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Abstract

We report a whispering gallery mode resonator on pillar using inkjet printing com-
bined with traditional microfabrication techniques. This approach enables several dif-
ferent polymers on the same chip for sensing applications. However, polymers inherently
exhibit sensitivity to multiple stimuli. To mitigate the temperature sensitivity, careful
selection of design parameters is crucial. By precisely tuning the undercut-to-radius
ratio of the resonator, a linear dependance in temperature sensitivity ranging from
—41.5pm/°C to 23.4pm/°C, with a zero-crossing point at 47.6 % is achieved. Conse-
quently, it is feasible to fabricate sensing devices based on undercut microdroplets with
minimal temperature sensitivity. The lowest measured temperature sensitivity obtained

was 5.9pm/°C, for a resonator with an undercut-to-radius ratio of 53 %.
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1 Introduction

Polymers, as stimuli-responsive materials, are widely studied for sensing various parameters?.
Among these, gas concentration measurement, crucial in food industry, air quality, mining,
and healthcare?, could benefit from their cost-effective nature and reversible behavior. These

sensors can be either electronic?*

or optical®.

Optical resonators exhibit exceptional suitability for polymer sensors due to their high
sensitivity to small changes. They exist in diverse cavity configurations, including Fabry-
Perot, microrings, microdisks, and microbottles®. The latter is known as whispering gallery
mode resonators for which light undergoes total internal reflection at the circular boundary,
resulting in high-quality factors and low mode volumes. PDMS microbottle” and in-fiber
polymer microdisk® were used for sensing.

In our prior work, we investigated the gas concentration sensitivity of SU-8 disks on
silicon pillars®. This configuration allows a section of the polymer to freely swell due to its
hanging part, resulting in a tenfold increase in sensitivity to gas concentrations compared
to Fabry-Perot resonators functionalized with the same polymer. However, two challenges
persisted. The first challenge involves the lack of selectivity towards a single gas, as this
particular polymer demonstrates sensitivity to at least six gases. The second challenge relates
to temperature sensitivity, since to obtain the reported limits of detection, temperature
fluctuations must be maintained below 80 mK.

Since it was shown that the affinity of polymers are different for each gas, with the
response of multiple polymers, it is possible to get the concentration of each gas from a mix-
ture!'®. However, the current microfabrication process—comprising spin coating and pho-
tolithography—restricts the utilization of only one photosensitive polymer per microchip.
Additive methods like drop-on-demand inkjet printing are well suited to deposit these dif-
ferent polymers on the same optical microchip.

Polymeric resonators were reported to be successfully fabricated using inkjet printing

and investigated for low-threshold lasing!! and biosensing'?. This technique proves to be



cost-effective, minimizes material wast, and enables the production of smooth surfaces with
ease. This versatile technique allows for the printing of various materials, including different
polymers 315, Moreover, printing of multiple materials in close proximity is possible, which
is advantageous to create a sensor matrix!6.

The second issue is related to the versatility of polymers since they are sensitive to
other quantities than gas concentration'”. They can be used, for example, as a temperature

8 or a pH sensor'. This versatility is both an advantage and a disadvantage since it

sensor !
can lead to cross-sensitivity issues, resulting in erroneous readings of the measured values.
In the case of temperature sensitivity, specifically, the high thermal expansion and thermo-
optic coefficients of polymers which make them advantageous for optical temperature sensing
applications'®, pose challenges when measuring other quantities?%2!,

First, temperature can be decoupled by measuring it'%??>2*, By subtracting the con-
tribution of the temperature, it becomes possible to extract the desired value accurately.
However, since each measurement carries inherent errors, the device precision is decreased.
Thus, it is still important to lower the sensitivity of the interfering quantity to some sensing
elements.

Thus, another strategy would be treating the polymer matrix using high-temperature
annealing? or incorporating materials with negative temperature coefficients?® to mitigate
the temperature sensitivity. However, it increases the material complexity. We propose an
additional strategy to mitigate temperature cross-sensitivity by optimizing design parame-
ters. Our objective revolves around minimizing sensitivity to temperature by modifying the
resonator’s undercut.

To address both these issues, we studied the temperature sensitivity of a polymer mi-
crodroplet on a pillar combining inkjet printing technology and microfabrication. Our main
motivation is to mitigate the temperature crosstalk of inkjet-printed SU-8 resonator towards

the development of a general multi-polymer sensing platform, targeting first gas sensing.

