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Atomic layer deposition (ALD) is a versatile technique to grow thin films for a wide range of applications including energy conversion
and electronics. Materials deposited on insulating platforms through ALD can expand their use in optics and photonics. In this work, we
present the design of an integrated optics all-pass micro-ring resonators based on measured optical properties of ALD materials, particularly
titanium- and zinc oxides (Ti@and ZnO on insulator). For optical communication applications, zinc oxide on an insulator (ZOl) provides
mode confinement of 46%, an evanescent decay of 855 nm, and a quality factor ol@fbab1550 nm. Atomic layer deposited core
materials on an insulator provide an effective alternative for optics and photonics.
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1. Introduction the width of the channel waveguide by electro-lithography
process, respectively [11]. ALD technique is a fabrication
Devices based on optical waveguides for data transmissioféthod that produces high-quality nanolayers of thickness
are a potential solution to satisfy the telecommunication de¢ontrolled by dosing vapors of reactants on the substrate and
mand for higher bandwidth and faster data communication/®P€ating reaction cycles until the desired film thickness is
aiming to overcome the bottlenecks in data transfer [1, 2]obPtained [12, 13]. Atomic layer deposition (ALD) has been
As a consequence, several devices in the area of integraté§monstrated to be a quite promising technology for the fab-
optics have been developed: directional couplers [3], powefication of low-loss optical waveguides [14].
divisors [4], and ring resonators [5]. Optical ring resonators  Most contributions to optical ring resonators have been
based on a circular loop and channel waveguides play a cribased on silicon (Si) and silicon nitride (SiN) waveguides
ical role in various applications, including optical processing[15—17]. There are a few contributions related to optical ring
filters [6], switching/routing micro-devices [7], optical de- resonators based on: titanium oxida(Q-) [18,19] and zinc
lay lines [8], biosensors [9], and micro-laser cavities [10].oxide (ZnO) [20, 21]. As a strategy towards nanophotonics
These devices warrant analysis with a focus on compatibilitydevices, several core materials i£l;03, ZnO, andTiOs,
with Si/SiO. wafers, facilitating their integration into opto- are being developed using the ALD technique ifD,/Si
electronics devices. wafers in our facilities [12, 22, 23]. In this work, the de-

The performance of the ring resonator and the bus base¥j9n ©f an optical ring resonator based on ZnO and TiO2
on optical channel waveguides is very sensitive to effectiveésUP-wavelength channel waveguidesif),/Si substrate is
refractive index, optical confinement, and evanescent fiel@reésented. The design challenges of an all-pass optical ring
that depend on dimensions of waveguide cross-section af§Sonator (AOR) involve reducing bending losses, a narrow
core/cladding optical properties. Hence, it is necessary tgnéwidth (full-width half maximum, FWHM), a high-quality
consider width and thickness tolerances induced by fabrica@ctor (Q-Factor), and the extinction ratio, parameters that
tion techniques in the designing process, i.e., atomic IaerV'” (.jetelrmme |f'the AOR s suitable to be used in optoelec-
deposition (ALD) and electron-beam lithography; in which tronic micro devices.
the waveguide thickness can be controlled by regulating the This study aims to demonstrate that the optical ring res-
number of nanolayers deposited during ALD process, ananators fabricated using the ALD technique exhibit competi-
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tive optical properties, making them well-suited for telecom-with the optimal feedback path, being the complex ampli-

munication applications due to the precise control of thin-thintudesE are normalized. The optical ring resonator presents

layer deposition. Additionally, we validate that devices basedhe following matrix related to the incident, transmitted, and

on ZnO andTiO, materials perform effectively in telecom- propagated electric fields:

munications systems. Their high refractive indices enable

the miniaturization of waveguide structures, facilitating sub- <E“> = < t . ]i> (EZ > , (1)

wavelength design creation. This capability allows these de- Eia —kT ot Ei

vices to support single-mode propagation and resonator ac- The self-coupling¥) and cross-couplingt] coefficients

tivities at a wavelength of 1550 nm, achieving quality factorsatisfy the relationshifk|? + [t|2 = 1. The asterisk+) de-

values exceeding 5000. notes the complex conjugate of the coupler’s parameters. To
simplify the model, we assume the transmitted beam is equal

to 1 (E;; = 1). Thus, a round trip in the ring is defined by:
2. Methodology ' _
Ep=a-eEp, (2

