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Multiperiodic photonic crystals for ultra-
sensitive temperature monitoring and
polarization switching

Ivan S. Panyaev, Dmitry G. Sannikov, Yuliya S. Dadoenkova, and Nataliya N. Dadoenkova
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I. Introduction

hotonic crystals (PCs) are the optical structurath w
periodic modulation of the refractive index (or ldiric
function). The optical transmittivity and refledtiy of PCs
have the photonic band structure consisting inrrsdting
passbands and forbidden bands similar to the eld@ctband
structure of periodic potentials [1-4]. Using vaisamethods, it
is possible to shape a given photonic band strecturd thereby
effectively control the fundamental optical projestsuch as
reflectivity, group velocity, the rate of spontamscemission,
etc. Thus, many optic effects can be realized @RICs. For
instance, by introducing irregularities or defeaydrs into
regular PCs, one can create defect modes (or Hhsiddgap
modes). These modes are usually characterized d¥y dmd
narrow transmission peaks within the bandgaps, edsthe
electric field of the light wave is strongly locadid inside the
defect layer, which in turn leads to many promisapglications
[5,6]. Indeed, the range of applications of one-atisional (1D)
PCs in photonics and optoelectronic devices tos@xiremely
wide and includes filters, solar cells, fluorescantplifying
devices, sensors, 3D matrices, color displays[4{£-9].
Recently, attention has been paid to the creatfoactive
photonic devices based on 1D PC with thermally duspeectra.
For example, thermal sensitivity of biosensors enpénted on
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amorphous SN4/Si 1D PC is investigated in [10]. A ternary
photonic crystal is proposed as a nano-chemicalsédn detect
water concentration in ethanol [11]. Temperaturetadled 1D
PCs based on mesoporous 7#nd SiQ layers can serve both
as optical filters integrated with organic and gpamic light
emitting diodes (OLED and LED) and as low cost Hhsors
with low power consumption and manufacturing cd4].
Multicomponent 1D structures [13] can be used
thermophotovoltaic applications. Temperature depeods of
the transmission spectra of hybrid multifunctional
superconducting YB&uO7 photonic crystals were studied in
Ref. [14]. Using the influence of the thermo-oplti@ad thermal
expansion effects in the polymer, a temperatures@emwas
designed on the base of a ternary PC [15], whickraips by
measuring the red shift of the transmission peath vain
increase of the temperature. Analysis of tempesasansors
based on ternary 1D PCs with double defects has teied
out in Ref. [16]. Wide range temperature sensosgtban 1D
PC with a single defect have been also proposed§l.7

Such PC structures with a large number of perisdsdral
tens of bilayers) have been successfully fabricatsdthg
various methods (e.g. sol-gel, RF-sputtering, d@tcthe recent
decades [19-22].

In this paper, we provide a theoretical study oééaperiodic
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1D PCs consisting of four dielectric oxides withffelient

refractive indices. We continue the study beguRéfs. [19—
21], where 1D three-periodic PCs with differentdagrders are
classified according to the magnitude and signhef dptical

contrast in the pairs of layers forming the unitcdhe novelty
of the type of structures studied here lies inuh&ueness of
the layer combination (with a different optical t@st

compared to the previously considered structurésjiwresults
in a specific behavior of the spectra and fluxribisttion in the

PC. Moreover, in this paper, we take into accobetinfluence
of temperature effects on the optical and energyatteristics
of such structures. We discuss the possibilityeofigerature
control of the transmission spectra of this typ®6fstructures
using the thermo-optical effect and thermal lineapansion.
We also propose a principle of precise polarizatiensitive

filters and sensors used in nanophotonics and tgutivenics.

II. GEOMETRY OF 1D THREE-PERIODIC PHOTONIC CRYSTALS

Let us consider finite 1D three-periodic PCs whiahers
consist of four different dielectrica, b, ¢, and d with

thicknesses, I, lc, andlq, respectively. The unit cell of the PC

is a combination of two subcells formed by repaapares of
different materials, for examplalf) and €d), as shown in Fig.
1. Both the subcells are the finite PGH){' and €d)M with
corresponding period lengths=1la + b andlz =Ic + la. Thus,
the structure formula of the PC isfp)N(cd)M]K, whereN andM

are the subperiod numbers, afds the superperiod number

The total length of the PC Is= K:lsyp, wherelsp = N:l1 + M-Iz
is the superperiod length. The structure is sumedrby air.
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Fig. 1. Schematic of 1D three-periodic PC belonging to the groups (a)
hl (structure [(ab)M(cd)"]¥), (b) mm (structure [(ac)(bd)']¥), and (c) II
(structure [(ad)M(bc)M]¥), for N=M =3 and K=2. Here E'® and E™
denote electric fields of TE- and TM-polarized electromagnetic waves,
and 8 is the incidence angle.

