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Abstract
Polydimethylsiloxane (PDMS) is a widely used material for microfluidic devices due to its low
cost, superior optical properties and fast iterative design process. Its softness however creates
challenges for the device design and operation because part of the applied pressures contributes
to deform chips instead of controlling the flow. The resulting dynamic behaviour is often
ignored in passive microfluidic that focuses on the static behaviour of the chip, however, can
cause low accuracy to active microfluidic that actuates flow frequently. Therefore, understanding
the dynamic behaviour of microfluidic devices due to material compliance is of fundamental
and practical importance. In this study, the microfluidic chip compliance is carefully considered
by separating it from the sample tubing compliance. The capacitance is retrieved by assuming a
symmetric RC circuit based on the experimentally determined time constant and chip resistance.
The experimental capacitance is compared to a theoretical formula for chip designs with
different height-to-width ratios and height-to-length ratios and for various fluids. The accuracy
is within one order of magnitude that is much closer than previous approximations.

Supplementary material for this article is available online

Keywords: microfluidics, active control, PDMS, chip deformation

(Some figures may appear in colour only in the online journal)

1. Introduction

1.1. Microfluidic context

Precise control of fluid flow at the micrometer scale is crit-
ical to the design and operation of microfluidic devices, which
offer shorter reaction time and lower reagent consumption as
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compared to their traditional counterparts. These advantages
are leveraged in numerous applications ranging across numer-
ous fields such as biomedical assays (Fu et al 2015, Shembekar
et al 2016, Kim et al 2021, Liu et al 2021), water quality
(Lefevre et al 2012, Patinglag et al 2019, Waghwani et al
2020), drug screening (Courtney et al 2016), materials (Luo
et al 2019), and many more.

The applications use a variety of microfluidic platforms.
The capabilities of both passive and active platforms have been
demonstrated in application-based studies. However, the inde-
pendent use by end-users is still limited. This is attributed to
the knowledge barrier faced by users in addition to the robust-
ness of the microfluidic platforms that should be improved.
The barrier becomesmore difficult to overcomewhenworking
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with droplet microfluidics because of its complex two-phase
flow nature and high speed of droplet generation and manip-
ulations that leaves almost no room for design and operation
errors.

Active platforms are envisioned to palliate the robustness
issues of certain microfluidic platform (Zhang et al 2021,
Hebert et al 2022) because they normally work with simple
geometries, which largely reduces the risks of fabrication
defects and the need to balance flow resistance of a com-
plex channel network involving droplets. Moreover, the act-
ive components handle microfluidic-related knowledge. As a
result, the end-users are expected to more easily adopt micro-
fluidic platforms to leverage their advantages without the need
of extensive microfluidics knowledge such as precise balance
of flow resistance of a channel network. Among the various
active microfluidic platforms, the one presented by Wong and
Ren (2016) offers unique advantages because it enables act-
ive control of individual droplets without the need to incor-
porate external forces. This method relies on the visual feed-
back of droplet position to actuate the pressure source for flow
control and thus achieving droplet manipulations using a few
T-junctions.

1.2. Motivation

Although this active control platform is promising, the accur-
acy of its controller needs to be largely improved. The control-
ler calculates the required pressures for manipulating droplets
based on the fluids theories and the visual feedback of the
current droplet position (Wong and Ren 2016). In the con-
troller, the dynamics of the microfluidic chip due to mater-
ial compliance is not accounted for, which is not completely
valid for microfluidic chips made of soft polydimethylsiloxane
(PDMS), a widely used chip material for microfluidic applic-
ations. For example, part of the applied pressure is used to
deform the chip instead of controlling the flow. As a result,
the calculated pressures are further away from the needed pres-
sures for achieving certain droplet manipulations. Therefore, a
better understanding of the dynamics of the microfluidic chip
contributed by material compliance is envisioned to provide
better accuracy. Moreover, better understanding the dynamics
of the microfluidic chip can provide insights for chip design.