2.1. Theoretical background ) o _
Here, o represents the ring’s loss coefficient, with=

In general, a ring resonator consists of a looped optica indicating a fully lossy ring. The phase shift corre-
waveguide and a coupling mechanism to access the loop. TH@onds to the single-pass phase over the ring’s circumfer-
AOR scheme based on a circular and straight channel wavegnce, expressed @& = wL/c. The circumference length
uides is shown in Fig. 1. The circular and straight channeis given by L = 27 R, wherew is the angular frequency
waveguides are named ring and bus, respectively. Crosst = kco = 2mco/ A, ¢ is the speed of light in a vacuum, and
section parameters for each waveguide are the widitagd ¢ is the phase velocity of the ring mode= co/nes. By in-
thickness k) focus to only propagate single modes, and thecorporating the effective refractive index.{), the vacuum
looped optical waveguide has an internal radifis.(), and ~ wavenumber can be seamlessly included in the propagation
external radiusR..), and (®) as the ring radius at the half of constant for the ring’s coupling constant.

the waveguide. The interface materials involved in the AOR 2MNest

are the core (ZnO andiOs), cladding (air), and substrate B =k neg = N )
(SiO/Si). The signal traveling in the bus with a certain band-
width is coupled towards the ring, separated by a distance gap

Combining Egs. (1) and (2), we obtain:

dg, where certain wavelengths will be filtered. —a4t-e I

A simple loop is created by taking an output of a generic En = Zatt +e- 0" (4)
directional coupler and feeding it back to the input, as shown .
in Fig. 1. The AOR exhibits a periodic cavity resonance; E;» = i, 5)
when the wavelength travels through the ring, it acquires a —at* + e’
phase shift corresponding to a multiple ofrad. The prin- —k*

(6)

T 1 atrei?
We are focused on the transmission power related to
the bus output.

ciple of operation of AOR is based on two components: a
coupling force and a feedback path. The fundamental rela-
tion between the incident beaniy(), the transmitted beam
(Es1), and the circulating fieldsH, and E2) belonging to a
resonator are derived by combining the coupler relationships a? + [t]? — 2alt| cos(0 + ¢¢)

1+ a2|t|2 — 2alt| cos(6 + ¢)’

P = |Eal? = )
Here,t = |t| exp(j¢:), Wwherelt| represents the coupling
losses and, is the phase of the coupler. At resonance, when
(0 + ¢;) = 27n, wheren is an integer, the following expres-

sion is derived:

(o — [t])?
(1 —alt))*

Detailed information can be found in Ref. [24].

P = |En|* = 8)

Lii subs: 510, 2.2. Atomic layer deposition

FIGURE 1. The cross-section of the channel waveguide and theALD is @ conformal manufacturing process that produces
scheme of the proposed AOR. The thickness and the width of thedniform and homogeneous films. The principle operation
cross-section channel waveguide are the variablaadw; d, is is obtained by sequentially dosing reagent vapors onto the
the coupling distance gap ad@lis the ring diameter. substrate, growing a monolayer after achieving a cycle at a
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temperature that allows the precursors to react [25]. Then, 26—

to obtain a specific film thickness, it is necessary to repeat
those cycles, obtaining a homogeneous and conformal thin
film with highly precise control. ALD is a widely stud-
ied technique that reduces fabrication costs by avoiding ma-
terial waste. It is worth mentioning that the type of pre-
cursors depends on the specific material being grown. For
ZnO and TiQ, the precursors are diethylzinc (DEZ) and
tetrakis(dimethylamino)titanium (TDMAT), respectively. It
is important to recall that the TDMAT precursor must be
heated at 60C to increase the vapor pressure.

