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Abstract: Industrial-grade optical semiconductor films have attracted considerable research inter-
est because of their potential for wafer-scale mass deposition and direct integration with other
optoelectronic wafers. The development of optical thin-film processes that are compatible with
complementary metal-oxide-semiconductor (CMOS) processes will be beneficial for the improve-
ment of chip integration. In this study, a multilayer periodically structured optical film containing
Fabry-Perot cavity was designed, utilizing nine pairs of SiN/SiO, dielectrics. Subsequently, the
multilayer films were deposited on Si substrates through the inductively coupled plasma chemical
vapor deposition (ICPCVD) technique, maintaining a low temperature of 80 °C. The prepared films
exhibit narrow bandpass characteristics with a maximum peak transmittance of 76% at 690 nm.
Scanning electron microscopy (SEM) shows that the film structure has good periodicity. In addition,
when the optical films are exposed to p/s polarized light at different angles of incidence, the cavity
mode of the film undergoes a blueshift, which greatly affects the color appearance of the film. As
the temperature rises, the cavity mode undergoes a gradual redshift, while the full width at half
maximum (FWHM) and quality factor remain relatively constant.

Keywords: Fabry—Perot cavity; inductively coupled plasma chemical vapor deposition; low temperature;
cavity mode

1. Introduction

The Fabry-Perot optical cavity [1-4], a structure frequently used for optical interference
and spectral analysis, was innovatively designed in 1899 by French physicists Charles Fabry
and Alfred Pérot. Over the following century, F-P optical cavities were widely utilized
across various disciplines. In 1960, Theodore Maiman achieved a significant milestone by
developing a laser utilizing the FP optical cavity, subsequently driving the widespread
integration of FP cavities in laser technology. FP lasers are easier to achieve wavelength
tuning than conventional lasers, providing greater flexibility in their applications. A
demonstrated hybrid cavity laser combines a square Whispering—Gallery microcavity with
a Fabry—Pérot cavity, achieving single-mode operation and a broad wavelength tuning
range of over 12.5 nm [5]. On-chip electro-optic tunable F-P cavity lasers based on erbium-
doped lithium oxide thin films are proposed, aiming for continuous laser wavelength
tuning with a precision of 24 pm near 1544 nm [6].

Despite the early invention of the FP interferometer, integration with optical fibers
began in the 1980s. FP fiber-optic sensors monitor small changes in the FP fiber-optic cavity,
such as temperature and refractive index, primarily by detecting wavelength changes in
the cavity. A reported high-resolution fiber-optic temperature sensor system is based on an
inflatable Fabry—Perot (FP) cavity. Spectral fringes undergo shifts in response to precise
pressure changes within the cavity, enabling the deduction of the absolute temperature
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through the analysis of spectral displacement and pressure variations [7]. A miniature
high-sensitivity fiber-optic temperature sensor is proposed with FP cavities filled with UV
gel in hollow capillaries. The sensor exhibits a commendable linear response to temperature
changes, demonstrating high temperature sensitivity that increases with the length of the
FP cavity [8]. A Fabry—Perot (FP) cavity sensor was constructed for the rapid detection of
blood glucose concentration. The refractive index and concentration of the blood glucose
solution in the FP cavity were calculated by measuring and analyzing the wavelength shifts
of the reflectance spectra [9].

However, those methods suffer from complex structures and high costs, imposing
limitations and bottlenecks for their large-scale applications.