1.3. Literature overview

The dynamic behaviour of the microfluidic chip is seldom
studied in the literature. The passive systems that operate at
steady state disregard transient behaviours. These transient
behaviours inform the dynamic response of the microfluidic
chip system. For active control, the actuation is periodically
adjusted; small scale dynamics matters. The relative softness
of PDMS-based chips is well known in the field. In addition to
change in dimensions due to swelling, the walls of the chan-
nel deform under pressure. A study particularly looked at the
additional flow rate resulting from the top wall deformation
(Christov et al 2018). However, the derivation is restricted to
‘shallow’ microfluidic channels that have a much larger width
than height. Furthermore, the comparison with experimental

data is for an upper wall thickness of 0.2mm.Nevertheless, the
demonstration of the importance of channel deformation for
static flow further motivates the investigation of its dynamic
effects.

The model-based controller in the work by Wong and
Ren (2016) relied on a formulation of the capacitance as per
equation (1) that proved sufficient for stable operation. How-
ever, the formula is not experimentally verified specifically for
the capacitance.

C=

(
A
κ
+

l
β

)
A (1)

where A is the cross sectional area (m2), κ(Asubstrate,E, l) =
AsubstrateE/l is the substrate stiffness (Pa · m), Asubstrate is the
substrate area (m2), E is the elastic modulus of the substrate
material (Pa), l is the channel length (m), and β is the adiabatic
bulk modulus (Pa). Note that the channel cross-section area
(A) is multiplied to the original formula to align with the other
references that consider the flow rate rather than the velocity.

Under the assumption of small deformations, the
microchannel of rectangular cross-section is approximated as
per equation (2) (Cartas Ayala 2013). Although the equations
are presented within the context of a manometer design, they
are deemed pertinent. This equation is indirectly verified
through hydrodynamic resistance experiments. Nevertheless,
the context of the active droplet control platform motivates
a deeper and more thorough consideration of the rectangular
channel capacitance.

C=
α∗ w h l(1+ ν)

E
(2)

where C is the rectangular channel capacitance (m3 Pa−1),
α∗ is a scaling factor depending on the width-to-height ratio
with maximum value of 1 ( ), w is the channel width (m), h
is the channel height (m), l is the channel length (m), ν is the
Poisson’s ratio of the material [ ], and E is the elastic modulus
of the material (Pa).

2. Methodology

The experiments collect the applied pressure and resulting
flow rate at a 1 kHz sampling rate. The objective is to determ-
ine the dynamics between the pressure and flow rate using a
first-order transfer function fit in Matlab.

2.1. Microfluidic chip fabrication

The micro-fabrication process follows a standard procedure
that is detailed in the literature (Qin et al 2010). The soft litho-
graphy procedure requires a master. The fabrication involves
the two-step spin coating of SU-8 2005 and SU-8 2025 on a
silicon wafer.

The PDMS chip is moulded using the master. Although
hydrophobic surface properties are not required because
the tests are single-phase, a similar process is followed to
ensure similar mechanical properties (Johnston et al 2014,
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Figure 1. Experimental setup schematic for data collection with the microfluidic chip before the flow sensor.

Wang et al 2014). The mould is cured at 95 ◦C for 1 h before
bonding to a PDMS-coated glass slide using oxygen plasma.
Then, the chip is baked at 170 ◦C for at least 24 h.

The mechanical properties of the PDMS chip are main-
tained constant throughout the experiments. Consequently, the
weight ratio of the pre-polymer and cross-linker is maintained
at 10–1. More specifically, the 95% confidence interval of the
weight ratio is (9.95, 10.00).

2.2. The impact of the flow sensor and sample tubing
dynamics

The dynamics of the flow sensor and the sample tubing
are experimentally defined to isolate the dynamics of the
microfluidic chip. The details are provided in supplementary
information S1.

In summary, a pressure sensor (TE Connectivity U536D-
H00015-001BG) and a flow rate sensor (Sensirion SLI-430)
are used. Both system outputs are measured at a sampling rate
of 1 kHz. The flow rate sensor is calibrated for each of the flu-
ids considered (water, silicone oil 5 cst, 20 cst and 50 cst).

