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This study focuses on the optimization of a lateral transition that is designed for coupling an optical fi-
ber and a waveguide. The objective is to study the impact of the key parameters of this linear transition on
the coupling efficiency, taking into consideration the index variations, the length, and the transition form,
in order to improve the transmission performance without losses between the optic fiber and the wave-
guide. We accomplish this using BeamProb of Rsoft CAD, which relies on the Beam Propagation Method
BPM. Besides, we carried out simulations of different shapes and lengths of the lateral transition. The
findings of the simulations allowed for the analysis and evaluation of the different configurations of the
lateral transition. In order to use this type of transition in the field of optic communications, we examined
how the diverse intensities varied in the outlet and inlet of the taper. In addition, the results allow deter-
mining the suitable length and form of the taper where the signal is most exploitable.
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1. INTRODUCTION

The integration of different optic components is nec-
essary for the development of the communication sys-
tems that rely on the optic fibers, such as the switches,
the couplers, the multiplexors, the demultiplexers, and
the fibers [1-6]. Besides, the harmonious integration of
these different optic components associated with an
effective coupling between the optic fibers and the wave-
guide paves the way for important developments in the
field of optic fiber communications. This makes the optic
networks more performing, more reliable, and more
evolutionary, and it meets the increasing needs of data
transfer worldwide.

Nevertheless, the implementation of the fiber optic
and waveguide coupling is not easy due to the different
sizes that cause very high losses; i.e., the transmission is
not direct between them. The current solution is to use
the transition between the fiber and the waveguide [7-9].

The transition, or taper, is a particular form that
aims at linking an optic fiber that guides the light
through the central axis towards a waveguide that
guides the light through a flat structure. The tapers
are used in the photonic devices, the integrated optic
circuits, antennas, and the optic sensors to improve the
efficiency of the coupling and reduce the reflections or
energy losses, allowing a better transmission of the
light and the optic signals [10-16].

The study and optimization of a lateral transition be-
tween the optic fiber and the waveguide may be carried
out to improve the efficiency of coupling the light be-
tween the two devices. Many alternatives have been
suggested to improve the transition [17-20]. However,
we must have a very long transition length and, thus, a
structure size that is not compatible with the integrated
optics.

The aim of this study is to optimize the linear tran-
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sition between the optic fiber and the waveguide using
a global approach that takes into consideration the
geometric parameters, the material properties, and the
transition length, form, and alignment. An in-depth
understanding of these parameters and of their inter-
actions allows designing more performing coupling
devices and paves the way for new advancements in
the optic communications and photonic systems.

To reach the objectives, we made a linear transition
simulation with BeamProp of Rsoft that is based on the
BPM method.

In the 15t section, the paper provides a short intro-
duction about the fiber and the waveguide. Then in the
second, we treat the transition structure and BPM
method of the used software. The simulation results
and the discussion are given in section 3 where we shed
light on the analysis of the impact of the different key
parameters on the coupling. Finally, we give the con-
clusion in the fourth section.

2. PRESENTATION OF THE TRANSITION
STRUCTURE AND THE PBM METHOD

2.1 The Structure of the Transition

In optics, a taper (also called transition in French) re-
fers to an area where the geometry of a waveguide or
optical fiber is gradually changing in shape or dimen-
sion. This means that the waveguide or optical fiber is
gradually moving from a wider section to a narrower
section (tapering down) or vice versa (tapering up).

Fig. 1 illustrates the structure of a transition (ta-
per), which is characterized by a length Ltaper, a
height A, and an index difference An.

A linear taper is defined by the following function:

f(2) =z, (2.1)
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Fig. 1 - Design of the transition (taper)

The height of the type varies according to the z posi-
tion along the transition:

h(z) = hg + (hy — ho) f(2), 2.2)

ho and hi1 are the heights at the beginning and end of
the guiding structure (optical fiber- waveguide).

The index difference varies with the z position along
the transition as a function of f(z).

It is defined as:

An(z) = Any + (Any — Ang) f(2), 2.3)

Ano et Ani are the index differences of the beginnings
and end of the guiding structure (optic fiber,
wavaguide).

Fig. 2 shows the form of the taper used under the
graphical interface of Rsoft.
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Fig. 2 — Linear Lateral Taper Shape under Rsos software

2.2 The BPM Method

The Rsott software contains a complete system to de-
sign, simulate, and analyze the parameters of the dif-
ferent optical components. Beam.Prob is the integrated
module with Reof;; it is based on the BPM method
(Beam Propagation Method).