In the mid-20th century, a systematic and comprehensive study of optical thin films
was conducted by Macleod. Optical thin films with uncomplicated structures obviate the
necessity for intricate etching procedures and high-precision processing equipment. Fur-
thermore, wafer-level thin-film deposition technology offers a cost-effective and efficient
approach for large-scale manufacturing. Multilayer thin-film structures, serving as mirrors
in the FP cavity’s two layers, find extensive application in fields like optical filtering, lasers,
and sensors. Fully dielectric multilayer thin-film Fabry—Perot (FP) bandpass filters are
reported in a series, featuring a fixed passband width of 30 nm and a central passband
ranging from 310 nm to 370 nm. Different passband wavelengths and widths are achieved
by controlling the thickness and refractive index of the film layers [10]. A stable, broadband
multi-wavelength fiber ring laser for dense wavelength-division multiplexing systems is
reported to achieve stable wavelength output through thin-film FP filters, with a wave-
length shift of less than 0.016 nm over 10 min [11]. An edge-filtering demodulation system
for FBG sensors with tunable asymmetric fiber F-P cavities prepared by depositing simply
structured multilayer films on the fiber end face is reported, which can be effectively used
for the measurement of weak signals with a wavelength resolution of 0.01 picometers and
a linear wavelength shift range of 7 nm [12].

This paper demonstrated the growth of multilayer films on 8-inch silicon wafers. These
films consist of alternating stacks of high-refractive-index silicon nitride-rich silicon dioxide
and low-refractive-index silicon dioxide, featuring FP optical cavities. The growth was
achieved through inductively coupled plasma chemical vapor deposition [13,14] (ICP-CVD)
at a stage temperature of 80 °C. The cavity mode shift property of this thin-film-based FP
cavity was studied, according to the influence of thickness error for each layer, temperature-
dependent refractive index, angle of incidence, and color appearance based on CIE 1931.
A stochastic algorithm model was developed to analyze how film thickness error affects
the reflectance spectra of the films. A high-angle resolution spectrometer was employed
to measure the wavelength shift in the reflectance spectra of thin films at various angles
of incidence for polarized light. Additionally, the temperature shift characteristics and
the stability of optical properties at different temperatures were investigated. Finally, the
results were graphed on a CIE 1931 chromaticity diagram to characterize color perception
through chromaticity coordinates.

2. Basic Theory and Experiment
2.1. Analysis of Film Thickness

In the actual deposition of optical thin films, achieving precise control over film
thickness is fraught with challenges that introduce variability. This variability, or error,
can arise from several sources including the performance of the deposition equipment,
operator skill levels, and material property fluctuations. The primary factor affecting film
quality is the deviation in film thickness, resulting from variations in growth parameters
(such as temperature, pressure, and deposition rate) during the material’s growth process.
Such discrepancies can markedly alter the films’ optical properties. This study employed
a Gaussian-distributed random number generator to simulate film thickness errors and
their impact on reflectance spectra. Following the introduction of thickness errors, the
film’s modified thickness is described as follows: d = d(1 + u + ¢Z). Here, d represents
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the original film thickness and d denotes the thickness after applying a random variation.
The mean change, y, is zero, indicating no systematic bias is intended. ¢ is the standard
deviation, which determines the range of parameter variation, set at 0.15. Variable Z follows
a standard normal distribution.

2.2. Oblique Incidence on Dielectric Film Surface

The calculation of reflectance, transmittance, and absorptance in multilayer films is
determined by the conductance value of each layer. Optical conductance is frequently em-
ployed to characterize the impedance matching of electromagnetic waves as they propagate
between different media and is denoted as follows [15]:

1 1

Y=7= V/ecos(Bd) M

where Z represents impedance, ¢ is the dielectric constant of the medium, §3 is the wave
vector in the medium, and d is the thickness of the film. Under tilted incidence conditions,
the optical properties of the film are influenced by p/s polarization state effects. The
angle of incidence manifests at the boundary of each film layer, influencing the overall
distribution of reflection and transmission spectra, whether the state is p-polarized or
s-polarized. The optical conductance enables a more detailed description of the behavior of
p-polarized and s-polarized light with the following expressions [15]:
y = {N/cose(p Poalrisation) 2

Ncos@ (s Polarisation)

where Y represents the conductance of the film, N represents the complex refractive index
of the material, and 6 is the angle between the incident angle and the normal line.