The dynamics associated with the sample tubing is inde-
pendently assessed. No microfluidic chip is present in the sys-
tem for this series of experiments. Different tubing variables
are considered: the tubing length and inner diameter. The time
constant is experimentally determined for all fluids. The selec-
ted tubing has a inner diameter of 0.020" and a length of
0.769m. The time constant is only significant for silicone oil
20 cst and 50 cst.

2.3. Inlet design

The tubing is connected through a press fit for the 1/16" outer
diameter to the PDMS chip. The inlet then transitions to the
micro-channel. The contribution of the inlet to the time con-
stant is not separately considered. However, microfluidic chips
require the inlet to easily connect the sample tubing. There-
fore, the time constant with the inlet is considered represent-
ative of the usual microfluidic chip use.

The time constant associated with the inlet is the product of
the resistance and the capacitance. However, the much wider
inlet comparatively reduces the contribution to insignificant
levels through a small resistance. Nevertheless, the area is
expected to be between 10% and 500% of the channel area
depending on the dimensions. The area of the inlet is about
5×106µm2. For the smallest channel and the worse case,
the width is 100µm and the length is 10mm for a total area
of 1×106µm2.

2.4. Experimental setup for data collection

The setup to collect data with the microfluidic chip is similar
to the one shown in figure S1.2 in the supplementary mater-
ial. The microfluidic chip can be located either before or after
the flow sensor. If the chip is located after the flow sensor,
the shape of the response will have one zero and one pole.
Oppositely, when the chip is located before the flow sensor,
the response will correspond to the typical first-order system
response with no zeros and one pole. For simplicity, the latter
setup is selected and is illustrated in figure 1.

The time constant is identified from the experimental
data. However, the capacitance of the microfluidic chip is of
interest. In order to relate the time constant to the capacit-
ance, the resistance is required. The resistance of the chip
itself is isolated from the total system resistance by consid-
ering the resistance of the system without the chip. A #10–32
union replaces the chip as per figure 1 to link sample tubing 1
and 2. The base resistance of the system is determined from
an applied constant pressure and resulting flow rate as per
equation (3) (Bruus 2008).

∆P= R ·Q (3)

where ∆P is the pressure different (Pa), R is the resistance
(Pa· s · m−3), and Q is the flow rate (m3 s−1).

The microfluidic chip is primed with a constant pressure of
at least 250mbar for 10min before data collection. This allows
the PDMS to swell and ensures the dimension are consistent
for the duration of the data collection. After the priming phase,
a constant pressure of 200mbar is applied to record the flow
rate. The base resistance of the system–including the sample
tubing and flow sensor–is deducted from the overall system
resistance to isolate the microfluidic chip resistance. The res-
istance is later used to get the chip capacitance from the time
constant.

A series of 8 increasing and decreasing step functions
from 0 to 200mbar is then applied. The input pressure and
output flow rate are recorded with a 1ms time resolution. Con-
sequently, the smallest time constant that the system can con-
fidently identify is 10ms. The series of steps is applied to mul-
tiple chip designs with repetitions with two different chips
on two different days. The time constant is expected to vary
based on three main factors: fluid viscosity, height-to-width
ratio, and height-to-length ratios. Equation (4) combines the
resistance (Bruus 2008) for a rectangular cross-section with
the capacitance (Cartas Ayala 2013) of equation (2).

τ =

(
12 µl

wh3(1− h
w )

)
·

(
α∗ w h l(1+ ν)

E

)
. (4)
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Table 1. Length-to-height ratios with corresponding dimensions.

Length-to-height
ratio (l/h) Length (l) (mm) Height (h) (µm)

200 10 50
300 15 50
600 30 50
1500 45a 30
2500 75a 30
3000 90a 30
a Includes one curvature on the standard 1" X 3" glass slide.

