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Summary 

 

Polymers, demonstrating distinctive optical properties alongside facile and mastered fabrication methods, have 

become increasingly important platforms for realizing a variety of nanophotonic devices. Enhancing these 

materials with additional functions might expand their range of multidisciplinary applications. Here, we 

demonstrate the temperature sensing potential of SU8-Phenylenediamine (SU8-mPD), which was produced by 

epoxy amination of the SU-8 polymer. The SU8-mPD properties were examined through a series of molecular 

structural techniques and optical methods. Thin layers have demonstrated optical emission and absorption in 

the visible range around 420 and 520 nm respectively alongside a strong thermal responsivity, characterized by 

the 18 ppm·K-1 expansion coefficient.  A photonic chip, comprising a thin 5-10 μm SU8-mPD layer, encased 

between parallel silver and/or gold thin film mirrors, has been fabricated. This assembly, when pumped by an 

external light source, generates a pronounced fluorescent signal which is superimposed with the Fabry-Pérot 

(FP) resonant response. The chip undergoes mechanical deformation in response to temperature changes, 

thereby shifting the FP resonance and encoding temperature information into the fluorescence output 

spectrum. The time response of the device was estimated to be below 500 msec opening a new avenue for 

optical sensing using SU8-based polymers. Thermoresponsive resonant structures, encompassing strong 

tunable fluorescent properties, can further enrich the functionalities of nanophotonic polymer-based 

platforms. 
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Polymers have long been recognized for their versatility in diverse applications, ranging from structural 

materials to advanced electronic devices1. For example, polymer-based sensors are used to detect 

gas, humidity, pressure, specific molecules, and more2–4. Among a variety of available polymers, SU-

8 has a special nische5–7. SU-8 is a negative, epoxy-type, near-UV photoresist derived from the EPON 

SU-8 epoxy resin8. Initially developed for realizing lithographic masks for microelectronics, it became 

a platform for high-aspect-ratio microstructures9. Beyond microelectronics, SU-8 found its niche in 

microfluidics10–13, MEMS (Micro-Electro-Mechanical Systems), and biomedicine, showing adaptability 

across various domains14. SU-8 also has remarkable optical properties. It is inherently transparent in 

the visible spectrum and has a refractive index higher than glass, these, combined with its well-

established methodology in fabrication, inspired a variety of optical applications15,16 including 

waveguides and resonators5. Considering the remarkable optical properties alongside the facile 

fabrication approaches to treat SU-8, this material has the potential to serve as a multifunctional 

platform in nanophotonic applications 17. One among the variety of options is to explore the 

temperature capabilities of SU-8-based devices. Given the strong temperature-dependent 

characteristics of SU-8, it can be considered an excellent candidate for such applications18–20. 

Furthermore, the compatibility of SU-8 with microfabrication techniques allows for the development of 

miniaturized sensors that can be integrated into complex systems, offering real-time temperature 

monitoring with high spatial resolution. For example,  SU-8 was used in the thermal flow sensor21. 

Optical methods for temperature sensing play a role in monitoring industrial processes, environment, 

and medical diagnostics to name a few22–24. Among a variety of possible architectures, interferometric 

methods are among the most accurate. Recently reported temperature sensors based on optical fiber 

architectures, especially those utilizing the Fabry-Pérot (FP) effect, have demonstrated superior 

sensitivities, response time, and temperature resolution. For example, 84.6 pm°C-1 sensitivity 

alongside a fast response time of 0.51 ms, has been demonstrated18. A miniaturized optical fiber tip 

sensor for high-temperature applications with a sensitivity of 0.01226 nm°C-1, suitable for 

environments up to 1000 °C has been shown25. Another high-temperature sensor based on a sapphire 

fiber FP interferometer, capable of withstanding temperatures as high as 1550 °C with a sensitivity of 

32.5 pm°C-1 26 was reported. These studies exemplify the versatility and adaptability of FP sensor 

technologies across a wide range of temperature conditions. The essence of FP sensor operation is 

the shift of the optical resonance with refractive index changes. Furthermore, variations in FP sensor 

designs further highlight their possible perspective potential 27,28. 

Remarkably, the optical characteristics of SU-8, and particularly its refractive index, are susceptible 

to temperature changes. Therefore, it is a prime candidate for use in optical temperature sensors29.  