The temperature sensitivity mechanism is based on the change of the resonance condition



of the microdroplet (Fig. 1a). A rise in temperature induces polymer expansion and alters
the refractive index (Fig. 1b). These phenomena are denoted as thermal expansion and

thermo-optic effect, respectively. These changes lead to a shift in the resonance wavelength.
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Figure 1: Temperature sensing mechanism of an all-polymer microdroplet on pillar. a) A
peak shift (A)) is observed when the resonance condition varies with temperature (AT'). b)
This shift is attributed to thermal expansion (AR) and change of the refractive index (An).

SU-8 was selected for this study to follow our previous work with humidity sensitivity of
SU-8 disks on a silicon pillar using photolithography®. Moreover, previous research has shown

27-30

successful inkjet printing of this polymer and it has been employed in the fabrication of

humidity sensors®!.

2 Microfabrication and Optical Characterization

The fabrication process (Fig. 2a) begins with a cleaned silicon wafer (100 mm, <100>, p-type,
1-20 Q cm). The substrate is dehydrated, then primed with hexamethyldisilazane (HMDS) to
enhance adhesion of polymers. Drop-on-demand inkjet printing is employed to deposit SU-8
droplets (Step 1) by using MicroChem’s SU-8 2000.5 (14.3 % solid in cyclopentanone) as the
ink. The solution possesses a viscosity of 2.49 cP and a density of 1.070g/mL. Printing is
carried out using an inkjet printer (Microdrop Technologies) equipped with a piezoelectric-
driven printing head. The printing parameters, as specified in Table 1, were optimized

to ensure optimal stability during the deposition of the viscoelastic polymer ink3?. In-



flight droplets with a radius of 60 pm are obtained (Fig. 2b). Subsequently, a softbake was
conducted on a hotplate for 5min at 95°C (Step 2). The droplets are then exposed to UV
light with a dose of 160mJcm 2 using a Karl Suss MA-6 followed by a post-exposure bake
on a hotplate for 5min at 95°C (Step 3). To form the pillar and to release the droplet,
the silicon substrate is etched with an SFg plasma (Step 4). An inductively coupled plasma
(ICP) system (Oxford Instruments PlasmaLab ICP System 100) is used with 500 W of power
employing ions acceleration, and operating at 25 mTorr. The etching time is adjusted to

control the desired undercut length.
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Figure 2: a) Fabrication process of a polymer microdroplet on pillar. b) In-flight inkjet-
printed droplets ejected from the printhead. ¢) Top-down view of a microdroplet, revealing
the underlying pillar. d) Scanning electron microscope images of the microdroplet on pillar.
e) Radial height profile of the microdroplet.

Figure 2¢ shows a top view optical microscope image capturing an SU-8 microdroplet on
pillar with a diameter of 104 pym and an undercut of 20 pm. Scanning electron microscopy
(SEM) images (Fig. 2d) validate these values, providing both an overall and side view. The

microdroplet’s edge appears wedged. The profile of the droplet is further analyzed using



Table 1: Inkjet printing parameters

Parameter Value
Voltage (V) 85
Pulse duration (yis) 25
Nozzle diameter (pm) 100
Back pressure (mbar) —16

Nozzle temperature (°C) 25
Substrate temperature (°C) 30

profilometry, as depicted in Fig. 2e. The measurement begins at the center of the droplet
and extends radially towards the edge, allowing for a comprehensive examination of its shape
and dimensions. The resulting shape reveals a central plateau with a thickness of 254 nm.
Additionally, a specific area positioned at a distance of 39.2 pm from the center exhibits a
significantly higher thickness of 918 nm. This profile indicates the presence of the coffee ring

t,33 influenced by the rate of solvent evaporation and controllable with the substrate

effec
temperature.The surface morphology play also a role in the profile shape. The smooth,
hydrophobic and homogeneous surface prior to the deposition ensures the circular symmetric
structure essential for a whispering gallery mode resonator. Finally, the radial profile will
impact slightly both the effective radius and the refractive index of the resonance optical
mode where the edge wedge will push the mode inward3!. This only affects temperature
or gas concentration sensitivity minimally. Nevertheless, for consistency in the process, the
substrate temperature was maintained at 30 °C.