Table 2. Specificationof the length-to-height ratio considered for
each fluid. (The X indicates the selected combination of fluid and
length-to-height ratio. The — indicates the combination is not
included in the paper).

Length-to-height ratio

Fluid 200 300 600 1500 2500 3000

Silicone oil 50 cst X X X — — —
Silicone oil 20 cst X X X — — —
Silicone oil 5 cst X X X — — —
Water — — — X X X

Simplifying equation (4), rearranging, and assuming
that α∗ is only a function of the height-to-width ratio(
α∗ = α∗( hw )

)
yields the following relationship for the time

constant. The different parts of the equation are labelled
according to the factor determining its value.

τ = 12 ·
(
1+ ν

E

)
︸ ︷︷ ︸

material

· (µ)︸︷︷︸
fluid

·
(
l
h

)2

︸ ︷︷ ︸
length

·

(
α∗

1− 0.63 h
w

)
︸ ︷︷ ︸

width

. (5)

For this experimental study, only the fluid, length-to-height
ratio and height-to-width ratio are investigated. Four different
fluids are considered: water, and silicone oil 5 cst, 20 cst and
50 cst. Water and silicone oil are typical dispersed and con-
tinuous phases used in microfluidic. Moreover, silicone oil is
available with a range of viscosity. The height-to-length ratio
ranges from 200 to 3000. The total channel length is restric-
ted by the footprint available on a typical 1" X 3" glass slide.
Moreover, typical channel heights of 30µm and 50µm are
used. Table 1 specifies the height and length combinations
for the six different length-to-height ratios. Furthermore, the
height-to-width ratio is varied for each of the length-to-height
ratio: 1

10 ,
1
6 ,

1
4 , and

1
2 .

Only certain fluids are tested with each length-to-height
ratio. The expected time constant informs whether the inform-
ation is useful. For example, for smaller length-to-height
ratios, the time constant is expected to decrease. Thus, for
water, the higher length-to-height ratios are selected. Table 2
summarizes which length-to-height ratios are considered for
each fluid. Larger length-to-height ratios for silicone oil results
in a flow rate too small to measure with the flow sensor. Smal-
ler length-to-height ratios for water saturates the flow sensor
at its maximum flow.

2.5. Assumptions for the time constant

The time constant resulting from this methodology is attrib-
uted to the compliance of the microfluidic chip. Other factors
are disregarded and are compensated for as follows.

The input pressure is measured directly at the reservoir
holder. Nonetheless, a small pressure offset from the hydro-
static pressure of the fluid in the vial occurs. However,
the maximum height variation is 30mm which corresponds
approximately to 3mbar. Consequently, this is neglected and
lumped with the other system uncertainties.

The time constant associated with the sample tubing was
investigated. Hence, the time constant can be compensated for
to isolate the contribution from the microfluidic chip itself.
Figure S1.3(d) in the supplementary material shows that for
a viscosity smaller than 5 cst—thus for water and silicone oil
5 cst—the time constant is negligible compared to the system
minimal time constant identifiable of 10ms. For silicone oil
20 cst and 50 cst, the time constant is accurately identified for
increasing and decreasing steps.

As for the other dynamics associated with the microfluidic
chip itself, there is inductance and compliance from fluid com-
pressibility. For inductance, the small characteristic length
of the micro-channel unsurprisingly means negligible inertial
effects. Furthermore, a quick calculation with the worst-case
scenario under study confirms the relatively small scale of the
associated time constant. Thus, inductance is not considered.

τLR =
L
R
=

ρl
wh

·
wh3(1− 0.63 h

w )

12 µl
=
h2(1− 0.63 h

w )

12 η
(6)

τLR <
(50 × 10−6)2(1− 0.63 · 0.1)

12 · 1 × 10−6
< 0.2ms. (7)

As for the compliance contributed by the fluid compress-
ibility comparatively to the material deformation, the adia-
batic bulk modulus of the fluids (β) and elastic modulus of
PDMS (E) are compared. The order of magnitude of GPa is
considered for the adiabatic modulus and a typical value of
2MPa is used for the PDMS elastic modulus. Thus, the con-
tribution from the fluid compressibility is only about 0.2% of
the material deformation. Consequently, the compressibility is
neglected, and only the material deformation is considered.