Here we explore thermoresponsive properties of SU8-meta Phenylenediamine (SU8-mPD)30–32, 

synthesized through epoxide amination of SU-8 to impart fluorescence abilities to the film. The optical 

properties, chemical structure, and photoluminescence of this material are investigated at different 

temperatures, and key parameters are extracted. Based on those results, we demonstrate a chip 

consisting of a thin SU8-mPD layer, sandwiched between two parallel metal mirrors - silver and gold 
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thin films. This structure is optically pumped by an external light source and, as a result, a strong 

fluorescent signal is generated. The device’s output signal is the fluorescent signal, superimposed 

with FP resonant response. SU8-mPD layer, experiencing mechanical deformation in response to the 

temperature change, changes FP resonant conditions and, as a result, the output fluorescent 

spectrum imprints the information on the temperature – Figure 1. The fluorescent-based architecture 

has an advantage over the passive resonant FP realization as it potentially relaxes the constraints on 

optical system alignment and thus can be advantageous in remote sensing scenarios.  

 

 

Figure 1: Schematics of FP-based temperature sensor, encompassing two mirrors and a 
thermoresponsive conjugated fluorescent polymer. The structure is pumped at ω1 and emits light at a 
temperature-dependent wavelength. The measurement is the shift of the emission peak, i.e., 'Δω2', 
which depends on the distance between the mirrors. Thermoresponsive polymer experiences 
contraction or expansion 'Δx', depending on the temperature change, which is monitored by 'Δω2'. 
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Methods 

Materials 

All materials were procured from the following sources: photoresist 3005, 3050, methyl ether acrylate 

(PEGMEA), and SU8 developer were obtained from Bachem (UK) Ltd. Meta-phenylenediamine (m-

PD), and Hydrochloric Acid (HCl) were sourced from Merck Ltd. All experiments utilized 18MΩ 

deionized water. ITO Slides 100nm on BK7 glass from Sigma Aldrich. 

SU8 Conjugation to Phenylenediamine 

The desired meta phenylenediamine isomer (m-PD) was dissolved in either SU8 developer or 

PEGMEA through sonication. This saturated solution was then added in varying quantities to a 5 mL 

polymer solution and mixed thoroughly. The color transition of the SU8 solution from light yellow to 

dark green was observed after 24 hours, indicating that spectral changes stopped, and the reaction 

ended. HCl from a concentrated solution was added to the reaction to tune 5mM.  

Thin Film Deposition 

Clean ITO-covered glass microscopes, after being diced into 2x2cm squares, were used in a clean 

room atmosphere. The metallic mirrors were evaporated on top of the ITO and SU8-mPD layers by e-

beam evaporation. VST evaporator was technically used at 10-7 atm. The evaporation was done at 

slow rates of 0.4AS-1. After finalizing the process, the samples were stable for two years. 

Optical Properties of Conjugated SU8 

Optical properties were determined using photoluminescence excitation (PLE) spectroscopy with a 

Synergy H1 plate reader. Absorbance spectra were measured using a Macys1100 spectrophotometer 

equipped with a tungsten lamp source and a silicon photodiode detector. Before testing, samples were 

diluted with deionized water. Fluorescence lifetime measurements were conducted using a PicoQuant 

system with a Taiko picosecond diode as the 375 nm excitation source. Confocal images were 

obtained using the Leica 8 system. 

The materials were deposited using an ion beam evaporator, with silver (Ag) and SU8 being spin-

coated. Transmission and reflection spectra were obtained using a custom-made setup with an Andor 

spectrometer. Temperature control during heating and cooling experiments was achieved using a 

dedicated apparatus, and some experiments were conducted in a vacuum chamber equipped with a 

temperature controller. 

ATR-Fourier Transform Infrared Spectroscopy (FTIR) and Proton Nuclear Magnetic 

Resonance (1H-NMR) 

A Nicolet iS10 FTIR Spectrometer equipped with a KBr/Ge beam splitter and a DTGS detector was 

used to take FTIR spectra. Dry samples were analyzed by ASTM E1421 standards. For the 1H-NMR 



5 

 

 

 

 

analysis, dried and purified SU8-MPD powder was dissolved in chloroform and analyzed using a 

Bruker Ascend 500 High-Resolution NMR machine. 