Optical characterization was performed by taking the transmission spectrum of a tapered
optical fiber (SMF-28¢) with a diameter of about 1pm coupled to the microdroplet. The
optical fiber was positioned on the top surface and at the edge of the microdroplet using
multi-axis precision stages. A tunable laser source is synchronized with an optical power
meter to acquire the transmission spectrum. Resonances of both transverse electric (TE)

and transverse magnetic (TM) modes were observed. To optimize the optical fiber mode to

align with either of these resonant modes, a polarization controller was used.



Figure 3 shows an example of a transmission spectrum spanning over four free spectral
ranges (FSR) which is 5nm with six distinct modes represented by six minima. A closer
examination around 1543.64 nm allows the measurement of the full width at half-maximum
(FWHM) of the peak, which amounts to 106.1 pm. This measurement allows for the deter-
mination of the quality factor (Q-factor), yielding a value of 1.46 x 10*. This value surpasses
that of the photolithography SU-8 resonator®' which has a Q-factor of 103. The surface ten-
sion of the droplet helps in smoothing the SU-8/air interface and decreases surface scattering

loss. Moreover, it outperforms previous inkjeted microcavities3® exhibiting a Q-factor of 10%.
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Figure 3: Optical transmission spectrum of a tapered optical fiber coupled to a microdroplet
on pillar with a close-up view of a peak, along with a schematic representation of the exper-
imental setup utilized.

3 Temperature Sensitivity Measurements

In order to assess the temperature sensitivity of the device, it is packaged within a compact

enclosure and exposed to a controlled nitrogen flow with a flow rate of 5000 sccm regulated



by a mass flow controller depicted in Fig. 4a. The temperature is controlled through a dual
approach. Firstly, the chip is positioned on a thermoelectric module that is interfaced with
a PID controller (MTD1020T). Secondly, the nitrogen flow passes troughs a heated copper
block. The temperature of the nitrogen flow is measured immediately prior to its entry into
the sample box. Both the temperature of the chip and the temperature of the nitrogen flow
are adjusted in tandem, utilizing the same setpoint for precise temperature control.

The temperature range explored during the experiment spans from 30 °C to 44 °C which
is significantly lower than the glass transition temperature of SU-8 of 210°C. Two ramps
are conducted where the initial ramp serves to condition the sensor. Transmission spectra
are captured at intervals of 10seconds. The position of each peak is recorded, as depicted in
Fig. 4b. We observe a negative proportional response of the sensor as illustrated in Fig. 4c.
The displacement of this peak amounts to approximately 0.6 nm for a temperature variation
of 14°C.

In order to quantify the temperature sensitivity, we conducted measurements by tracking
the resonance peaks while systematically adjusting the temperature. Optical transmission
spectra were acquired using the same setup employed for the initial optical characterization.
At the end of each temperature plateau, the positions of the peaks were averaged over a du-
ration of 90 seconds. By performing a linear regression analysis, the temperature sensitivity
of the device was determined (Fig.4d). The control uncertainties, expressed as 3 — o errors,
were found to be 7.6 m°C and 37.5m°C for the chip and flow temperature measurements,
respectively. Regarding the peak positions, the overall error was 8 pm.

These measurements were conducted on six different samples, each possessing a distinct
undercut-to-radius ratio ranging from 22.5% to 59.0 %. The corresponding sensitivities are
presented in Table 2 along with the regression errors on the slope and the coefficients of
determination R?. The latter is minimal for the sample with the slightest sensitivity which

gives peak displacement values near the noise level.



Table 2: Sensitivity measurements for six samples with different undercut-to-radius ratio

Ratio Undercut Radius Sensitivity Error — R?
% pm nm pm/°C  pm/°C
22.5 12.8 57.1 —38.0 0.3 0.99
24.0 12.6 52.7 —41.5 0.4 0.99
32.6 17.0 02.2 —24.8 1.5 0.90
38.9 20.2 52.0 —18.3 0.6 0.84
03.3 274 51.4 5.9 0.6 0.62
09.1 30.9 52.3 234 1.6 0.92
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Figure 4: a) Experimental setup for the temperature sensitivity measurements. b) Spectra at
different temperatures showing the peak displacement. c¢) Tracking of a single peak position
while varying the temperature over time. d) Linear regression of the peak displacement

versus temperature.
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4 Modeling and Discussion

The temperature sensitivity was modeled by taking into account both the thermal expan-
sion of the SU-8 material and its variation in refractive index with temperature, which is
determined by the thermo-optic coefficient. Simulations were performed on the COMSOL
software employing finite element analysis over a 2.5D axis-symmetric model of the resonator
on pillar. This modeling approach takes into account the inherent cylindrical symmetry of
the problem, utilizing the radial coordinate r and the axial coordinate z. The origin of the
coordinate system is positioned at the center of the droplet’s base. The shape of the polymer
resonator was obtained by extracting the measured profile (Fig. 2¢). Mechanical properties
utilized in the simulations were sourced from the photoresist datasheet, with values of 60 MPa
for tensile strength and 2.0 GPa for Young’s modulus.