2.3. Temperature Coefficient of Refractive Index

The mode shift of film-based Fabry—Perot (FP) cavities during temperature changes
is influenced by two factors: the temperature-dependent change in the refractive index of
the film layer material and the deformation effect caused by thermal expansion. Given
that the overall temperature coefficient of linear expansion [16-18] is significantly smaller
than the refractive index temperature coefficient [19-21] of the film system material, this
paper will exclusively focus on the impact of the refractive index temperature coefficient
on the wavelength shift in the film’s reflectance spectrum. The variation in refractive index
with temperature under constant pressure is denoted by the temperature coefficient dn/dT,
expressed as the following [22]:

n(T) =no+ (jﬁ) (T —To) (3)

where n(T) is the refractive index at a temperature of T and nj is the refractive index at a
reference temperature Tp.

The temperature coefficient of the Si substrate and SiO, used in this paper are
0.0005 x 10~* K~! and 0.1 x 10~* K~!, respectively. The refractive index of deposited
SiN varies based on the Si:N atomic ratio. Temperature coefficient values reported by vari-
ous researchers were chosen for simulation. The results were then compared and verified
to estimate the temperature coefficient of SiN for this study. Arbabi et al. [19] measured
the temperature sensitivity of microwave resonant modes with various polarization states.
They determined that the thermo-optic coefficient of silicon nitride deposited using the
chemical vapor deposition (CVD) technique was 2.45 x 107> K~!. Mondal et al. [23] mea-
sured the temperature coefficient values of 3.28 x 10~ K~! for silicon rich silicon nitride
(SRSN) materials deposited by plasma enhanced chemical vapor deposition (PECVD).
Zanatta et al. [24] determined the temperature coefficient of SiN films at 620 nm in the
visible light spectrum to be 6.2 x 107> K~1. Klitis et al. [25] characterized the temperature
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coefficient of Si-rich silicon nitride grown by PECVD. The temperature coefficient is found
to increase linearly with the fractional composition of silicon over a range from that of
silicon nitride to a-Si. Temperature coefficient values 1.2 x 10~ K~ and 1.5 x 10~ K~!
for silicon-rich silicon nitride are chosen.

2.4. Colorimetry

The human retina comprises three photoreceptor cell types: yellow-blue and red-green
channels, plus cone cells for brightness (noncolor). This collective response enables the
human eye to perceive a broad spectrum of colors. In theory, by combining red, green, and
blue light, the RGB color model can reproduce most colors perceptible to the human eye.

To match the reflected light from an object, the required number of red, green, and
blue primary colors corresponds to the triple stimulus value X, Y, Z of the object’s color.
The expressions for evaluation of the tristimulus values are as follows [26]:

780 _

X=K| SMpA)x(A)d(A) (4)
780 _

Y=K|  SMp)y(A)d(2) (5)
780 B

Z=K|  SMp)z(d)d(A) (6)

where K is the adjustment factor, S(A) is the ability distribution of the light source, p(A) is
the reflection performance of the object surface, and X¥(A), (A),Z(A) are the characteristic
parameters of the human color vision system.

The chromaticity coordinates in the CIE 1931 chromaticity diagram are obtained by
normalizing X, Y, Z. The normalized x, y, and z values represent the horizontal and vertical
coordinates on the chromaticity diagram, and their calculation formulas are as follows [27]:

Y=Y ()
X
x_X+Y+Z ®)
Y
Y= X¥v+2z ©)

where Y serves as the luminance factor.

The wavelength shift of the center of the reflectance spectrum in a thin film will
manifest on the chromaticity diagram as a change in color coordinates within this three-
dimensional space. This alteration offers a quantitative means to analyze the optical
properties of a thin film using chromaticity coordinates.