Atomic Force and Electron Scanning Microscopy 

Film surface and cross-sectional thickness were examined using an environmental electron scanning 

microscope (ESEM). Surface roughness was further characterized using a JPLEC atomic force 

microscope (AFM). 
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Results and discussion 

The FP-based temperature sensor is based on a thermoresponsive polymer (SU8-meta 

Phenylenediamine – SU8-mPD) layer, sandwiched between two metalized mirrors.  

The mirrors are formed by a BK-7 glass slide, coated with 100 nm indium tin oxide (ITO) and 30 nm 

metal via ion beam evaporation. The aminated epoxy is then spin-coated on top of the processed BK-

7 glass slide. After the soft baking process, another 30 nm layer of metal is deposited to form the 

upper mirror. Both silver (Ag) and gold (Au) coatings were assessed in this study. Fabrication details 

are elaborated in the Methods section. 

Film characterization 

In the first step, several characterization techniques were applied to reveal the layer parameters and 

surface quality of the device. Scanning electron microscope (SEM) images of the edge were acquired 

- Figure 2(a-b).  

While analyzing SEM images enables extracting information on actual layer thickness, confocal 

imaging allows assessing the uniformity of mPD distribution inside the polymer. The layer thickness 

as observed in Figure 2(b) is nearly 10 µm. Figure 2(c) demonstrates a nearly homogeneous light-

emitting layer of ~12 µm thickness (pump at 488 nm, emission at 505-700nm band, detailed 

investigation of optical properties will follow). The fluorescent layer thickness was estimated by fitting 

the cross-sectional intensity with a Gaussian profile, as it appears in Figure 2(c). Atomic Force 

Microscopy (AFM) was used to probe the surface roughness of the mirrors, which might be affected 

by ion beam evaporation and inhomogeneity of SU8 in the case of the upper mirror. Figure 2(d-e) 

demonstrates the colormap and the corresponding 3D view of the surface, indicating the topology 

variations below 3 nm, maintained over large-scale areas, prevailing microns across. To investigate 

the topology variations on the millimeter to centimeter scale, the device was imaged after illuminating 

the structure with a 532 nm LED source and obtaining an interference pattern from SU8-mPD (optical 

details will follow) - Figure 2(f). Long-range variations of contrast demonstrate micron scale 

(wavelength comparable to creating an interference speckle) imperfections within the film. 

Nevertheless, finding homogeneous areas with sizes, prevailing the focal spot size of the collection 

objective is rather trivial and will be done in the subsequent realization of the temperature sensor.  
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Figure 2: Characterization of SU8-mPD conjugated thin films. (a)-(b) Cross-section SEM images of 
SU8 films on a glass coverslip, (c) Cross-section of the fluorescent film as observed in the confocal 
microscope (488 nm pump). The fluorescent profile is fitter with Gaussian and the red arrow indicates 
its 12 µm width. (d)-(e) High-resolution AFM image of the surface roughness in 2D and 3D layouts, 
respectively. (f) Image of the chip under 532nm LED showing interference patterns. 

   

Optical and Structural Properties 

The optical properties of the structure, including absorption, fluorescence, and photoluminescence 

excitation (PLE), are systematically examined next and summarized in Figure 3(a). The absorption 

and PLE peaks of the SU8-mPD film are centered at 420 nm, which are not found in pure SU8 thus 

indicating the impact of the conjugation. PLE is observed at 530 nm, where the emission spectrum 

also has a maximum. Notably, unmodified SU8 emits at 450 nm under UV excitation, but this emission 

disappears after the polymer is crosslinked. Additionally, pure mPD emission peaked around ~440nm 

(violet-blue) when excited with UV light33. Therefore, the observed green emission is likely a result of 

the cross-linking of the aminated epoxy terminals with mPD. 

To explore the chemical bonding within the polymer, a Fourier-transform infrared spectroscopy (FTIR) 

was applied - Figure 3(b). The obtained spectrum reveals several peaks, indicating relevance to the 

structure bonds. The peak at 1055 cm-1 correlates to C-N stretching vibrations, signifying the presence 

of secondary amine bonds, which are known to contribute to green emissions. The peak at 3700 cm-

1 indicates hydroxyl groups, suggesting epoxy ring opening, while the 2900 cm-1 peak relates to C-H 

components 34. This data provides insights into the amination process of SU8. 