The thermal expansion and thermo-optic coefficients were determined through ellipsom-
etry measurements. The SU-8 was spin-coated on a silicon substrate, following the same
treatment as the SU-8 microdroplets in terms of UV exposure and baking. Ellipsometry
measurements were performed under a nitrogen atmosphere while varying the temperature
from 25°C to 90°C. By analyzing the changes in refractive index and thickness with tem-
perature, the thermal expansion coefficient and the thermo-optic coefficient were calculated.
The obtained coefficient of thermal expansion was 150 ppm /K, which is three times higher
than the value stated in the datasheet®® (52 ppm/K). The thermo-optic coefficient was found
to be —90 ppm/K, which is half of the values reported in the literature3™ 3 at —180 ppm /K.
To illustrate the effects of thermal expansion, the deformation of the material was simulated
for a specific temperature change of 10°C (Fig. 5a). In a second step, and using the thermo-
optic coefficient to account for the change in refractive index, the optical resonance mode
was then calculated based on the deformed shape (Fig.5b). The temperature was assumed
to be uniform all across both the polymer and the pillar.

Upon observing the expansion resulting from a positive temperature change (Fig. 5¢),

it can be observed that the outer edge of the resonator expands outward by approximately

10



40 nm for a temperature increase of 10 °C, while also bending downward by around 20 nm for
the same temperature change. This behavior is attributed to the difference in thermal ex-
pansion coefficients between the SU-8 material and the silicon substrate. Following the mode
calculation, we extract both the effective refractive index and the change in the material’s
refractive index. They both exhibit a decrease with increasing temperature. Consequently,
the resonance wavelength of the system will be influenced by both the change in refractive

index and the geometric alterations resulting from the expansion.

o
e

50 &
=3
40
m —~~
30 3 £
~ ~
20 5
3
10

40 45 50 55 60

C) r(um) d)

60 [ oX 103
’é Mode maximum \ong (
§ 40 Resonator edge @ c
é 20 + S
@ -
8 of s 0
E >
Q. ——— Refractive index
o -20
a along z ——— Effective refractive index
-40 L— - : : : : A= - - - - -
20 22 24 26 28 30 20 22 24 26 28 30
Temperature (°C) Temperature (°C)

Figure 5: a) Simulated thermal expansion displacement field, with the displacement exag-
gerated by a factor of 5 for a temperature variation of 10°C. b) Simulated optical mode,
showcasing the electric field amplitude of the fundamental mode with the previous deformed
resonator shape for a temperature variation of 10°C. c) Displacement analysis of the mode
maximum and drop edge along the r and z axes as temperature increases. d) Variation
in refractive index change based on the thermo-optic coefficient and the effective refractive
index with temperature.

In order to investigate the individual effects of the thermal expansion coefficient and

the thermo-optic coefficient, simulations were conducted on the same device while setting
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one coefficient to zero at a time. Figure 6a presents a comparison of the resonance wave-
length shift with temperature for these separate cases. It is observed that the thermal
expansion coefficient and the thermo-optic coefficient exhibit opposite effects. By carefully
designing the device, these coefficients can counteract each other, resulting in a significantly
reduced temperature sensitivity. However, when both effects are considered simultaneously,
the combined contribution deviates from the simple summation of the effects obtained from
individual simulations. This suggests that the two coefficients are not entirely linearly in-
dependent and may interact with each other in a more complex manner. For example, the
expansion resulting from the thermal effects also impacts the effective refractive index of the
system.

