limit of the device is below 3 µm.
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1 The relaƟve prominence
The expression of the relaƟve prominence P reported in equaƟon (7) of the main text is here
derived.

By subsƟtuƟng equaƟon (6) of the main text into equaƟon (5) of the main text, it follows
that

P = 1− 2s(tc − δ/2)

s(tc − δ/2− γ/2) + s(tc − δ/2 + γ/2)
. (1)

Then, using equaƟon (1) of the main text, it turns out that

P = 1− 2(g(0)− g(−δ))

g(−γ/2)− g(−δ − γ/2) + g(γ/2)− g(−δ + γ/2)
. (2)

Using equaƟon (2) of the main text, and recalling that σ ≪ δ, it turns out that g(−δ), g(−δ −
γ/2), and g(−δ+γ/2) canbe respecƟvely neglectedwith respect to g(0), g(−γ/2), and g(γ/2).
Accordingly, P is transformed into:

P = 1− 2g(0)

g(−γ/2) + g(γ/2)
, (3)

which can be recast into

P = 1− 2e−γ2/(8σ2)

1 + e−γ2/(2σ2)
(4)

Except at most for low values of the relaƟve prominence, the quanƟty e−γ2/(2σ2) is negligible
with respect to 1, so that the following expression is derived:

P = 1− 2 e−γ2/(8σ2) , (5)

reported in equaƟon (7) of the main text.
It is pointed out that both equaƟons (4) and (5) yield effecƟve metrics that can be used

to compensate for the spread in signal amplitude characterizing nominally idenƟcal parƟcles
flowing at different heights. In fact, those metrics are funcƟon of the raƟo γ/σ, which in turn
can be used as an effecƟve metric too, up to a straighƞorward modificaƟon of the calibraƟon
procedure. In this work, the expression (5) has been preferred, as it shares both simplicity and
clear geometrical interpretaƟon.
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