An electromagnetic wave of the wavelengih vacuum (the
angular frequencw) is incident on the left-hand side surface
of the PC under the andgbe so that thez is the incidence plane
(see Fig. 1).

We choose the layer thicknesses in both subcelsatisfy
the Bragg conditions for different Bragg wavelersgthy and
Aoz in vacuum:

)\Ol

- g Ao
4na,b ()\ 01) “

“an, (h) @

Ia,b

where 201 and Aoz correspond to the bandgap centers of the

subcells éb)N and €d)M, respectively, constituting the three-
periodic PC. Thus, choosing the valués and lcg in
correspondence with Eq. (1), one can modify thetiposand
structure of the bandgap of the hole three-perisggtem. As
an example, for the constituting materials of tiievike choose
the well-known dielectric oxides TQSiO, Al20z and ZrQ
(further for simplicity denoted as T, S, A, and &)l these
materials are optically isotropic and the normaldew® of the
considered PC are the electromagnetic waves ofahfi-TM-
polarizations. The chosen oxides are transparentthi
wavelength range (1-5)m, and the frequency dispersion of
their dielectric permittivities are well describég Sellmeier
equations [22-25].

The three-periodic four-component PCs can be dladsy
the absolute values and signs of the dielectrictrasts of
materials in the subcells which is defined as diele

"permittivity differencesAea, = ea —eb and Aeca = &c —eq (Se€

details in Ref. [23]). According to the values akldctric
contrasts, the subcells can be divided into thypeg: high-

contrast subcells witlAg| > 3.5, medium-contrast subcells with

2 < Ag| < 3.5, and low-contrast subcells witke|| < 2, which
are denoted ak*, m* andl* (“high”, “medium” and “low"),
respectively. Here the upper symbols “+” are introed to
specify the sign ofde. Thus, the three-periodic PC structures
formed by two pairs of different materials can Iédied into
three groupshl, mm andll), where the first and the second
characters specify the corresponding pairs, reisdet Each
group contains four subgroups, for examplé, h’1*, h*I” and

h7I~ for the groughl, etc. [23]. The transmittivity spectra of the
PCs of the same group demonstrate similarities,thas the
order of the materials forming the sub-cells all@@fusting of
the structure in order to have bandgaps with adefaed
structure.

In addition to topological parameters (Bragg wangtbs
defining the thicknesses of the layers) and optizabhmeters
(optical contrast between the pairs of layers fognihe PC
periods), the spectra of PCs can be also affecyeexternal
factors electric and/or magnetic fields, pressure
temperature, etc. In particular, temperature caweha
noticeable effect on the bandgap configuration andthe
arrangement of defect modes. Moreover, in the egspect,
considering the temperature response of the PCselg
important in photonics and quantum electronics,ifistance,
when creating mirrors for heterostructure laser it/
[20,21,26,27].

In this paper, we assume that the local temperatuad the
layers of the PC is the same and is equal to thahe air
surrounding it. Temperature manifests itself thtougvo
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phenomena: the thermo-optic effect, which affecte t
refractive index, and the thermal expansion of thger
thicknesses, which modifies the geometry of theesys In
what follows, both effects are considered forlad tonstituents
of the system.

Due to the thermo-optic effect, the refractive dé all the
constituents of the system undergoes a noticeadt@tion
upon temperature variation. For the considered exidhis

TABLE |
LINEAR EXPANSION COEFFICIENTS OF THE PC CONSTITUENTS

Linear thermal Maximum expansion of a 100 nm

Material ~ expansion coefficient, thick film with a temperature chan
in 1/K [37] of 100 K, in nn
SiO, 2-1C° 0.02
Al;03 8.8-1(° 0.09
TiO, 7.4-1C8 0.07
ZrO, 10° 0.1

variation is linear with T and is characterized dyonstant
thermo-optic coefficieny;, with:

n; (At) =ny; +y;At, (j = ab,cd) 2)
whereng is the refractive index of the mediymat a reference

temperatureto, which in this study we take as a room

temperature (around 293 K).