In this contribution, thin films of ZnO and TiDwere *
grown on different Si/SiQ substrates using the Beneq 600 800 1000 1200 1400 1600
TFES200 equipment, reaching different reactor temperatures: Wavelength (nm)
200°C for ZnO and 250C for TiO,. Here, each material's pigyre 2. Measured material dispersion curve from the ALD syn-
nitrogen {N2) flow quality was used:<< 107" ppmOa.  thesized core materials ZnO, and Ti®om the 500 to 1600 nm
The deposition cycle was different for each high refractivewavelength range. The continuous line represents the ellipsometer
index material sample, consisting of introducing the precurvalues of the ALD synthesized materials, while the dashed lines
sor for ZnO (DEZ dose: 40 ms) and TiGTDMAT dose: represent the estimation of the dispersion curve.
50 ms), then purging wittNs for ZnO (750 ms) and Ti@(3
s). An oxidizing pulse of HO for ZnO (75 ms) and Ti®(3
s) was introduced, followed by a final purge wity at the
same values mentioned. The number of cycles necessary to 6
grow 500 nm (ZnO) and 390 nm (TiPwere 2604 and 8125,
respectively. The growth rates (GPC) for ZnO and Ji@ere
1.92A/cycle and 0.48/cycle, respectively.
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3. Results and discussion
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After the synthesis of core waveguide materials, optical prop-
erties such as refractive index, and effective refractive index
of propagation modes of waveguides need to be determined.
These parameters are required to obtain the intensity distri-
bution of the propagation modes, optical waveguide layout

-si0,
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and transmission wavelength spectrum of optical resonators; x1073

which results are described next.

T T

3.1. Dispersion curve measurements

I

After ALD synthesis, optical material dispersions were ob-
tained from ellipsometer measurements as shown in Fig. 2.
By using the technique variable angle spectroscopy ellip-
sometry (VASE) with the equipment J.A. Woollam Model
M-2000, the refractive index valueg) of synthesized lay-
ers ¢ZnO andTiO,) were measured in the wavelength range
from 500 nm to 1000 nm. Thus, the samples were analyzed goo
on silicon wafer substrateSij with a thermal oxide layer of

3 um (SiO2) and thin layers of 500 nmZ{pO) or 390 nm b)
(Ti0y), this thickness has been proved by fiber-waveguide

coupling to calculate propagation losses, showing an appr
priate single-mode propagation [12, 26]. To fulfill the mate-
rial dispersion in the wavelength range of 1000 to 1600 nm  The refractive index values at 1550 nm wavelength are
required for further processes, the cubic B-spline extrapola2.36372 [iO2) and 1.885814n0). These values are used
tion method was used. This was necessary to calculate the calculate the effective refractive index valuasg() for the
waveguide core material’s refractive index before computingvaveguide structures. By using the equipment Bruker Ten-
the modal analysis of the cross-section channel waveguide.sor 27-IR, the FTIR spectrum for each of the samples was

Absorbance

N

800 1000
Wavenumber {cm'1)

1200

-IGURE 3. IR spectra of a) crystalline ZnO 500 nm film thickness
and b) amorphous Ti©390nm film.
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obtained as shown in Fig. 3. The vibration peaks belonging
to SiO, are related to the stretching modes at 1100 to 1000raBLE I. Cross-section waveguide parameters.
cm~! [27]. For theTiO, andZnO structures, the vibration
peaks are in the wavenumber range 700-1000'c[28, 29].

Material Height (nm) Width (nm)  nes(TEo)
ZnO 500 1400 1.5946
3.2. Channel waveguide propagation mode properties TiO, 390 700 1.7732

The cross-section waveguide described in Fig. 1 was anar ST :
lvzed to calculate thew.« and modal confinement for the ABLE Il. Intensity distribution percentage for cross-section chan-
y eff nel waveguide materials.