A previous study established a relationship between sensitivity to humidity for a rect-
angular disk® with a refractive index n, radius R, and undercut u. Drawing an analogy

Ae An

between humidity-related expansion (A—c) and optical coefficients (A—C) to thermal expansion

An
AT

(ﬁ) and thermo-optic coefficients (

N ), we can derive the thermal sensitivity (S) for the

same disk as follows:

5= (Srm+ran): )
where )\ represents the resonance wavelength. Notably, the thermal sensitivity exhibits a
linear dependence with the ratio of the undercut to the radius (u/R). This relationship, how-
ever, may not hold true for drop-shape resonators due to their wedge profiles. Nevertheless,
investigating the parameter u/R in our simulations provides valuable insights. Additionally,
this relationship highlights the counteractive effects of the thermal expansion and thermo-
optic coefficients. As the thermo-optic coefficient is negative, it is possible to choose an
appropriate u/R value that cancels out both terms, resulting in a zero thermal sensitivity.
Such measurements were performed for various u/R ratios, and the wavelength shifts of
different optical modes were tracked (Fig. 6b). It is observed that the sensitivity is more

affected by the polarization than by mode numbers. Specifically, the transverse electric (TE)
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modes consistently exhibit a red shift, causing their resonance peaks to shift towards longer
wavelengths for all investigated u/R ratios. On the other hand, the transverse magnetic
(TM) modes demonstrate zero sensitivity at an u/R ratio of approximately 30 %. Below
this threshold, their resonance peaks undergo a blue shift, indicating a shift towards shorter
wavelengths as the temperature increases. Throughout the remainder of the simulation
study, the fundamental TM mode is selected for analysis. This mode exhibits the highest
quality factor, making it the preferred choice for tracking and analyzing the corresponding
resonance peak with the experimental data.

Figure 6¢ presents a comparison between the simulation results and the experimental
study. The sensitivities of the six fabricated devices, each with a different undercut, are
reported with a linear regression. The trend observed in the experimental data aligns closely
with the simulation findings with a slightly different slope and a minor translation. The
zero sensitivity point occurs around an u/R ratio of approximately 48 %. Several factors
may contribute to the difference observed between the experimental and simulated results.
These include potential errors in the measured thermal expansion and thermo-optic coeffi-
cients. Moreover, the microfabrication process itself can introduce variations in the polymer
properties. Factors such as exposure to a vacuum chamber and plasma treatment during
pillar etching can affect the mechanical properties of SU-8. Notably, the hardbake process

d*%4L Despite these po-

of SU-8 has been identified as particularly influential in this regar
tential variations, the simulation used the values provided in the datasheet for the material
properties. Additionally, measurements of the resonator profile, undercut, and pillar shape
inherently involve uncertainties, which can contribute to deviations in the observed sensitiv-
ities. Nevertheless, both the experimental and simulated data demonstrate positive slopes
and pass through a point of zero temperature sensitivity, indicating the presence of a critical
u/R ratio.

An empirical linear relationship between the thermal expansion and thermo-optic coef-

42

ficients has been observed in polymers The coefficients obtained through ellipsometry
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on the resonance shift with temperature. b) Temperature sensitivity variation across u/R
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experimental results and simulation using measured coefficients.
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measurements in this study closely align with this relationship. Specifically, for a thermal
expansion coefficient of 150 ppm/K, the measured thermo-optic coefficient is —90 ppm/K,
which deviates slightly from the expected value of —84 ppm /K. However, the thermo-optic
coefficient value reported in the literature does not follow this trend when compared to the
thermal expansion coefficient provided in the datasheet, which should be —29 ppm /K instead
of —180 ppm/K.

The undercut parameter plays a crucial role in engineering the thermal sensitivity of a
polymer resonator on pillar. Due to the complex geometry of the structure, determining
the optimal undercut value for achieving minimal temperature sensitivity through simula-
tion alone becomes challenging. Furthermore, the polymer properties are influenced by the
intricacies of the fabrication process, making it difficult to precisely extract the properties
of a microdroplet deposited by inkjet. Therefore, employing an empirical characterization
approach to study the thermal sensitivity of devices with varying the u/R ratio proves to be
an effective method for identifying an undercut value that exhibits insensitivity to tempera-
ture. This approach significantly reduces the impact of thermal noise crosstalk and enhances
the overall performance of the sensor.

This study focus on a resonator with a drop shape to explore the possibility to use inkjet
printing to fabricate an optical sensor made of polymer. Previous work with a polymer disk
made with photolithography? did explore the temperature sensitivity for a unique u/R ratio
of 16.7 % with a radius of 60 pm. The measured temperature sensitivity is reported to be
—169.7 pm/°C which is much higher than what was reported for this study. It is closer to
the simulation done with the literature values for the thermal expansion and thermo-optic
coefficients. Tt is believed that the shape of the resonator impact the temperature sensitivity.