The values of the thermo-optical coefficiengs of the
considered oxides vary around #3101/K [28-31] and
generally depend on many factors, such as the csitigppoand
purity of the material (or presence of impuritidéin thickness,
temperature range, wavelength and polarizatiorightt,| etc.
Thus, without loss of generality, we take all theefficients
equal to an average valye 10“ 1/K.

The variation of the thickneds(j = a,b,c,d) of the film of
material j upon temperature t change is determiyetie linear
thermal expansion coefficient of that material,

I, =1lo; (1+n,at) ©)
wherelg is a nominal thickness at temperattsrfor each layer
of the system, anflt =t —to.

Strictly speaking, the linear expansion of films fhe
transverse direction can lead to deformation otrdeton of
the structure; therefore, in our calculations, wmited
ourselves to an increase in temperaturaAtby 100 K. Since the
lateral dimensions of the layers are much largan ttheir
thickness, we neglect the effect of thermal expangn the x
and y directions. The values of the coefficientbrefar thermal
expansion are given in Table I. One can estima# the
maximum expansion for the Zs@lm, which has the highest
coefficient of linear expansion among the materiafgier
study, with a thickness of 100 nm, does not exéegam.

We calculate the transmittivity spectra of the glmmagnetic
waves of near IR range propagating through the Higet
periodic PCs using the standard transfer matrixhottsee for
details, [36]. The material parameters (refractinelices,
thermo-optic coefficients, and thermal expansioeficients)
for all the PC constituents were taken in [28-3]L,33

I1l.  NUMERICAL ANALYSIS AND DISCUSSION

A. Transmittivity spectra at room temperature

First, we analyze the optical characteristics eétperiodic
PCs at room temperatute and at normal incidence of light
(6=0, so that the TE- and TM- polarized modes are
degenerate).

Figures 2(a)-2(l) show the transmittivity of the £€om
twelve above mentioned subgroups of the three-commo
structures [gb)N(cd)M]¥ as functions of the normalized vacuum
Bragg wavelengthkoi02/A, with the wavelength of the incident
electromagnetic wava = 1.55um. We consider the case of
M =N =K =5, since these numbers of the cells is suffidien
ensure abrupt boundaries of the bandgaps and proadwand
well distinguishable transmission bands (see opep[19,20].
The dielectric permittivities of the materials afeosen to be
corresponding to the room temperattyrd23,24,31,34]. The
light and dark areas in Fig. 2 correspond to th@dmission
bands and the photonic bandgaps, respectively.

From Fig. 2 it follows that the bandgap width isinha
defined by the value of the optical contrast of thabcells
forming the three-periodic PC. For instance, fa $tructures
of the group Ifl) containing the high-contrast and low-contrast
subcells, one can see that the bandgaps are brakmey the
Ao/A axis, corresponding to the center of the banddahe
high-contrast subcelhj [see Figs. 2(a), 2(d), 2(g), and 2(j)].
The bandgap along thin/A axis, ensured by low-contrast
subcell (), is less pronounced. In comparison to these spect
for the structures consisting of two low-contrasbeells (1),
the bandgaps are narrower and not well pronounioed #oth
Ao/A and AoA axes [see Figs. 2(b), 2(e), 2(h), and 2(K)].
Finally, the structures consisting of medium ogticantrast
subcells (hm) [Figs. 2(c), 2(f), 2(i), 2()] possess quite bdoa
bandgaps which are essentially broader than thosieei case
of (II) groups, but still slightly narrower than those (bf)
groups.

However, one can notice some similarities in thecg@a of
all these structures. In particular, let us consithe central
point of each spectrum, where the bandgap cenfetoth
subcells &b)N and €d)M coincide, being equal to the working
wavelength (i. ehor =Ao2=A = 1.55um, orAowodA = 1). This
point corresponds to the bandgap centers for alttnsidered
three-periodic structures from the subgroups wittirsp of
layers having the identical signs of the opticahtcast b*l*,
I*1*, and m*m®). On the contrary, for the PCs from the
subgroups with different signs of optical contiashe pairs of
layers b+, [*I¥, and m*m*), the bandgaps are either
significantly shrank (as for the structures frone gubgroups
h1* and h*l"in Figs. 2(d) and 2(g)], or they disappear
completely giving the space to the transmissiondbaof the
defect modes [structures of the subgrdapsand!*l- andm™m*
andm*m™ in Figs. 2(e), 2(h) and 2(f), 2(i), respectively].