Further chemical characterization was conducted using 1H-NMR, as shown in Figure 3(c). This 

analysis identifies three main regions: 1-2 ppm (aliphatic protons resonance), 2.5-4.5 ppm (secondary 

or tertiary amine structures), and 6.5-7.5 ppm (aromatic protons). A comparison with native SU8 
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revealed an increase in aromatic and aliphatic bonds, likely due to mPD integration. The proposed 

polymer structure, included as an inset in Figure 3(c), is based on these observations. XPS analysis, 

Figure 3(d-f), further elucidated the material's chemical composition and electronic state. The 

presence of C, N, and O were detected, with binding energies of 285, 399, and 533 eV, respectively, 

and corresponding atomic weights of 76%, 1.3%, and 22.7%. The C(1s) peak was separated into two 

components: C-C/C-H at 284.7 eV and C-O/C-N at 286.4 eV. Both N(1s) and O(1s) peaks were 

resolved to single chemical bonds. Furthermore, the evidence of these structural changes suggests 

the amination of the epoxy chain, leading to the green emission band. Notably, this green emission 

from the amines did not significantly alter the polymer's mechanical properties or its lithographic 

processability. As a result, SU8 maintains its inherent properties while exhibiting a new optical 

response. 

 

Figure 3: Optical and structural properties of SU8-mPd layer. (a) PLE (observed at 530 nm), 
absorption, and emission (excitation at 420nm). (b) FTIR spectrum reveals the presence of C-H, C-C, 
C-N, and C-O bonds. (c) NMR shift - three regions at 1.6, 3.5, and 7 ppm. The suggested polymer 
structure appears as an inset. (d)-(f) XPS data show the presence of carbon(C(1s)), nitrogen (N(1s)) 
and oxygen (O(1s)), with an atomic weight of 76 %, 1.3 %, and 22.7 %, respectively. 

 

Thermoresponsive Properties 

Given the refractive indexes of the materials are known, the thickness of the layers can be assessed 

from Free Spectral Range (FSR) measurements, performed by illuminating the FP cavity with white 

light (Supplementary Information, S1). Given the FSR value of approximately 9.8 THz and the 

refractive index of 1.56, the cavity length was calculated to be around 10 micrometers (Figure S1) in 

full correspondence with SEM and confocal analysis (Figure 2).     
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The same technique can be applied to monitor the thermal expansion mechanism and retrieve the 

relevant thermoresponsive coefficients. For this purpose, the temperature was linearly increased from 

room temperature (23.5°C) to 100°C, with measurements taken every 500 msec – results are 

summarized in the colormap (Figure 4). This time (500msec) was found to ensure the adiabatic 

expansion and will be then referred to as the response time of the detector.  Considering the FSR 

formula, the thermal expansion coefficient is estimated as 18 ppm·K-1, and the linear behavior in the 

range of the considered parameters is justified. The data is well corresponded with other reports35. 

Notably, the sample demonstrated remarkable stability, maintaining its properties without degradation 

for two years, during which the experiments were performed.  

Figure 4(a) is the colormap, demonstrating the white light transmission at different temperatures. 

Figure 4(b) is the peak location as the function of the temperature. The linear 

approximation has been applied to the peak, marked with a thin solid black line on panel (a). The 

thermal expansion coefficient, estimated as 18 ppm·K-1, comes from this fit.  

 

Figure 4: (a) Temperature-dependent evolution of the FP-SU8-mPD transmission. (b)  Transmission 
peak evolution with temperature. The analysis is done on the branch, indicated with a thin black line 
in panel (a). (c) Green curve - emission spectrum of SU8-mPD, yellow – 10 µm-thick FP with gold 
mirrors transmission, and gray - 5 µm-thick FP with silver mirrors transmission. (d) Zoomed peak shift 
of transmission spectra at different temperatures (gold FP). 

 

Temperature Sensing  

To explore thermal sensitivity, photoluminescence was recorded at a span of temperatures during 

heating and cooling cycles. The layered structure (with mirrors) was exited at 420 nm and the emission 

spectrum was acquired. The temperature changes were generated with a closed-loop thermo-electric 
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cooler, attached to the sample. Adiabatic changes were induced to ensure obtaining a uniform steady-

state temperature along the sample (recall the 500 msec response time from the previous section). 

The fluorescent-based temperature detection might have practical advantages over simple white light 

monitoring in remote sensing applications, mitigating a need to align the incident light with the device 

orientation.    

