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The numerical analysis of integrated photonics structures for
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Abstract—The paper presents a concept and numerical analysis of a
fast scanner based on integrated photonics structures, including a planar
waveguide with a grating coupler combined with a swept source laser as
a light source.

In the modern optoelectronics field, the core issue is
the development of integrated photonics structures for
guiding, modifying, and changing light beam propagation
direction [1-7]. The manuscript presents the concept of
the integrated photonics structure based on a planar
waveguide and grating coupler combined with a source-
swept laser for deflection of the light beam. The swept
source lasers are usually applied in the optical coherence
tomography technique to visualize the examined structure
[8-10]. However, the swept source, thanks to its
properties of wavelength changing of light in a fast way,
can also be applied in integrated photonics structures for
deflection of the light beam oo according to wavelength
changing and with speed equal to the frequency of swept
rate fa. This phenomenon can be used for fast deflection
of light in fast scanner applications. The concept of
photonics structure for deflection of the light beam is
presented in Fig. 1. The swept source is applied as a light
source for excitation of waveguide modes, which
propagate in the waveguide layer based on ZnO wide
band gap semiconductor deposited on BK7 glass. The
waveguide mode propagates in the planar waveguide and
arrives at the grating coupler, which is uncoupled to
cladding.

The principle of operations of the structure is based on
changing of output angle oot according to changes in
wavelength A generated by the swept source. The
mathematical equation describing the uncoupling of light
from the waveguide by grating coupler to cladding is
presented below [11-13]:

Besin (Aoue) = Puw + mfﬂ ) 1)

where: B¢, Pw - propagation constant in environment and
waveguide respectively, A - space period of the grating,
mo - diffraction order, aou - the angle of uncoupling of
light.

The critical issue is the analysis of the light beam output
angle « uncoupled from structure to cladding as a
function of wavelength changes generated by the swept
source. The output angle aox Of the light beam in the
grating coupler is defined by the equation [11-14]:

Aoyt = arcsin[1 (Neff - m[‘\’l)], 2

¢

where: A - wavelength, Ne - effective refractive index,
n.— refractive index of cladding.

The analyses were performed assuming the properties
of swept source laser (ESS840 Exalos) parameters
presented in Table 1 [15].

Table 1. Properties of swept source laser.
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Fig. 1. Scheme of analysed photonics structure.
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Central S range Swept frequency
wavelength Ac AL fa
840nm 60nm 100 kHz

The geometrical properties of analyzed photonics

structures,

coupler, are presented in Table 2.

Table 2. Geometrical properties of structure.

including planar waveguide and grating

Period of grating Depth of grating Waveguide
A grooves thickness
800 nm 50 nm 300 nm
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The refractive index of each layer in the analyzed
structure for wavelength at the edge of the swept range:
the shortest wavelength A; -, central wavelength A, and
the longest wavelength ), of each is presented in Table 3
[16].

Table 3. The refractive index of the waveguide layer and substrate.

Wavelength Waveguide Substrate
Zn0 nw BK7 glass ns
A1=810nm 1.9580 1.5106
Ac=840nm 1.9549 1.5100
A2=870nm 1.9505 1.5092

The numerical analysis was focused on two steps. The
first numerical analysis focused on determining modal
characteristics of the structure - effective refractive index
Nett @s a function of waveguide thickness dw. The modal
characteristic was calculated for three wavelengths,
including the shortest wavelength A4, central wavelength
A, and the longest wavelength A in the swept laser range,
and for waveguide layer thickness in the range from
dw=0um to dw=0.4pum. Numerical analyses were
performed using OptiFDTD software (Optiwave Systems
Inc., Canada).
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Fig. 2. Modal characteristic of waveguide structure.

The modal characteristic of waveguide structure shows
that the effective refractive Nerr index for each waveguide
mode decreases according to the wavelength of light 4
increase. In addition, the minimal thickness of the
waveguide layer dw for which waveguide mode can
propagate into structure increases according to the
wavelength of light increases. The value of the effective
refractive index Ne for waveguide thickness dy = 300 nm
was considered during the analysis of the light beam
deflection angle o The deflection of the light beam for
Transverse Electric (TE00) and Transverse Magnetic
(TMO00) waveguide mode is presented in Fig. 3 and Fig. 4,
respectively. The angle at which light is uncoupled from
the structure (relative to the normal) for the TEOO modes

http://www.photonics.pl/PLP

and the diffraction order m=1 is in the range of
Oout =49.9° t0 oo = 42.9 °, for the second diffraction
order m = 2 the olout = -14.3 ° t0 aout = - 24.8 °. In the case
of moduTMOO, the range of changes in the angle of light
uncoupled form structure is for the first diffraction order
m=1 oout=42.7° t0 aow=35.2° and for the second
diffraction order aout = -19.5 ° t0 aout = -30.7 °.
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Fig. 3. Changes of output angle o, during laser swept for TE
polarization mode.
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Fig. 4. Changes of output angle aq, during laser swept for TM
polarization mode.

The presented concept of the structure allows
deflection of the light beam Aoyt at the level of from 0°
to 7.93° or 11.17° degrees withf=100kHz rate
depending on grating diffraction and polarization of
waveguide mode Table 4.

Table 4. Analysis of angle deflection.

Waveguide mode
TE ‘ TE ‘ ™ ‘ ™
Diffraction order of grating m
1 ‘ 2 ‘ 1 ‘ 2
Change of output angle |Actout| °
7.93 ‘ 10.42 ‘ 7.56 ‘ 11.17
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The paper presents the concept of applying integrated
photonic structures in the form of planar waveguides with
a grating coupler for the deflection of light beams
according to the sweep of the laser source. This solution
has a high potential application in fast scanner devices
where the beam must be deflected according to the swept
source rate. In addition, the presented structure could be
applied in sensor applications, where changes in effective
refractive index New cause changes in the out-angle range
of the light beam. The key advantage of the presented
concept is a large scale of structure integration — and
high light deflection rating according to the laser's swept
rate.
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