For further analysis, we choose a three-periodicoPthe
subgroup m*m~, which demonstrates a relatively broad
bandgaps with the intraband transmission modedy asahe
structure [(TAJ(SZ)]° (see Fig. 2(i)).

According to (1), in the considered rangehef andAoz the
thicknesses of the layers vary between severalaerdseveral
hundred nanometers.
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Fig. 2. Transmittivity spectra T8 = T™ (in logarithmic color scale) of three-periodic PCs [(ab)®(cd)®]° for all 12 subgroups (a)-(e) as functions of the

reduced vacuum Bragg wavelengths Ao/A and Aq2/A of the subcells (ab)® and (cd)®, respectively. The calculations are carried out for the working
wavelength A = 1.55 pm, for normal incidence (6 = 0), and at room temperature t, = 293 K.

One of the parameters for controlling the spedthotonic  become sharper with increase@fwhereas those of the TM-
structures is the incidence angle. At oblique iaok, the polarized mode demonstrate narrowing and blurrihghe
degeneracy of TE- and TM-modes is canceled, andghetra edges.
of these modes behave differently [23]. In Fig. & shhow the The key point in the change in the transmissiorctspeof
dependencies of the transmittivity on the reduceguum this structure with an increase in the angle oideace of light
Bragg wavelength&oi/A andAoz/A of the 1st and 2nd subcellsis the alternation of the passbands and the basdigagboth
of the structure [(TAXSZ)]® for different incidence angles. polarizations (TE and TM) at the pokd/A =Aoz/A = 1. Under
From Fig. 3, one can see that with an increasksrirtcidence normal incidence, this point is located within thensmission
angle, the bandgaps shift diagonally relativelytite central band (see Fig. 2(i)). Then, & increases, passbands and
pointAo/A =Ac/A = 1 towards larger values dfi/A andAo/A  bandgaps begin to alternate through it. Indee@,=al5° this
both for TE- and TM-polarized modes. However, taadgaps point is still in the passband, whereas6at 30° it already
of the TE-polarized mode become broader and théfe® corresponds to the bandgap edge (Figs. 3(b), (ej)at
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Fig. 3. Transmittivity spectra of the structure [(TA)*(SZ)°]° as functions of the reduced vacuum Bragg wavelengths Aoi/A and Ao/ of the subcells

(TA)® and (SZ)°, respectively, for different incidence angles 8 = 15°, 30° and 45°. The calculations are carried out for A = 1.55 um and t, = 293 K. The
top panels (a)-(c) and the bottom panels (d)-(f) correspond to TE- and TM-modes, respectively.
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0 = 45°, it is inside the bandgap (Figs. 3(c), 3(The practical
value of the resulting pattern lies in the posgipif a flexible
control of the transmission in the bandgap regipadrying the

is about 2.4 nm (1.8 THz-rad), whereas the FWHMhef
outermost peaks is less than 0.34 nm (250 GHz-rad).
If the layer thicknesses of the structure areatijtiadjusted