Figure S3(a, b) demonstrates the colormaps, attributed to the heating and cooling cycles. Each 

horizontal line across the map is the emission spectrum at a certain temperature. The periodic 

behavior of peaks is the result of the broad fluorescent signal (Figure 3(a)), modulated with the FP, 

acting as a filter. Numerical analysis, considering superimposing the fluorescent signal with the FP 

cavity, acting as a filter, supports the experimentally observed data (Supplementary, S2). The 

experimentally obtained colormaps demonstrate redshifts to higher wavelengths at elevated 

temperatures due to the mechanical expansion of the SU8 layer, increasing the distance between the 

metallic mirror layers. Conversely, during cooling, a blue shift to lower wavelengths occurred due to 

contraction and resonator shrinkage. Additionally, a decrease in photoluminescence intensity at higher 

temperatures comes from accelerating nonradiative recombination channels.  

 

Sensitivity assessment  

The resonance wavelengths as a function of temperature for both heating (red) and cooling (blue) are 

extracted and appear in Figure S3(c). We observed that the resonances shifted as the SU8-mPD layer 

thermally expanded and shrunk. Figures 5(a) and (b), extracted from the heating cycle (data from 

Figure S3), show the photoluminescence intensity for several environmental temperatures, 

experienced by the devices with gold and silver mirrors. Note, that the SU8-mPD layer thickness is 

different – 10 and 5µm, respectively. The evolution of the peak position, initially located at 620nm gold 

and 556nm silver (both at room temperature), is followed and fitted with a linear law. Figures 5(c) and 

(d) show the results and the extracted slope - 0.16 and 0.12 nm∘C-1, respectively. The maximum 

intensity of photoluminescence as a function of temperature is shown in Figure 5 (c, inset) with a fit to 

first- and second-order polynomials. The best fit was found with a second-order polynomial. The latter 

showed another frame of reference to quantify the changes related to temperature monitoring. Worth 

noting that the absolute values of those coefficients have no physical meaning at the light intensity 

depending on the collection optics. However, what does have quantitative measures is the ratio 

between the fitting coefficients in the case of the linear fit and a more complex low in the case of the 

quadratic.  

 



11 

 

 

 

 

 

Figure 5. Photoluminescent intensity [a.u.] at different temperatures for Fabry-Perot devices with (a) 
gold and (b) silver mirrors. SU8-mPD layer thicknesses are 10µm and 5µm, respectively.  (c) 
Resonance wavelength as a function of temperature (for gold mirror) and the corresponding linear fit. 
Inset - photoluminescence intensity (of the peak) as a function of temperature and the first and second-
order polynomial fits. (d) Resonance wavelength as a function of temperature for silver mirror device.  

After extracting the sensitivity parameter, it can be assessed versus other recent realizations of 

temperature sensors, based on optical techniques, which are surveyed in Table 1. The reported 

realization has comparable performance and dynamics range. Furthermore, both parameters can be 

improved by, e.g., making a weighted average between the peak positioning. Dynamic range is 

potentially much larger than reported, nevertheless, it was not confirmed with the experiment owing 

to the equipment limitations.  

 

 

Conclusions 

 

The temperature-responsive characteristics of SU8-mPD, synthesized through epoxide amination of 

SU8, using a range of tools including XPS, 1H-NMR, AFM, and SEM were explored. These techniques 

provided insights into the material's chemical and optical properties, relating them to the thermal-

induced deformation of the material. Subsequently, thin SU8-mPD layers were encased between two 

metal mirrors to create a Farby-Perot cavity, susceptible to environmental temperature changes. A 

series of experiments, based on white-light transmission and fluorescent emission revealed the 
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sensitivity of the device to the temperature variations. The operational principle of the chip is the 

superposition of the fluorescent signal with Fabry-Perot response, which strongly depends on the 

distance between the mirrors, which is governed by the thermal expansion of the polymer layer. This 

configuration has several advantages over a straightforward white light transmission, as it relaxes 

several tight requirements on arranging the optical system, including a demand for an accurate 

alignment and coherence of the expiation source. The demonstrated performance of the chip, i.e., 

180 pm/°C, extended dynamic range, and 500 msec response time, puts it in line with other recent 

optical sensors and tend to outperform them in the ease of fabrication, cost, and handling.  Functional 

SU8-based materials open new applied avenues across many disciplines, including nanophotonics, 

microfluidics, environmental monitoring, biomedical diagnostic chips, and many others.  
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Tables 
 