2.6. Data processing

The data is processed first by converting the recorded values to
pascals (Pa) andmeters cubed per second (m3 s−1) for the pres-
sure sensor and flow sensor respectively. The series of eight
increasing and decreasing steps is then separated into smaller
subsets of input and output data. The output flow rate is off-
set using the average of the first 1000 data points. Thus, the
change in flow rate is considered for the first-order model fit.

Then, the Matlab function tfest is used to fit a transfer
function with no zeros and one pole. The time constant (τ ) is
obtained from the denominator coefficients. When using sil-
icone oil 20 cst or 50 cst, the time constant of the tubing must
be compensated for using the data from figure S1.3(d) in the
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supplementary material. The time constant of the chip is iden-
tified through a lookup table built using a combined system
with the time constant of the tubing and an arbitrary time con-
stant covering the desired range. Then, a first-order system is
fit to the combined first-order systems. Based on that identified
first-order system time constant and the tubing time constant,
the time constant of the chip is retrieved.

The time constant of the chip (τchip) considers both its res-
istance (Rchip) and its capacitance (Cchip). The resistance is pre-
viously determined using constant pressure-driven flow. Thus,
the capacitance is calculated from the resistance and the time
constant as per equation (8). A symmetric circuit analogy with
half of the resistance distributed on either side of the capacit-
ance is used. This is privileged over the simpler RC circuit for
the symmetry of the response that corresponds better to the
physical system.

Cchip = 4
τchip
Rchip

. (8)

3. Results and discussion

The calculation of the capacitance compensates for the vari-
ations in resistance from the nominal values. The time con-
stant plots are omitted. Two first-order fit data sets are shown
in figure 2. This case is for a smaller flow rate that exhibits a
smaller signal-to-noise ratio. However, the first-order function
averages the noise and nevertheless provides an acceptable fit.

As expected, the capacitance decreases with an increas-
ing height-to-width ratio; in other words, the more square
cross-section has a lesser capacitance than an elongated
cross-section. The relationship is more or less inversely pro-
portional (C∝ 1

h/w ). The mean capacitance for the vari-
ous height-to-width ratios, length-to-height ratio, and fluid
used are regrouped in figure 3. Each data point is an aver-
age of at least 60 increasing step and 60 decreasing step
capacitance. Moreover, the two series for the same nominal
length-to-height ratio are from two different chips on two
different days. Error bars are omitted due to the relatively
large discrepancy between the increasing and decreasing step
capacitance.

3.1. Comparison with previous models

The capacitance of the microfluidic channel considered by
previous work is given by equation (1). However, the
experimental data significantly disagrees with the previous
equation. The difference is five orders ofmagnitude (O(10−20)
vs. O(10−15)).

Consequently, an another form for the capacitance equation
is considered (equation (2)). The fitting parameter (ϕ) allows
for the adjustment of the capacitance based on the geometry.
Without the fitting parameter, the discrepancy between the
experimental values and the capacitance using equation (2) is
one order of magnitude (O(10−16) vs. O(10−15)). Although
the prediction value is in closer agreement with the experiment
value, the fitting parameter enables a more accurate prediction.

Figure 2. First-order fit of the flow rate based on the measured
pressure.

3.2. Fitting parameter (ϕ)

The fitting parameter (ϕ) compensates for the assumptions
and simplifications leading to the discrepancy between the
predicted and experimental values. Its value is calculated by
dividing the experimental capacitance by all other terms from
equation (2).