It is a tool for simulating optical propagation in two-
and three-dimensional waveguides. At the heart of the
BeamProb is an extremely robust computational pro-
gram capable of finding the rigorous solutions of Max-
well wave equations, solutions that are completely vec-
tor-based and completely bidirectional, taking into ac-
count all reflections at the joints at the interface of the
different components of the device, because the bidirec-
tional algorithm models all internal reflections [17].

3. SIMULATION ANALYSIS OF THE
INFLUENCE OF KEY PARAMETERS ON
COUPLING EFFICIENCY.

JJ. NANO- ELECTRON. PHYS. 15, 05017 (2023)

3.1 Simulation of the Components Related to
the Transition

The simulation components are a single-mode fiber
(SMF) and a single mode RIB waveguide. The aim is to
make a coupling between these two systems using a
lateral taper of a linear type.

In this study, the simulation of the propagation
modes of the RIB waveguide and the optical fiber is
carried out using the Beam.PROB simulator.

As for the optical fiber, we used a Single Mode Fiber
SMF in a step-index single mode silica with a diameter
of 10 um whose core refractive index is nc= 1.44904,
cladding refractive index is ng = 1.44404, and the index
difference is (An = 0.005).

Fig. 3 shows the propagation of the light in the core of
the optical fiber following the propagation direction (Z).
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Fig. 3 — Light propagation in SMF fiber

We notice that the light propagates only in the core
of the 10 um optical fiber, and this is according to the
direction of propagation (Z)

The structure of the simulated RIB waveguide is
shown in Fig. 4, and Table 1 summarizes the fixed
parameters and those entered in the dialogue box of
the Rsoft software.
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Fig.4- Structure of a RIB waveguide

Table 1 - Optical and geometric parameters of the RIB wave-
guide used in simulation

Wavelength (1) 1.55 pym
Background index (n3) 3.34
Height of the waveguide (H) 1.5 pm
Width of the waveguide (W) 1.1 pm
Height of the slab (k) 0.6 um

Cover index (n1) 1
Silica index (n2) 1.4404
The depth of the engraving (D) 0.9 um

An optimization of the parameters of the RIB wave-
guide showed its insensitivity to the polarization [16].
Fig. 5 shows the results of the simulation obtained
from the intensity of the field for the two types of polar-
ization, TE and TM.
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Fig. 5 — Field strength containment in the RIB guide for both
TE and TM polarizations respectively

The fibers and the waveguides support different
propagation modes. An efficient transformation must
facilitate the conversion of the fiber modes into appro-
priate modes of the waveguide.

3.2 Influence of Key Transition Parameters on
Coupling Efficiency

We study the influence of the key transition param-
eters on the efficiency of the coupling in order to find
the optimal characteristics of the transition (taper) that
allow coupling the fiber and the waveguide, i.e., a
propagation without losing the optical capacity at a
telecommunication wave length A = 1.55 um.

Simulation analysis of the transition or taper was
performed with a 2D beam propagation method (BPM).

We show the results of the obtained simulation in
Table 2 for many values of the index difference, and for
a fixed length of the transition, Liaper = 500 pum.

Fig. 6.a shows the profile of the field at the start of
the transition where a capacity of 100 % is sent. On the
other hand, Fig. 6.b shows the profile of the field at the
end of the transition, i.e., what is really coupled in the
waveguide.

For L =500 um, the capacity sent to the outlet of
the transition is around 87 %. Thus, we get a coupling
efficiency that is close to 87.36 %, i.e., 12.64 % of losses.
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Fig. 6 — The profile of the field at the beginning of the transi-
tion (a); at the end of the transition (b)

Table 2 — Results of the coupling efficiency and the losses
according to index difference transition

Index dAl’f;ference C(();lepr}ir;g( ;)f)’fl The losses (%)
0.003 77.39 22.61
0.004 82.27 17.73
0.005 87.36 12.64
0.006 92.33 7.67
0.007 95 5

We notice in Table 2 that the losses reduce when An
increases. Therefore, we can deduce that the value of
the index difference (An =0.007) is optimal because it
guarantees better confinement of the light. Conse-
quently, if we increase the index difference of the fiber,
the coupling efficiency increases.