propagation mode. Considering the interfaces refractive in-

dex of cladding (air: 1.00), substratg8iQ»: 1.44), and the Material Core Substrate Cladding
core values shown in Fig. 2. With the thickness layey ( ZnO 46% 33% 21%
mentioned in the previous section for each of our samples, o, 40% 27% 33%

the optimal width (v) for fundamental mode were analyzed
for ZnO and TiQ,, as shown in Fig. 4 for an operating wave- i yex value compared witiO, [30]. The yellow region

length of 1550 nm. represents the effective condition to ensure the existence of

_ For Fig. 4,_ the effective dispersion curve resolution a”a"the TE fundamental mode. The dashed red line represents
ysis for the width was from 0.100m ranging from 0.5um b refractive index of th&iO, substrate; then, if the.s of

to 3.0um. The dashed circle represents the existence of Ny e sirycture is higher than this value, modal propagation ex-
brid modes for each of our effective dispersion curves, whergys 1t is essential to point out that a 200 nm error margin for
Zn0 has a more extensive area to not stimulate hybrid modeg, ¢ gjectro-lithography technique must be considered for the
(TMo-TE;) because itis a material with a lower refractive .. imum width to propagate the fundamental modeTE
for 1600 nm ¥nO) and 900 nmTiO,). As a consequence,
the following widths will be analyzed: 1400 nrd{O) and
700 nm ('iO3). Thenes values for each structure are the
following: 1.5946 ¢nO) and 1.7732(i0,). It should also
be mentioned that the more significant value of the refractive
index represents a higher confinement. Figure 5 shows the in-
tensity distribution of the eigenmode (§Hor each selected
material, and Table | shows waveguide parameters.

Considering the structure configuration for fundamental
modal propagation, it is necessary to calculate the intensity
distribution percentage for the whole cross-section waveg-
uide interface, as shown in Table Il. As shown, the chan-
nel waveguide material with a high effective refractive in-
dex value shows lower modal intensity confinemériis).
Meanwhile, the channel waveguide material with a lower
effective refractive index value presents higher modal con-
2r /’__ finement for single-mode operation. However, the channel

waveguide dimensions should be considered; herel'tbg

dimensions are smaller.

The evanescent wave intensity distribution for the chan-
7 0 nel waveguide materials configuration was computed. This
0 property provides information about the capacity of coupling
—TE, 1 light to another optical channel waveguide. For the evanes-
— -Si0O._n cent wave study, the intensity profile of Fig. 5 was analyzed

V| ik e it i for the different cross-section optical channel waveguides

0.5 1 1.5 2 25 3 configuration. The white dashed line represents the section

b) Width (pm) where the intensity profile was analyzed.
The modal profile distribution indicates the excitation
and TR at 1550 nm wavelength operation from a) ZnO, and b) of down-peaks at the core-cladding interface, which can

TiO2. The yellow area represents an optical channel waveguidebe conS|der¢d weakly guided modes [31-33]. The. evanes-
with a range of width values for single mode operation for a film Ce€nt wave distance reach for each channel waveguide mate-

thickness of a) 500 nm, and b) 390 nm. The dashed circle reprefial configuration at 0.01% of the distribution was: 855 nm
sents the existence of hybrid modes (FWVIE,). (ZnO) and 716 nm (Ti@); as can be seenin Fig. 5, these

_—TEﬂ
TM0
1.6 —TE,

- -Si0,

-
o
(4}

1.55

1.5t

1.45

Effective refractive index

0.5 1 1D 2 2.5 3
Width (um)

1]
S

1.8}

1.6

Effective refractive index

FIGURE 4. Calculated dispersion curve of the modes,TEMy,
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FIGURE 5. The TE intensity distributions and their cross-section intensity profile at 1550 nm wavelength operation for &) Z2nG0(0
nm,w = 1400 nm, andn = 1.88581), and b) TiQ (A = 390 nm,w = 700 nm, andn = 2.36372).

distances are suitable for fabrication techniques such as To estimate the optical properties of an optical ring ra-

electro-lithography. dius () of 60 xm was chosen, and then tlig was analyzed.
The total length for the straight channel waveguide satisfies
3.3. Properties of the AOR design I = 2xr4w. The resolution analysis fef, was 100 nm rang-

) S ing from 200 nm to 600 nm, and wavelength range C Band
Once the modal and evanescent intensity distribution of th?1528 nm to 1566 nm). The extinction ratio was calculated
fundamental propagation mode for the structures were calig shown in Fig. 6. The higher extinction values are 14.84 dB
culated, the next step is to design the ring resonator. It I$2n0) and 22.60 dB (Tig) for their corresponding,, of 500
necessary to consider the filtering mode characteristics fot, for both materials.