ϕ= Cexp ·
E

w h l(1+ ν)
. (9)

The material properties from the PDMS ratio and the chip
thickness are maintained constant for all experiments. Con-
sequently, the fitting parameter should only depend on geo-
metric variables. However, other uncertainties increase the
spread of the data. The inlet hole location varies as it is manu-
ally located and punched before bonding the chip. PDMS
debris are present in various quantity and behaves differently
from chip to chip; the debris are unavoidable as they arise from
the insertion of the tubing in the inlet. Certain chip lengths
(for length-to-height ratios of 1500, 2500, and 3000) needed to
include a curve to accommodate the full channel length within
the glass slide dimensions (1”X3”). Finally, the viscosity is
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Figure 3. Capacitance results for the different fluids (water, and silicone oil 5 cst, 20 cst, and 50 cst) according to the height-to-width ratio.

varied to cover more conditions. However, the resistance com-
pensation effectively negates any influence from the viscosity.
Consequently, the only difference should be from geometry
(height, width, and length). The correlation between alpha and
the normalized width is weaker than for ϕ and the normalized
length. The fitting parameter (ϕ), and thus, the capacitance,
increases with an increasing height-to-length ratio. Longer
channel lengths mean smaller flow rates and smaller additional
flow from the deformation. Thus, the volume per pressure unit
is also reduced, and hence, the capacitance is smaller.

When considering the capacitance trend per chip and per
fluid (see figure 3), the relationship between the capacitance
and the height-to-width ratio is clear. For an increased height-
to-width ratio (or an increased ‘squareness’), the capacitance
decreases. However, the agglomeration of all results into the
fitting parameter plot as a function of the height-to-width ratio
(figure 4(a)) does not exhibit any clear trend. Oppositely, the
relationship between the fitting parameter and the height-to-
length ratio (figure 4(b)) demonstrates an approximately linear
trend. Thus, the fitting parameter (ϕ) dependsmore strongly on
the height-to-length ratio than on the height-to-width ratio.

The static deformation of the channel with the correspond-
ing additional flow rate is dependent on the flow rate (and thus,
indirectly, to the length) (Christov et al 2018). The additional
flow rate from the deformation depends on the second term in
the bracket. A large aspect ratio (i.e. wide channel) is assumed.
The details of the derivation and assumptions are in the paper.

q≈ h30 w∆p
12 µl

(
1+

3
160

(w/t)3(w/h0)(∆p/E)

)
(10)

where h0 is the initial channel height (m), w is the chan-
nel width (m), ∆p is the pressure difference across the
channel (Pa), µ is the dynamic viscosity (Pa · s), l is the chan-
nel length (m), t is the top channel wall thickness (m), and E
is the substrate elastic modulus (Pa).

Another study that is in contrast more experiment-based
arrives to a similar conclusion (Gervais et al 2006). The addi-
tional flow rate depends on the initial channel height (h0) and
channel width (W), but not directly on the channel length.
However, the dependence on the flow rate dictates a relation-
ship to the channel length.

∆Q
Q

=
Qdeform −Qrigid

Qrigid
∼ 3 α

2
∆pW
Eh0

, (11)

where Qi is flow rate (m3 s−1), α is a fitting parameter [ ],∆p
is the pressure difference (Pa),W is the channel width (m), E is
the substrate elastic modulus (Pa), and h0 is the initial channel
height (m).

The spread of the fitting parameter is too significant to for-
mulate an analytical equation for ϕ that provides an adequate
fit for all data. Nevertheless, the use of the fitting parameter (ϕ)
from the plateau at the largest height-to-width ratio for each
chip provides an adequate fit (see figure 5). This further rein-
forces the conclusion that the length-to-width ratio dominates
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Figure 4. Fitting parameter (ϕ) relationship with geometric ratios for all fluids.

Figure 5. Assessment of fit for the fitting parameter (ϕ) as a
function of the chip only. This does not consider variations in
width-to-height ratio; the smallest ϕ value for each chip is used.

over the height-to-width ratio. Even without considering the
height-to-width ratio within the chip-specific data set, a pre-
diction window of ±15% is achieved. However, each fitting
parameter used is specific to the chip. A consensus across the
various chips could not be achieved.