Method Sensitivity Tolerance 

Fiber-optic temperature 
sensor 18 

84.6 pm/°C  

Optical fiber tip-based 
concave-shaped cavity 25 

12.26 pm/°C 1000 °C 

Sapphire Fiber 26 32.5 pm/°C 1550 °C 

Based on Vernier Effect 36 654 pm/°C 120 °C 

Fiber in-line Fabry-Perot 
interferometer cavity 37 

4.3 pm/°C 26.4–100 °C 

Fiber open-cavity Fabry-
Perot interferometer with 

polyvinyl alcohol coating 38 

−6.14 pm/°C 10–50 °C 
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The photonic crystal fiber 
tip ended with a solid silica-

sphere 39 

10 pm/°C 20–100 °C 

Silica tube with 14 μm of 
cladding 40 

0. 75 pm/°C 22–750 °C 

Our realization 180 pm/°C 20-150 °C 

Method Sensitivity Tolerance 

Fiber-optic temperature 
sensor 18 

84.6 pm/°C  
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Figure 6: Schematics of FP-based temperature sensor, encompassing two mirrors and a 
thermoresponsive conjugated fluorescent polymer. The structure is pumped at ω1 and emits light at a 
temperature-dependent wavelength. The measurement is the shift of the emission peak, i.e., 'Δω2', 
which depends on the distance between the mirrors. Thermoresponsive polymer experiences 
contraction or expansion 'Δx', depending on the temperature change, which is monitored by 'Δω2'. 
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Figure 7: Characterization of SU8-mPD conjugated thin films. (a)-(b) Cross-section SEM images of 
SU8 films on a glass coverslip, (c) Cross-section of the fluorescent film as observed in the confocal 
microscope (488 nm pump). The fluorescent profile is fitter with Gaussian and the red arrow indicates 
its 12 µm width. (d)-(e) High-resolution AFM image of the surface roughness in 2D and 3D layouts, 
respectively. (f) Image of the chip under 532nm LED showing interference patterns. 

 

 

 

Figure 8: Optical and structural properties of SU8-mPd layer. (a) PLE (observed at 530 nm), 
absorption, and emission (excitation at 420nm). (b) FTIR spectrum reveals the presence of C-H, C-C, 
C-N, and C-O bonds. (c) NMR shift - three regions at 1.6, 3.5, and 7 ppm. The suggested polymer 
structure appears as an inset. (d)-(f) XPS data show the presence of carbon(C(1s)), nitrogen (N(1s)) 
and oxygen (O(1s)), with an atomic weight of 76 %, 1.3 %, and 22.7 %, respectively. 
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Figure 9: (a) Temperature-dependent evolution of the FP-SU8-mPD transmission. (b)  Transmission 
peak evolution with temperature. The analysis is done on the branch, indicated with a thin black line 
in panel (a). (c) Green curve - emission spectrum of SU8-mPD, yellow – 10 µm-thick FP with gold 
mirrors transmission, and gray - 5 µm-thick FP with silver mirrors transmission. (d) Zoomed peak shift 
of transmission spectra at different temperatures (gold FP). 
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Figure 10. Photoluminescent intensity [a.u.] at different temperatures for Fabry-Perot devices with (a) 
gold and (b) silver mirrors. SU8-mPD layer thicknesses are 10µm and 5µm, respectively.  (c) 
Resonance wavelength as a function of temperature (for gold mirror) and the corresponding linear fit. 
Inset - photoluminescence intensity (of the peak) as a function of temperature and the first and second-
order polynomial fits. (d) Resonance wavelength as a function of temperature for silver mirror device.  
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TOC. SU8-mPD Fabry-Perot fluorescent sensor. The optically pumped structure emits light at 

temperature-dependent wavelength.  Thermal responsivity is obtained via the SU8-mPD layer 

expansion.  
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S1. Measurement of sample thickness 

The layer thickness is the critical parameter, which will be extracted from the FP cavity transmission 

spectrum. The white light transmission (experimental data) appears in Figure S1(a).  Wavelengths 

below 500nm are absorbed by the layer in the correspondence with Figure 2(a). The typical high-Q 

transmission peaks are observed at longer wavelengths. Figure S1(b) shows the Free Spectral Range 

(FSR) (the frequency interval between successive transmission peaks) as the function of wavelength. 