Although theoretically feasible to achieve complete temperature insensitivity with the sus-
pended SU-8 resonator, uncertainties within the microfabrication process impose constraints
on attaining the lowest possible temperature sensitivity. Experimentally, we managed to

achieve a minimum temperature sensitivity of only 5.9 pm/°C, representing over 28 times

15



less sensitivity than the rectangular suspended SU-8 resonator®. In comparison, an SU-8
microcavity produced via inkjet printing and coated in PDMS?? displays a temperature sen-
sitivity of —120 pm/°C. For the latter case, given its attachment to the substrate, only the
thermo-optic coefficient contributes to the sensitivity. In contrast to other polymer-based
optical temperature sensors, our less sensitive resonator demonstrates sensitivity three or-
ders of magnitude lower*®. For instance, a silk fibroin microtoroid** showcases a temperature
sensitivity of 1.17nm/°C.

Another approach previously reported to reduce the temperature sensitivity of a polymer-
based optical resonator involves polymer annealing®’, resulting in a decrease of one order
of magnitude (from 0.793nm/°C to 0.068 nm/°C). Through meticulous adjustment of de-
sign parameters, our approach achieves a comparable reduction in magnitude. Continued
improvements in our technique hold the promise of achieving an even lower temperature
sensitivity by enhancing control over the fabrication process.

Through the manipulation of the u/R ratio, precise control over the temperature sensi-
tivity of the inkjet-printed optical resonator on pillar was achieved. This parameter allowed
an insensitive sensor to temperature to be fabricated, as evidenced by the crossing of the
temperature sensitivity through zero. By effectively mitigating the crosstalk between tem-
perature fluctuations and the desired measured stimulus, the limitations imposed by the
inherent temperature sensitivity of polymers were addressed. This ability to restrict and
modulate temperature sensitivity is of great significance in the design of highly accurate and

precise Sensors.

5 Conclusion

The design approach employed in this study offers a convenient means of adjusting the tem-
perature sensitivity of an optical resonator on pillar fabricated by combining inkjet printing

technology and microfabrication. By adjusting the undercut, it becomes possible to achieve
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extremely low sensitivity to temperature fluctuations. Such insensitivity to temperature
minimizes crosstalk and enhances the sensor’s precision in detecting other stimuli.

While this study primarily focused on investigating the influence of the u/R ratio on
temperature sensitivity, other parameters can also be varied. For instance, the shape of
the inkjet-printed droplet can impact the position of the resonant optical mode and, conse-
quently, the effective refractive index. It is hypothesized that altering the shape, either by
adjusting surface tension or by modifying the substrate and ink temperature during inkjet
deposition, can affect the temperature sensitivity. Further research is required to explore
these possibilities in more detail.

The u/R ratio is hypothesized to influence the sensitivity to various stimuli. This pa-
rameter, in conjunction with others, establishes a design space that necessitates exploration
for effectively modulating the sensitivity to each stimulus. In cases where both the change in
refractive index and thermal expansion exhibit an impact on sensitivity in the same trend,
adjusting the u/R ratio can potentially enhance the sensitivity to that specific stimulus. A
greater undercut allows for a larger region of the disk to undergo unconstrained expansion.

Finally, we have effectively addressed two key concerns associated with the polymeric
whispering gallery mode resonator gas sensor. Employing drop-on-demand inkjet printing
proved successful in fabricating the device, paving the way for the application of this fab-
rication technique to other polymers within the same microchip. Additionally, we propose
a strategy to mitigate temperature cross-sensitivity through the optimization of a design
parameter. This study systematically examines the dependence of temperature sensitivity
on the u/R ratio, utilizing both experimental techniques and numerical simulations. By mit-
igating temperature sensitivity, we enhance the precision and expand the detection limits of
our gas sensor.

This work represents an initial step towards a new sensing platform that combines poly-
mer science with high-quality-factor optical resonators. The utilization of inkjet printing as

an additive fabrication technique enables the integration of multiple polymers on a single
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chip, offering the potential for developing multiplex sensors. To fully realize this goal, further
investigations into different polymer materials and the integration of resonators through cou-
pling to optical waveguides are necessary. It is believed that this platform holds significant

promise for various sensing applications, such as gas sensing.
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