3.3. Limitations and uncertainties

The geometric range of conditions is limited to the height,
width, and length considered. Any extrapolation cannot be
supported. Nevertheless, the dimensions are representative of
a wide range of microfluidic chip designs. Moreover, the wide
range of viscosity of the fluid used (from 1 cst to 50 cst) covers
the usual experimental parameters. Additionally, only PDMS
chips are considered. However, the material is ubiquitous in

themicrofluidic field. Themost common ratio of 10–1 is selec-
ted to ensure a wide extent of the results. Finally, the flow rates
and pressures considered cover a limited range. The step pres-
sure is up to 200mbar. This is a typical pressure for the active
droplet control platform.

There are multiple sources of uncertainties that lead to data
scattering. Nevertheless, the scattering is expected to mimic
the typical use of microfluidic chip in everyday settings. For
a smaller flow rate (as shown in figure 2), the noise is more
significant but still adequate. The first-order fit considers an
averaged value within the noise. The hysteresis of the system
leads to differences between the time constant from increas-
ing and from decreasing steps. However, the time constant is
averaged over both increasing and decreasing steps. The inlets
are manually punched. Therefore, their location is not well
controlled. The variation between the chips of the same nom-
inal dimensions is attributed to that. A more important factor
related to the inlet is its effect on the system capacitance and
the debris accumulation.

The sample tubing is inserted in the microfluidic chip
through a press fit. Although dust and other debris are cleaned
during themanufacturing procedure, the insertion of the tubing
creates small PDMS debris within the microchannel network.
If enough debris accumulate around the inlet, the resistance
of the region is significantly increased. Moreover, the height
depends on the location of the inlet as the top channel wall
deforms with the tubing insertion. The effects on the time con-
stant could be significant. The uncertainties related to the inlet
are challenging to control, their variations are expected to sim-
ilarly impact every day of microfluidic chips.

Finally, the fitting parameter (ϕ) cannot be expressed suc-
cinctly as a function of geometric parameters only. In order to
do so, the contribution from the inlet would need to be taken
into account to limit the data scattering. Moreover, the flow
rate also seems to play an important role; the fitting parameter
more strongly correlates with the channel length and the fluid
viscosity.
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4. Concluding remarks

4.1. Conclusion

The microfluidic chip compliance is considered separately
from the sample tubing compliance. The time constant and
chip resistance are experimentally determined from measured
input pressure and output flow rate. Then, the capacitance is
retrieved by assuming a symmetric RC circuit. The height-to-
width ratio and height-to-length ratio are varied with different
chip designs that are used with various fluids.

The experimental capacitance is compared to a theoretical
formula. The accuracy is within one order of magnitude that
is much closer than previous approximations. The fitting para-
meter (ϕ) exhibits a stronger relationship with the height-to-
length ratio than for the height-to-width ratio. The purposeful
design of the height-to-width ratio enables the minimization
of the capacitance; the height-to-width ratio should be larger
than 0.2. As for the channel length, the longer channels min-
imize the fitting parameter, and thus, the capacitance. For the
same pressure step, longer channels have smaller flow rates,
smaller volume displacement, and thus, smaller capacitance.

4.2. Future work

The results herein presented are exploratory. Further work
should aim to improve the understanding of the microfluidic
chip capacitance. A more extended study with wider pressure
and flow rate range would extend the findings to more con-
ditions. Moreover, the material properties should be varied to
investigate their effects. Different more rigid materials such
as polymethyl methacrylate or polycarbonate might eliminate
the compliance effects. However, it would also be beneficial
to explore the relationship between the capacitance and the
PDMS ratio.

Moreover, further experiments should decouple the inlet
and channel capacitance for a more detailed understanding.
For the channels only, glued capillaries directly connecting to
the channel would avoid the need for inlets.

Finally, the experimental setup with the pressure sensor at
the inlet and flow sensor at the outlet could be supplemen-
ted by another flow sensor at the inlet. The flow rate differ-
ence between the two flow sensors could then be attributed to
the deformation of the microfluidic chip. The timing and syn-
chronization between the sensors are crucial.
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