2.5. Experiment

The multilayer film is prepared using ICPCVD, which employs two independently
operating RF power systems. The RF source excites the gas to generate a plasma, and
its current penetrates the plasma through an alternating magnetic field created by the RF
coil, enabling enhanced deposition rates and improved process control. Consequently,
ICPCVD’s source RF excitation yields higher plasma densities, leading to significantly lower
deposition temperatures compared to PECVD. This allows for chemical vapor deposition
on ultra-low temperature substrates up to 80 °C.

The growth of SiN thin films employs SiHy and Nj as the reaction gases. The refractive
index and extinction coefficient of SiN are primarily influenced by the Si/N atomic ratio.
To achieve a higher refractive index in the visible spectrum, the gas flow ratio is set to
SiH4:N, = 55 scem: 30 scem, exceeding the normal SizNy stoichiometry required for stable
chemical bonding between silicon and nitrogen atoms. For the growth of SiO, dielectric thin
films, the reaction gases used are SiH; and N,O, with a gas flow ratio in the conventional
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proportions (SiH4:N,O = 20 sccm: 40 scem). To stabilize the reaction process, 200 sccm of
argon gas is introduced into the reaction gas. Detailed deposition parameters are provided
in Table 1. A single layer of SiN and SiO, thin films was deposited on bare Si wafers at
80 °C. The films were measured and characterized using an ellipsometer. The refractive
index and extinction coefficient of SiN and SiO, thin films were numerically fitted using
the Cody-Lorentz dispersion model [28] and the Cauchy model [29]. The refractive index
and extinction coefficient of Si, SiN, and SiO, in the visible spectrum are presented in
Appendix A.

Table 1. Deposition parameters of SiN and SiO; single layer grown by ICPCVD.

Deposition Material SiN SiO,
SiHy gas flow/ cm? min—! 55 20
N, gas flow/cm? min—! 30 0
N,O gas flow/cm® min~! 0 40
Ar gas flow/ cm? min—! 200 200
Reaction pressure/mTorr 16 16
Reaction temperature/°C 80 80
RF power/W 300 300

An optical multilayer film with a single FP cavity was simulated using the Transfer
Matrix Method (TMM) model. The SiN (H) layer, with a high refractive index, was designed
to be 70 nm thick, while the SiO, (L) layer, with a low refractive index, remained at 118 nm.
The system’s structure was (HL)* 2H L(HL)*, with a central wavelength of 700 nm and four
pairs of 5i0, /SiN materials on either side of the spacer layer. The DBR structure comprised
alternating stacks on both sides of the spacer layer, and the thickness of the intermediate
cavity layer material SiN was twice that of 70 nm. The multilayer optical film system
was prepared by continuously depositing SiN and SiO, films at 80 °C using ICPCVD,
following modulated SiN and SiO; film deposition process parameters. The multilayer
optical film system was prepared by continuously depositing SiN and SiO, films at 80 °C
using ICPCVD, following modulated SiN and SiO, film deposition process parameters.

3. Result and Discussion
3.1. Film Thickness Analysis

The 8-inch wafer film prepared by the ICPCVD method is shown in Figure 1a. Four
different test points selected randomly on an 8-inch wafer (P1, P2, P3, P4) were tested,
respectively, under the incidence of a broad-wavelength light source vertical to the sur-
face, as depicted in Figure 1c. Reflectance spectra analysis indicates that the four tested
points exhibit center wavelengths constituting a minimum of 666 nm and a maximum of
692 nm. Peak transmittance achieved included a minimum of 60% and a maximum of 76%.
These discrepancies stem from the inhomogeneity of the film deposition. The simulated
reflectance spectrum has a center wavelength of 700 nm and a peak transmittance of 94%.
The reflectance spectra of the sampled points exhibit a noticeable blueshift in comparison
to the design values, accompanied by a reduction in peak transmittance. This deviation
may be attributed to measurement errors and scattering losses due to the unevenness of
the film surface.