3.3 The Influence of the Transition Length

In order to study the influence of the transition length,
we change the Ltaper value each time from 500 to 900 pm
and, then, measure the coupling efficiency. We kept all
the other fixed parameters and the index difference opti-
mum (An = 0.007). Table 3 summarizes all the results.

Table 3 — Results of the coupling efficiency and the losses
according to the transition length

Coupling o
LTaper (um) efficiency (%) The losses (%)
500 95 5
600 89 11
700 80 20
800 75 25
900 67 33

In this transition case, and for a length of 500 um, a
transmission coefficient of approximately 95 % of the
input power is observed, with only a 5 % loss of light;
this is a significant improvement compared to [17,20].

The different simulated transition lengths should
be chosen neither too short in order to limit light leak-
age, nor too long due to space constraints.

3.4 The Influence of the Transition Form (Shape)

In this section, the obtained results of various pro-
files of the taper used during the simulation are present-
ed, with their corresponding mathematical functions
being of the exponential and quadrature types. The
coupling efficiency and the corresponding losses for the
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taper shapes are reported in Table 4, while keeping the
transition length at 500 um and An = 0.007.

Table 4 — Results of the coupling efficiency and the losses
according to the transition form

Transition form Cz?eﬂ(l;g(o/ef)‘ﬁ The %;s;)es m
Linear 87% 11.13
exponential 76% 13.80
quadratic 70% 14.77

We notice that the transformation shape influences
the exit characteristics, mainly the coupling efficiency
and, thus, the losses.

Besides, we notice that the linear shape gives the
minimum losses compared to the exponential and
quadrature profiles.

The choice of the transformation shape depends on
the material’s properties, the length of the work wave,
and the length of the transition.

4. CONCLUSIONS

Through this study, we managed to show that the
efficiency of coupling a linear transition between an
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Bruius ki1ouoBux mapamMerpiB Ha ePeKTUBHICTD 3B A3KY JIIHITHOrO mepexoay MisK OITHYHUM
BOJIOKHOM i XBUJIEBOJOM [JIA TEJIEKOMYHIKAIIHHUX Mepex

Zahia Khaldouna, Fatima Brik

Badji Mokhtar Annaba University, Laboratory of LERICA Communication & Instrumentation, Annaba, Algeria

Jocmimrenns 0yJIo 30cepesKeHo Ha OIITUMI3allii 60KOBOT0 Iepexoy, MPU3HAYEHOTO [1JIs 3'¢THAHHS OIl-
TUYHOTO BOJIOKHA Ta XBUJIEBOIYy. Mera mosisirae B TOMY, 11100 BUBYMTHU BILIME KJIIOYOBUX IIAPAMETPIB IIHOTO
JIHITHOTO Mepexony Ha e)eKTUBHICTD 3B’s13Ky, OepydH JI0 yBaTy Bapiallii 1H1eKCy, JOBXKUHY Ta GopMy Iepe-
XO/JTy, 100 TOKPAIIUTH POTYKTUBHICTH mepeaadi 0e3 BTpaT MK OITUYHUM BOJIOKHOM 1 xBuieBi. Mu mocsi-
raeMo 1pOro 3a moromoroid BeamProb iz Rsoft CAD, skwmit cimpaeTbess Ha MeTOJ, MOIMIMPEHHS IIPOMEHS
BPM. Kpim T0oro, Mu mpoBesu MOIEJIIOBAHHS PidHUX (OPM 1 JOBMKHUH OIYHOTO mepexomy. PesyiabraTtu mose-
JIIOBAHHSA J03BOJIMJIA IIPOBECTH aHAJI3 TA OIIHKY PI3HUX KOH(Irypaiiii 6iu"oro mepexoxay. s toro, mo6
BUKOPHCTOBYBATH LM THUII IIePeX0ay B 00JI1aCTi ONTHYHUX KOMYHIKAIIIHM, HEOOX1THO IIPOBECTH IIEPEBIPKY TO-
T0, IKMM YHHOM Pi3Hi IHTEHCHUBHOCTI 3MIHIOIOTBCS HA BUXOMI Ta BXOI 3BysKeHHs. KpiM Toro, pesysbratu m0-
3BOJISIOTH BU3HAYUTH BIAMOBIIHY JOBKUHY Ta POPMY KOHYCHOCTI, e CUTHAJI HAWOLIBII IPUIATHUHI JJIs BU-
KOPUCTAHHS.

Knrouogsi ciosa: 3uennenns, Banka, KorychicTs.
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