the AOR design. Here, the cross-section for the curved  Eigyre 7 presents the filter analysis of the better configu-
waveguide would be the same as the straight bus waveguidg,tion of the extinction ratio belonging to ZnO, showing how

with & 60 um ring radius ), and the design must be cen- o AOR works when the resonant wavelength is traveling in
tered to obtain at least nine resonant modes; moreover, theﬁg

modes must be suitable for the C band of telecommunica-
tions. These would be our initial design parameters, which
represent a maximum of 4.22 nm for the free spectral rang&ag.e 111. AOR's filtering parameters for 60m radius.
(FSR), which is the space between each resonant mode. It is

important to note that mode propagation has not offset for the Parameters Ti® ZnO
ring radius curvature, meaning that the intensity distribution Transmittance peak 0.9465 0.9893
is centered in the curved waveguide. Transmittance deep 0.0047 0.0184
Extinction ratio (dB) 22.6021 14.8425
25 o . Average FSR (nm) 3.56 3.95
) —Tio, FWHM (nm) 0.4396 0.22188
320 —2zn0 i F 8.0969 17.8020
9 Q-Factor 3533 7005
w15}
©
g TABLE IV. Ring resonator performance in terms of radius variation
'*3 10¢ for each ALD synthesized material.
= g Zno 60um  120um  180um
s out de " FWHM (nm) 02218 0159  0.1210
0 . ) ) Q-Factor 7005 9742 12842
200 300 400 500 600 Bending losses (dB/cm)  -19.4699  -4.4377  -7.3069
N . . L . FWHM (nm 0.4396 0.3550 0.3082
FIGURE 6. Extinction ratio for each material considering the dis- (nm)
tance gap ranges of 200 to 600 nm from the telecommunication Q-Factor 3533 4381 5045
wavelength range C band. Bending losses (dB/cm) -0.9708 -0.3103  -0.4845

Rev. Mex. Fis71041303
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FIGURE 7. Filtering analysis for the ZnO configuratialy = 500 nm: a) the wavelength at 1552.56 nm passing through the Bus, b) the
wavelength at 1554.40 nm filtered towards the ring.

TABLE V. Comparison of the fabrication methods, materials and structural dimensions of different optical wavelength devices.

Device Clad/Core/Subs Synthesis method A [pm] Subwavelength Losses (dB/cm) Year Cite
SWG SiGQ/SiISIO; N/M 1.55 Yes 18 2006 [35]
SWG Air/SiISIO, PECVD 1.52-1.56 Yes 18 2020 [36]
SWG SiGQ/SiISIO; N/M 1.55 Yes 2.6 2018 [37]
AOR Air/GaAs/AlGaAs N/N 5.9972 No 18 2019 [38]
AOR AlGaAs/GaAs/AlGaAs N/M 1.55 Yes 40 2000 [39]
AOR Air/SiGe/Si N/M 4.8 No 0.2 2023 [40]
AOR Air/Ge/Si N/M 4.6 Yes 1.7 2022 [41]
cow Air/TiO2/SIO; RFMS 0.6328 No 9.7 2011 [42]
Cow Air/TiO2/SiO; DCS 0.633-1.55 Yes 7.5 2015 [43]
MRR Air/TiO2/SiO; IBS 1.55 No 3.1 2020 [44]
Ccow Air/ZnO/SiO; N/M 0.6328 No 6 2022 [45]
POW Air/ZnO/SiG, RCMS 0.677 No 38-14 2009 [46]
AOR Air/ZnO/SiO; ALD 1.55 Yes 19.46 - 4.43 2024 *P
AOR Air/TiO2/SiO; ALD 1.55 Yes 0.97-0.31 2024 *P

Note: *SWG: Subwavelength gratings; *COW: Channel optical waveguides; *MRR: micro ring resonator; POW: Planar optical waveguide; N/M: Not
mentioned; PECVD: Plasma enhanced chemical vapor deposition; RFMS: Radio frequency magnetic sputtering; DCS: Direct Current Sputtering; IBS: lon
beam sputtering; RCMS: Reactive cathode magnetron sputtering. *P: In this paper.