In order to investigate the mismatch between practical thickness and the designed
thickness of each layer, a piece of the wafer was cut off from the wafer’s edge for SEM
scanning, as depicted in Figure 1b. The SEM image reveals the periodic stacking structure
and the spacer layer. Thickness values of each layer were measured from SEM images. For
clarity, Table 2 presents both actual and design thickness values for each layer. Furthermore,
reflectance spectra for the actual thickness values of each film layer, obtained from SEM
images, were re-simulated using the TMM method, as shown in Figure 1c. The results
indicate the peak transmittance of the corrected reflectance spectrum at 694 nm is about
90%, and the center wavelength of the reflectance spectrum shifts towards the test spectrum.
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However, a discrepancy persists between the simulated reflectance spectra of the actual
film thicknesses and the measured spectra, possibly attributed to scattering losses arising
from uneven film surfaces during testing.

= SiN
Sio2

Reflection
Reflection

400 500 600 700 800 900 1000 400 500 600 700 80O 900 1000
Wavelength(nm) Wavelength(nm)

Figure 1. (a) Photograph of the fabricated sample, an 8" class wafer filter. (b) Scanning electron
microscope (SEM) image of the cross-section of the fabricated filter. (c) The reflectance spectra of
four randomly sampled points on the film filter, the simulated reflectance spectrum of the designed
structure, and the reflectance spectrum by simulation with actual film thickness obtained from SEM
image. (d) Hundred sets of reflectance spectra of films with different thickness errors. (e) Magnified
view of cavity mold spectrum.

Table 2. Film thickness values of each layer under simulation and fabrication.

No. of Materials Simulation Fabrication Percentage

Layers (from Top to Bottom)  Thickness (nm)  Thickness (nm) Deviation
1 SiN/SiO, 70/118 81/102 +15.7%/—13.6%
2 SiN/SiO, 70/118 81/109 +15.7%/—7.6%
3 SiN/SiO, 70/118! 78/106 +11.4%/—-10.2%
4 SiN/SiO, 70/118 78/107 +11.4%/-9.3%
5 SiN/SiO, 140/118 148/107 +5.7%/—9.3%
6 SiN/SiO, 70/118 77/101 +10%/—14.4%
7 SiN/SiO, 70/118 79/102 +12.8%/—13.6%
8 SiN/SiO, 70/118 78/108 +11.4%/—8.4%
9 SiN/SiO, 70/118 78/104 +11.4%/—11.8%

Note: The layer furthest from the Si substrate is the first layer.

To investigate the influence of potential errors in film thickness on the performance of
multilayer films during the deposition process, sample thicknesses were measured, reveal-
ing that the error for each layer remained within 15%, as depicted in Table 2. Consequently,
the standard deviation for the film thickness error algorithm was set at 0.15, indicating that
values could vary by up to a 15% thickness offset. Subsequently, 100 sets of reflectance
spectra were calculated, as depicted in Figure 1d. The results indicated a wavelength shift
in the center of the reflectance spectra within a range of 7.3 nm, attributable to errors in
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film layer thickness. The examination of the impact of film thickness errors on wavelength
shifts contributes to the assessment of the system’s sensitivity to variations in film thick-
ness. This sensitivity, in turn, serves as an indicator of the stability of an optical element’s
performance.

3.2. The Influence of Incident Angle Changes

The shift of the cavity mode at different angles of incidence of polarized light was
examined by simulating the reflectance spectra of thin films at various angles, as depicted in
Figure 2a,b. By placing a film cut from the edge of an 8-inch wafer under p/s polarized light,
the reflectance spectra were obtained at various angles of incidence in the wavelength range
of 400 nm to 1000 nm. This was achieved using a macro-angle-resolved spectrometer, as
illustrated in Figure 2c,d. Additionally, Figure 2e,f displays re-simulated reflectance spectra
based on actual film thickness values. These spectra illustrate the correlation between test
reflectance spectra and actual film thickness under different angles of p/s polarized light.