angle of incidence (i. e., photonic bandgap switghi to the Bragg wavelength&or = Aoz = 1.55 um, the central
Further we investigate the influence of temperaturgansmission peak is observed at this wavelength.tife
variations on the transmittivity spectra in theiwnity of the temperature rises, a red shift of the transmissgattrum takes
inside-bandgap modes place. Indeed, with an increase of temperature 4y K, the
B. Temperature tuning of the transmittivity spectra central peak shifts to a wavelength of 1.56 um, imdalue
: slightly increases (by approximately 0.02). Thirg thermal
Let us consider in details the transmittiVity oéthktructure Sensitivity of the spectrum of such a three_pedm is about
[(TA)XSZy]® at the wavelength interval around the centrah 1 nm/K, which is 1.6 times more than sensitivifghe defect
passband inside the bandgap. Figure 4 shows how #@de position to the temperature change reported BoSi-
transmittivity spectra at normal incidencepgsed PC with a single defect layer [17].
T™(w, At) = T™(w, At) and for the fixed Bragg wavelengths with an increase of the number of supercells, the
Ao =A2=1.55 pm change with temperature variationransmission peaks narrow significantly, as showfig. 4(b)
At =t—to> 0. It can be interpreted as a temperature-degend for K = 10 without change of the sensitivity to the temgture.
drift of the cross-section of Fig. 2(i) along timeelAoi/A =Ao2/A.  Moreover, by choosing the values)af andAoz, one can shift
As can be seen from Fig. 4(a), the central trarsiorispeak the entire spectrum along the wavelength (see 4&ig) for
(A = 1.55 pm) does not reach unity, but takes a valadout  Aox = Aoz = 1.485 pm).
0.45. The full width at half-maximum (FWHM) of thpeak is Thus, adjusting the geometrical parameters of tireet
3.6 nm (or 2.8 THz-rad). Four high-transmittivitegks are periodic PC, one can optimize it for monitoring taeperature
present on either side of that central one, ang tlagrow with  variations by measuring the shift of a narrow seblpof the
distance from the central peak. Thus, the numbgreaks on passband. The temperature sensitivity can be defisghe rate
either side of the central one K € 1). It should be noted that at which a system undergoes a transition from & std
in bi- and three-periodic PCs the number of thepsaks of the transmission to a state of non-transmission. Tlierlds a
inside-bandgap modes is also equakte-(1) [32,35], which is matter of convention: for instance, one can assecia
related to the overlapping of the electromagnetiavas temperature change [1/K] with the transmittivitycelg from
localized in the “defect” layers of the structute.the PC T=90% to T=10% (such transition is widely used, for
considered here, two inside-bandgap modes mergk tten €xample, in nonlinear fiber optics to estimateihkse rise time
total number of the peaks in the considered ceptiasband is [40]). For instance, for the structure shown in.Hgc), at
(2K - 1). The FWHM of the peaks adjacent to the central omh = 1.55um, the transmittivity changes from 0.9 to 0.1 vifie
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Fig. 4.
)\01 = )\02 =1.55 um; (C) [(TA)S(SZ)S]m with )\01 = )\02 =1.485 um.

temperature drop of 0.45 K (from 25.26 K to 24.81 Khus,
the temperature sensitivity of a potential senbased on the
considered structure, can be as high as 2.22 1/K.

As was discussed above, with an increase in thée arfg
incidence, the degeneracy of the TE and TM poltidra is
removed, and the spectra of these modes shouldudéed
separately. Figure 5 shows the dependences atthenittivity
of the structure [(TA(SZ)]° on the angle of incidend@and
temperature variatiom\t. At At=0 and 0 =0, this figure
corresponds to the transmittivity at the

107

point

I ]0—4
1.225 1.250

®, PHzrad

Transmittivity spectra T(wAt) at normalincidence for the structure: (a) [(TA)3(SZ)°]° with Aos = Agz = 1.55 pm; (b) [(TA)(SZ)°]*° with

the passband is again observed. The sensitivitythof
transmission bandwidth shift is abad\@/At = 0.03 °/K.

The revealed features of the transmittivity speatiake it
possible to achieve a double adjustment of thestnéssion
level of the three-periodic structure: 1) roughlyby-changing
the incidence angle; 2) smoothly — by varying graperature.
This makes it possible to use these results inosenwith
several logical levels of transmission and nonsraigsion.

C. Temperature tuning of the energy

characteristics

(Ao/A, Ao2/A) = (1,1) on the inset in Fig. 2(i). As can be seen

from Fig. 5, at small incidence angles and at nedht small

deviations from room temperatute (6 < 7°, At < 15 K), the

transmittivity is relatively high for both TE- affdM-modes. At
larger®, however, the difference in the spectra of the aikd

TM-polarized light becomes significant. For instanat room
temperature, the structure does not transmit thedi&rized

light at @ > 31°, which corresponds to the main bandgap.

TM polarization state, a similar picture is observat the
incidence angles interval 34°6< 68°, and a > 68°, one can
see the next group of the high-transmittivity passts.