The filtering analysis was made considering the opticall'iO, exhibits comparable and relatively low performance,
signal filtered near the 1555 nm range, as shown in Fig. &espectively. However, th@ — factor should be improved.
Configuration based on TiCand ZnO demonstrates suitable
optical linewidth. As can be observed, th@ — Factor is a parameter that

As shown, for the resonant wavelength operation atneeds improvement; thus, we chose the optical ring radius
1553.68 nm (TiQ) and 1554.4 nmZ4n0O). Then, con- as a parameter to study tlig— Factor. The following ra-
sidering this as a resonant wavelengti.(), it is possi- dius is analyzed: 12@m and 180um (shown in Fig. 9), to
ble to calculate their optical parameters: free spectral rangprovide a reliable device [8, 9, 34]. As shown in Table IV,

FSR = A\?/negL/, full-width half maximumFWHM = structures with larger radius increase the quality factor vari-
(1 — ra)X2,/mnex Ly/ra, quality factor Q — Factor =  able. As the ring radius increases, the linewidth becomes

Ares/FWHM', and finess& = FSR/FWHM', where cav- narrower. ZnO and Ti@exhibit a bending losses increment
ity length (L), coupling coefficienty), and attenuation coef- for the maximum radius. Notably, single-mode operation af-
ficient (o). All the optical parameters mentioned above for fects the bending losses in this configuration, with a ring ra-
each structure are shown in Table Ill. TEaO optical dius limit where bending losses reach a minimum. Beyond
parameters show modeQtand theFWHM is attractive for  this limit, the losses increase due to the extended propagation
telecommunication filtering applications (smBNWHM and  length. Despite this effect, the losses are minimal and do not
maximal filtering transmission). It is important to note that affect the performance of the AOR.

Rev. Mex. Fis71041303
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FIGURE 8. Transmission wavelength spectrum of AOR from 1552
nm to 1556 nm wavelength range for &@n ring radius of ZnO
(h = 500 nm,w = 1400 nm, d, = 500 nm) and TiQ (h = 390
nm,w = 700 nm, d, = 500 nm) with a resonant wavelength of

1554.4 nm and 1553.68 nm respectively.
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As shown in Fig. 6, it is important to mention that the
extinction ratio depends on the distance gap; then, it is neces-
sary to consider the distance gap and the minimum bending
losses to calculate the optimum performance of the AOR. At
this point, the optimal configuration for a ring resonator with
low losses, high excitation ratio, suitablg— factor, good
finesse, and a narrow linewidth is the platform of ZnO mate-
rial with a ring radius of 18@:m, d, 500 nm using a 1400 nm
width and 500 nm thin layer for cross-section with a cladding
of air and substrate of SiQ |t is important to recall that Ti@
platform is also competitive and can be used for different ap-
plications. Table V compares prior studies in optoelectronic
devices; as can be appreciated, the silicon-on-insulator plat-
form is the standard material for subwavelength structures.

Several studies have successfully applied the ALD tech-
niqgue to deposit thin layers for fabricating optical ring
resonators, focusing on slot waveguides achieving sub-
wavelength structures [47-49]. It is important to high-
light that this manuscript focuses on core materials synthe-
sized through ALD, specificallnO and TiO-, for sub-
wavelength optical channel structures in telecommunications
applications. The proposed platform achieves low propaga-
tion losses and a high-quality factor, eliminating the need for
a second ALD deposition step, as the previous works men-
tioned before.