(a) p Design (b) s Design
60 100 100
—~ —~
o O
T 0 3
D 40 © 40
c c
© 60 [
< w0 ©
[F] [<F]
g g 2
(3] 20 ©
£ £
400 500 600 70() 800 900 1000 400 500 600 700 800 900 1000
Wavelength{nm}) Wavelength(nm)
c) p Test d) s Test
60 ©p 6 (d)
T \ S‘
e \ e
o | o
D 40 | D 40
c | <
© | ©
€ | k=
@ 20 n T 20
B °
& o
£ £
0 0
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' S‘
ki) 80 16
240 g
© o
© \ 40 E
[ \ (]
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400 500 600 700 800 900 1000 400 500 60O 700 800 900 1000
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Figure 2. Reflectance spectra were measured in (a) p-polarization and (b) s-polarization. Reflectance
spectra were simulated at (c) p-polarization and (d) s-polarization based on the designed film
thickness values. Simulated reflectance spectra with actual film thickness values for (e) p-polarization
and (f) s-polarization.

Table 3 presents the shift in the center wavelength (Ag) of the reflection spectrum,
indicating a blueshift as the angle of incidence increases and a slight decrease in peak
transmittance. Simulated spectra based on theoretical film thickness values deviated from
actual measurements, whereas spectra re-simulated with real thickness values aligned
more closely with experimental data. This demonstrates that minor thickness discrepancies
significantly impact the films’ spectral properties. Hence, precise control over the thickness
and uniformity of each layer is crucial during the deposition of multilayer films.
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Table 3. The central wavelength and transmittance peak of p/s-polarized spectra at different angles.

Ao(nm) Transmission Peak
Reflection Spectra Polarization

0° 40° 0° 40°
Measured spectra p 685 650 70.6% 62.4%
S 685 652 70.6% 61.7%

Simulated spectra of P 698 665 93.1% 91%
the designed structure s 698 664 93.1% 90.3%
Simulated spectra p 690 665 89.1% 73.1%
with actual thickness s 690 658 89.1% 71.4%

3.3. The Influence of Temperature Changes

The refractive index values of SiN were calculated using various temperature coef-
ficients, as depicted in Figure 3a. In the simulation, the thickness change in each film
layer during the heating process is neglected, as the impact of the linear thermal expansion
coefficient is disregarded. The thickness of each film layer is set to its actual measured value.
To examine the impact of temperature on the reflective properties of the film, a temperature
control device was integrated into the film thickness tester. This device enables a gradual
temperature increase from room temperature to 500 °C and temperature stabilization at a
specified value. A sample of 2 cm X 2 cm was extracted from the wafer, and reflectance
measurements were conducted at 50 °C intervals. The wavelength shift at the center of
the reflectance spectrum was measured, reaching 13 nm in the temperature range from
room temperature to 500 °C, as illustrated in Figure 3b. This shift was then compared with
the simulated wavelength shift using the refractive indices of SiN materials with various
temperature coefficients. The magnitude of the center wavelength shift at 1.5 x 1074 K1
for SiN is more in line with the actual test, leading to the initial deduction that the practical
temperature coefficient value of the SiN material is approximately 1.5 x 1074 K~1.

The quality factor Q is a crucial parameter for assessing the selectivity and precision of
the filter film system. In the spectrum, Q is defined as the degree of rectangularization of the
passband and the steepness of the transition bands on both sides of the passband. It can be
expressed as the ratio between the central wavelength and the full width at half maximum
(FWHM), expressed as follows: Q = A/FWHM. Generally, a higher Q value correlates
with a reduced FWHM, leading to enhanced film filtering capabilities. Figure 3c,d show
the variation of FWHM and Q with ambient temperature for the designed and tested cavity
modes. It is evident that the FWHM slightly increases as the temperature rises, while the Q
value shows a slight decrease. The results indicate that an increase in ambient temperature
leads to a deterioration in film properties to some extent, highlighting the importance of
temperature protection.