As the temperature increases, both the passbarttithan
bandgaps shift towards larger angles of incideAte.fixed0,
as the deviation from room temperature increasésnaition
from one mini-bandgap region to another can océior
pronounced bands, this transition requires lesspéeature
deviation, as seen in the inset in Fig. 5(a). P@an®ple, for a
TE-polarized wave in the vicinity o = 29.4°, initially for
At = 0, the transmittivity is maximall™® ~ 1, then, as the
temperature increases, a mini-bandgap is obsenitid the
transmission coefficient of about £6- 10, and atAt > 80 K,

Peculiarities of the spectra of three-periodic F&xls to
specific behavior of energy characteristics of ¢hssuctures,
and consideration of the sensitivity of these paams to
temperature changes deserves a separate study.

Figure 6 shows the distributions of the longitudiicemponent
(i. e., along thex-axis) of the Umov-Poynting vect@(0, 2)

plpside the structure [(TAJSZY]® for TE- (a) and TM- (b)

polarization states of light at room temperaturee@an see

that S(0, 2) presents beating-like series of maxima at the

intervals of the incidence angles correspondingh® high-
transmittivity narrow passbands. The intervalofhere no
peaks are observed, correspond to the bandgae sfriicture
(compare, for instance, Figs. 6(a) and Fig. 5(&tat 0). This
distribution can be interpreted as a transversmnsity, i. e. the
intensity of light at the cross-section of the RCghlel to thez

axis. When considering a PC as a resonator in witahding
light waves are observed (with field compondsi&) for TE-

or Hy(2 for TM-polarized waves), one can consider the

intensity minima and maxima&(~ |Ey|* and thusS ~ T'E, see
[25] for details) as nodes and antinodes, respalgtiv
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Fig. 5. Evolution of the transmittivity (in logarithmic color scale) of the
TE- (@) and TM- (b) modes for the structure [(TA)*(SZ)°]° with the
incidence angle 8 and temperature variation At. Here A = Ag1 = Agz = 1.55
pum).

Inside the photonic crystal, the antinodes are geduinto
“clusters” (in Fig. 6, these clusters are indicatgdyrey dotted
rectangles). The blurring of the antinodes gengrmddicreases
when the angle of incidence approaches the baneldggs for
TE- and TM-modes. For TM modes, the antinodesedsst for
large angles of incidence, with the maxima mergihgrazing
incidence. It is interesting to note that the ferth is from the
bandgap edge, the less is the number of the pealdeithe
“cluster”, whereas the number of the clusters iases.

Figure 7 shows the evolution of the dependeis{s 2) for
two narrow passbands (nefir=28° and6 = 30° for TE-
polarization and = 30° and® = 33° for TM-polarization states
of light) with an increase of temperature. Bluekseeorrespond
to room temperaturéo (At =0), green peaks correspond to
At = 25 K, and the red onesAt = 50 K. As can be seen, with
increasing temperature by 25 K, the distributiSgo, 2)
corresponding to individual transmission bands tshién
average by 0.7° towards larger values of the imsideangle for
both TE- and TM-polarizations. The shapeSof{namely, the
number of the peaks and their position alongztheordinate)
is preserved. The angular distance (differencéénangles of
incidence) between the transmission peaks for Exeahd TM-
modes is more than 1.5°, which is five times gnetdan that in
a ternary (three-component single-periodic) PC .[38jese
peculiarities allow us to propose a sensitive thrm
polarization TE|TM switch that monitors the tempera
variation by measuring the change of the angulstadce at
which a certain distribution of the transverse comgnt of the
Umov-Poynting vector of the corresponding bandwidkh
observed.

On the other hand, by fixing the incidence angler, f
example, ab = 29.4°, it is possible to observe the TE-mode at
At = 0 K, whereas &kt = 25 K, there is no TE-polarized light,
but the TM-mode appears, which makes it possible to
implement a polarizing TE-TM switch controlled by
temperature. Further, for one polarization stabe,example,
TE, fixing the incidence anglé = 29.4° and slightly varying
the temperature, one can observe a sharp dropeimtbnsity
S(2), which gives a principle of an ultrasensitive rthal
sensor. Indeed, an increase in temperature by éaHslto a
decrease in the peaks of the energy flux by abaimes (Fig.
8), whereas the spatial position of the peaks de¢xhange.
Thus, the relative sensitivity of the longitudiradergy flux to
the temperature variations can be estimated as
(Sdat=0— Siat=1K)/(At Sdat=0) =50 %/K. Note that the
sensitivity of the temperature sensor can be fuitteeeased by
increasing the number of subcelld &ndN) and superperiods