FSR can be calculated as 𝜈 =
𝑐

2𝑛𝑔𝐿
, where 𝐿 is the layer thickness and 𝑛𝑔 is the group index. Figure 

S1(b) demonstrates a relatively flat FSR, thus allowing to neglect of the group index dispersion, 

especially in cases where a 100nm fluorescent source is used (as in the rest of the experimental data). 

The experimental fit suggests 𝐿 = 10µ𝑚  (𝑛𝑔 = 1.56), corresponding to SEM images in Figure 1. 

 

Figure S1: Free Spectral Range (FSR) analysis to FP Cavity Thickness. (a) Transmission spectrum, 
(b) FSR as the function of the wavelength. 

S2. Fabry-Pérot resonator response to temperature change – numerical analysis 

https://orcid.org/0000-0003-0214-0288
https://orcid.org/0000-0002-2500-0811
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The FP resonator comprises an SU8 layer sandwiched between two parallel metal mirrors, which can 

be either silver or gold. The resonator is illuminated by a plane wave at normal incidence for the sake 

of simplicity. The field amplitude and the frequency were scanned to fit a Gaussian shape, 

corresponding to a fluorescent spectrum of SU8-mPD, which is characterized by a peak at 530 nm 

and a Full Width at Half Maximum (FWHM) of 100 nm. This step was applied to fit the experimental 

data, where the generated finite bandwidth fluorescence is superimposed in the FP transfer function.   

The simulation spans a wavelength range from 550 nm to 600 nm and a temperature range from 20°C 

to 120°C. The SU8 layer's initial thickness, its coefficient of thermal expansion, the refractive indices 

of the SU8 layer, and the mirror materials (silver and gold) are crucial parameters, that govern the 

transmission properties.  

The numerical results are visualized through 2D colormaps and 1D plots, showing the transmission 

intensity across the specified wavelength and temperature ranges (Figure S2). The FP resonance 

condition is 𝜆 = 2𝑛𝑑/𝑚where 𝜆 is the resonant wavelength, 𝑛 is the refractive index, 𝑑 is the cavity 

length, and 𝑚  is an integer. The peak positions are slanted to the longer wavelengths with the 

temperature increase. This is an obvious consequence of the thickness ( 𝑑 ) expansion. The 

temperature dependence of the layer thickness was retrieved from measurements and appears in 

Figure 4. Furthermore, gold, being a more lossy material than silver, broadens the FP transmission 

peaks and also reduces the peak value. In this numerical analysis, gold dielectric indexes were 

adopted. All the parameters for the analysis are summarized in Table ST1. 

 

Table ST1. Parameters for FP transmission 

Parameter Symbol Equation 

Wavelength Range λ 550 - 600 nm, Gaussian, 530 mean, 100nm SVD 

Temperature  T (20°C,120°C,5) 

Initial Thickness of SU8 L0 L0=10μm 

Coefficient of SU8 
Thermal Expansion 

α α=152×10-6[K−1] 

Refractive Index of SU8 nSU8 nSU8= 1.58 

Mirrors Reflectivity R Silver and Gold Layers, 30 nm thickness, refractive 
index from  
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Figure S2: FP transmission of a light source with Gaussian spectrum (550mean, SVD 100nm). (a), (b) 
colormaps demonstrating the transmission spectra as a function of temperature for silver and gold 
mirrors, correspondingly. (c), (d) slices through the colormaps, demonstrating the evolution of the peak 
for different temperatures (in legends). 

S3. Fluorescence of SU8-mPD Fabry-Perot  

The spectral evolution of the device, undergoing both heating and cooling cycles, appears in Figure 

S3 (and b). The experiments were obtained from different spots on the sample and, thus, are not in 

scale with each other. The measurements were not done below 500 nm due to the strong light re-

absorption. Figure S3 (c and d) is the evolution of the emission peaks. The shift between heating and 

cooling cycles does not come from the hysteresis effect but rather the result of the sample shift during 

the experiment. The long-range variation of thickness (Figure 2(f)) is responsible for the effect.  
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Figure S3: Temperature-dependent photoluminescence (PL) properties of the device. (a, b) – 
colormaps, demonstrating the fluorescent signal spectra as a function of temperature and wavelength 
for (a) heating and (b) cooling cycles. (c) resonance shift of emission peaks as a function of 
temperature. (d) Enlarged data for one of the peak evolutions.  

 

 