In the application of thin-film optical cavities, optimizing the FWHM and maximizing
the Q value are crucial parameters for enhancing wavelength selectivity of optical filters
and improving sensor sensitivity. A high Q value improves the sharpness of the laser’s
resonance peak, resulting in a narrower output spectral line. Figure 3c,d illustrate the
changes in the FWHM and Q of the designed and tested cavity modes with ambient
temperature. It is evident that the FWHM slightly increases as the temperature rises, while
the Q shows a slight decrease. However, it is important to note that, despite significant
temperature variations, the changes in FWHM and Q are relatively small. This suggests that
the thin-film optical cavity can maintain relatively stable optical properties across different
temperatures. Examining the enlarged passband region in Figure 3e,f, the simulated and
tested wavelength shifts of the center wavelength in the reflection spectra are 13.4 nm
and 13 nm, respectively, when the temperature changes from room temperature to 500 °C.
Notably, the simulated and tested wavelength shifts align closely. The thin-film optical
cavity exhibits high sensitivity to temperature-induced center wavelength shifts, coupled
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with its relatively stable optical performance. These characteristics render it unique in the
realm of high-resolution and high-precision temperature sensors.
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Figure 3. Refractive index values of SiN material for different temperature coefficients (a) and the
temperature-induced shifts of simulated and measured cavity modes (b); variations in the designed
and measured cavity mode full width at half maximum (FWHM) (c) and Q-values (d) with changes
in environmental temperature; and the simulated (e) and measured (f) shifts of cavity modes within
the multilayer film system as a function of environmental temperature.

3.4. Chromatic Spatial Characterisation

To assess the performance of the prepared films in chromaticity, we plotted the chro-
maticity coordinates of both experimental and simulated reflectance spectra on a standard
CIE 1931 chromaticity diagram. This was performed at various incidence angles and tem-
peratures, as depicted in Figure 4. The results indicate a shift of simulated and designed
chromaticity coordinates toward the yellow region with increasing incidence angle. Fur-
thermore, the yellow light saturation and brightness of the film increase gradually as the
center wavelength shifts towards the blue. Unlike the angle of incidence, variations in
temperature have a negligible impact on the chromaticity coordinates of the film.
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Figure 4. (a) CIE 1931 chromaticity diagram showing the color coordinates of the film in the chro-
maticity diagram as the incident angle varies from 0° to 60°. (b) Depiction of the color coordinates of
the film on the chromaticity diagram as the environmental temperature changes from 25 °C to 500 °C.

4. Conclusions

In conclusion, multilayer films with a single FP cavity were deposited on 8” wafers
using ICPCVD at a low temperature of 80 °C. The films were based on SiO, material and
high refractive index SiN material, which were alternately deposited. Simple modulation
of the optical performance and large-scale applications can be realized by varying the
thickness of the dielectric layer and the manufacturing processes at the wafer level. When
irradiated with p/s polarized light waves at variable incident angles, the cavity mode
blueshifts with increasing incident angle, and the film maintains the same perceived color.
The thin-film optical cavity modes have high sensitivity to ambient temperature sensing
and stable optical performance in the temperature interval of 25-500 °C. The results suggest
potential applications in CMOS image sensors, displays, and temperature sensors.
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Appendix A

By modulating the reactive gas flow rate and biasing the RF power to obtain high
refractive index SiN films, five sets of SiN film samples were obtained. The optical constants
and thicknesses were fitted using the Cody-Lorentz dispersion model for SiN thin-film
materials. The refractive indices and extinction coefficients of the five groups of SiN thin-
film samples are shown in Figure Ala,b. For the subsequent experiments, we selected
the SiN material with the highest refractive index ratio of Si-5. Figure Alc,d shows the
refractive indices and extinction coefficients of SiN, SiO,, and substrate Si used in the
final experiments.
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Figure Al. Refractive index (a) and extinction coefficient (b) of each group of SiN films. Refractive
index (c) and extinction coefficient (d) of SiN, Si substrate, and SiO,.
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