T T
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Fig. 6. The longitudinal component of the Umov-Poynting vector S(6, z) of (a) TE- and (b) TM-polarized light as function of the incidence angle 6
and the z-coordinate inside the structure [(TA)*(SZ)®° at room temperature to.
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Fig. 7. The longitudinal component of the Umov-Poynting vector S(6, z) of (a) TE- and (b) TM-polarized light as function of the incidence angle 6
and the z-coordinate inside the structure [(TA)>(SZ)%]° for different values of the temperature deviation At = 0, 25, 50 K (blue, green, and red peaks).
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Fig. 8. The longitudinal component of the Umov-Poynting vector S.(z)
of the TE-polarized light as function of the z-coordinate inside the
structure [(TA)%(SZ)°)° for different values of the temperature deviation
At =0, 1, 2 K (blue, green, and red curves, respectively) at the incidence
angle 6 = 29.4°,

(K), which will lead to narrowing of the resonanaeek and
thus faster decay of the energy flux distributiothnsmall
changes of the temperature. The alternation oftrémesverse
intensity bands can also be used in modeling thie klements
of integrated optics, and the ability to work sitankeously in
two orthogonal polarizations makes it possible taildle the
number of potential logic levels/number of states.

IV. CONCLUSION

In this work, we have developed a theoretical asialgpf the
optical properties of 1D four-component three-pdido
photonic crystals Hb)N(cd)]X based on TiQ SiQ, Al20s, and
ZrO2 oxides, accounting for the temperature effectsthumn
transmittivity spectra. The considered structuresseh an
advantage over ternary photonic crystalabf{c]¥, where
layersc play a role of regularly repeating defect layévsur-
component three-periodic photonic crystal can besictered as
a composite structure in which one of the cellyplhe role of
a “defect” and the other plays the role of the Uiag’ photonic
crystal.

We focused on the structures with a medium optioatrast
in the pairs of layers, b andc, d of the sub-cellsap)N and
(cd)™, in contrast to high and low optical contrast gdd

previously. Considering thermo-optic effect andeeff of
temperature expansion, we analyzed the influence of
temperature on the transmittivity spectra of TEd @M-modes
and on the intensity distribution inside the phatamystal. We
demonstrate how the choice of the Bragg wavelengthbe
subcells can adjust the transmittivity spectra ofths a
multiperiodic photonic crystal. In addition, thdéfdrence in the
“resonance” angles of incidenc® corresponding to the
transmission peaks of any neighboring modes of & BV
polarizations can be about 1.5°, which is at |éasttimes as
large as in a ternary photonic crystal. This gigempetitive
advantage in the development of polarization-sies#plitters
(switcher) or detectors based on multiperiodic phmt
crystals.

As the temperature increases, the transmission $faftd at
arate ofAB/At = 0.03 °/K, which provides a double adjustment
of the transmission capacity of the structure: bgnging the
angle of incidence (rough adjustment) and by chapdhe
temperature (smooth adjustment). The sensitivity tloé
spectrum of three-periodic PC to the variationenfiperature is
about 0.1 nm/K, which is larger than that of a Brgeriodic
PC with a defect layer. Additionally, such multijpetic PC can
be used for monitoring of tiny deviations of tenadere by
measuring the intensity distribution along the agisthe
structure.

All these peculiarities thus can be useful in tigrication of
sensors that assume the presence of several |dgiedb of
transmission and non-transmission. In addition pifesence of
several levels of transmission and non-transmissioth
different values of the transmittivity makes it pitde to use
such a structure as an artificial optical synapse f
neuromorphic processors, taking into account teatper
fluctuations [41]. Adjustable wavelength tuning a@cy can
also be useful when working with medical laser sesrin the
near- and mid-IR ranges.

In view of the foregoing, the type of the structicensidered
in this paper can be used, in particular, as ssliasicreating a
thermal sensor integrated into other photonic anidtegrated
optics devices, or used as a separate multifuradtiphotonic
device that combines the functions of a thermakserf0.1
nm/K or as high as 2.22 1/K for= 90% toT = 10% transition),
an angle sensor (no worse than 0.03 °/K), a p@foia switch
and a logic element of an integrated photonicsudirc
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