4. Conclusion

Ring resonators based on optical channel waveguides using
ALD materials ZnO andTiO;) were analyzed by numerical
simulation. The studies herein were conducted to propose
a suitable platform: cross-section channel waveguide anal-
ysis, effective field distribution, and filtering analysis. By
extrapolating methods, the following refractive index values
at 1550 nm were computed: 2.3637PRi()2) and 1.88581
(ZnO). The cross-section channel waveguide area to propa-
gate fundamental modes with a cladding (Air) and substrate
(SiO,) for a core were:ZnO (width: 1400 nm and thick-
ness: 500 nm) and@iO, (width: 700 nm and thickness: 390
nm). Here, the TEn.g values were obtained: 1.59451{0)

and 1.77327i03). The maximum evanescent wave distance
for each channel waveguide at 0.01% was: 855 @m())

and 716 nm TiO.). Passing to the filtering study for the
notch filter application, with their resolution analysis,was

100 nm ranging from 200 nm to 600 nm, at the wavelength
telecommunication range (C Band-1528 nm to 1566 nm) for
a 60um ring radius, the optimal distance gap for each con-
figuration was 500 nm. The following optical parameters
were obtainedZnO (\.cs: 1554.4 nmFWHM: 0.2218 nm,
Bending losses: -19.4699 dB/cm, afy— Factor: 7005)

and TiOg (M\es: 1553.68 nm,FWHM: 0.4396 nm, Bend-

ing losses: -0.9708 dB/cm, arfgl — Factor: 3533). Being

FIGURE 9. Transmission graph for the AOR from the telecommu- the quality factor a variable to improve, deciding for a new

nication wavelength range: a) optical ring radius of %2, b)

optical ring radius of 18@:m.

study focused on a 120m and 180um ring radius, which
resulted in the best configuration platformZfO with a 180
pm ring radius. Here, the optical parameters were obtained

Rev. Mex. Fis71041303
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(Ares: 1554.76 nmFWHM: 0.1210 nm, Bending losses: - In the wave equation, the beam envelope node is the cen-
7.3069 dB/cm, and) — Factor: 12842). This platform is tral node, where the wave equations have an envelope func-
optimally designed for notch filter application in telecommu- tion, where the currentj and §) are the wave number in the
nication. However, its characteristics may also be suitablenedium. The perfect electric conductor has been explained in
for bio-sensing and micro-laser cavities. This proves thathe previous interface in Eq. (10). The Gaussian beam prop-
the ALD technique grows high refractive index materials,agation port boundary is used where electromagnetic energy
and considering the parameters of electron beam lithographgnters or exits the model, as shown in E8)(

manufacture can turn out to be a compact and efficient op-

tical platform that can be integrated into chips and increase nxVxE—jfnxExn=0, (13)
manufacturing quality. The results show ti¥atO waveg-
uide structures, with a ring radius as small as 60, can
exceed the quality factor value proposed. In contrésD),
structures required a ring radius up to 18 to surpass the
quality factor threshold of 5000.

where the propagation consta)( The scattering boundary
condition makes a boundary transparent for scattered wave,
as explained in Eq14):

n x (Vx E) = (ik)n x (E x n)
Appendix = —n (Eo x [(ik)n — ik]) e ", (14)

The next boundary conditions equations were used to solve Finally, the field continuity assures that the tangential
electric, magnetic, and intensity distribution fields to analyzeelectric and magnetic field components are continuous on in-
the cross-section channel waveguide to calculate the followterior boundaries, assuming thif, = Er2, Hr,1 = Hr,

ing parameters: modal numbers, effective refractive indexWhereEr,1, Hr1, Er2, andHr ; are the electric and mag-
confinement factor modal, and evanescent wave distributiofetic components fields from structure number 1 and 2, re-
The boundary mode analysis condition displayed in @y. ( SPectively [S0].

was used to solve using the wave equation:
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nel optical waveguides, the following interface was used AOR spectral response was obtained using COMSQOL
to design the optical resonant filter, which considers they software that uses a finite element method (FEM),a nu-
equations to solve unidirectional and bidirectional electro-merical method to approximate solutions of differential equa-
magnetic beam propagation. The subsequent mode analysigns for complex geometries. FEM employs a weak formu-
boundaries related to the wave equation, as shown inl2y. (  |ation of the differential equations to be represented as their
integral form. COMSO® manages different models to solve
(V = jk) x (V = jk) x E) = k§ (n*)E = 0, (12) " phenomenological physics.
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