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Modeling of ZGDC polarization splitter on SiN
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In this work we present results of numerical modeling of a ZGDC polarisation splitter based on SiN thin films.

The magnitude of the interference is −15 dB for the TM-mode and −10.4 dB for TE-mode. The transmission

coefficient is 43%.
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Polarization splitter (PS) — is a passive optical device

that performs spatial separation of TE and TM modes. The

PS can be used as an element in communication systems

that use channel separation by polarization or as an element

of a photonic integrated circuit (PIC), ensuring the joining

of polarization-dependent PIC elements [1–3].

The most widespread are integrated PS based on the

silicon-on-insulator (SOI) platform [1–3]. The SOI platform

provides low scattering losses into the cladding due to high

refraction index contrast. One of the advantages of SOI

is also its compatibility with CMOS technologies. The

disadvantage of the SOI platform is the opacity of silicon

in the visible part of the optical spectrum, which does not

allow the use of SOI-based PIC visible light communication

devices [4–6]. In addition, silicon may experience nonlinear

optical losses caused by two-photon absorption in the near-

infrared spectrum [6–8].

Thus, an urgent task is to study the use of alternative

materials for the development and production of passive PIC

elements. One of the promising materials is silicon nitride

(Si3N4). Like silicon, Si3N4 is a CMOS-compatible material,

but is not subject to two-photon absorption, has a wider

range of optical transparency, and lower wall roughness [6].
Currently, Si3N4 is used to create various passive PIC

elements, for example, ring resonators, mode converters,

coupling elements, optical filters, etc. [9].

The aim of this work is the numerical modeling of a PS

based on comb waveguides made of thin films Si3N4. The

main task is to determine the configuration corresponding

to the highest division efficiency, the shortest length and the

least crosstalk.

Methods for implementing integrated polarization di-

viders based on directional couplers are known from the

literature [10,11]. A directional coupler consists of two

waveguides having a coupling section of length L and

characterized by the distance between the waveguides along

the coupling section (wg). The layout of such a splitter is

shown in Fig. 1, a.

In this work, we consider a PS based on a zero gap

directional coupler, characterized in that instead of two

closely spaced parallel waveguides, between which mode

flow is observed, one waveguide is formed, the width of

which is 2 times greater than the width of the input and

output waveguides (w). The layout of such a polarization

divider is shown in Fig. 1, b.

One of the main advantages of a PS based on a

zero gap directional coupler is the absence of additional

internal walls of the waveguides in the area of their

coupling. It is known [12,13] that the roughness of the

interfaces between media is responsible for most of the

optical losses in comb waveguides made by plasma-chemical

etching [14]. The effect of polarization separation in such a

waveguide is achieved due to the interference of symmetric

(fundamental) and asymmetric (first-order) modes [11].
Since TE and TM modes have different effective refraction

indices (ERI), they form different interference patterns;

accordingly, the length of the two mode interference zone

L determines the flow of radiation into one of the output

waveguides.

The polarization splitter model under review is based

on comb waveguides formed from thin films of Si3N4

on a silicon dioxide insulator (SiO2). The parameters of

numerical simulation are shown in Table 1.

TE/TM
wg

L

L

2w

TE/TM

w

TM

TE

TE

TM

a

b

Figure 1. Typical PS configurations are: a — PS based on

a conventional directional coupler, b —PS based on zero gap

directional coupler.
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Figure 2. Results of numerical simulation: a — dependence of the port transmittance coefficient on the type of mode and the length

of the two-mode interference zone, b — calculation of the propagation of the TE mode for the length of the two-mode interference zone

14.5 µm, c — calculation of the propagation of the TM mode with a two-mode interference zone length of 14.5 µm.

The choice of parameters given in Table 1 is determined

by existing technological limitations and corresponds to

modern data on the manufacture of comb waveguides based

on Si3N4 [17,18].

To calculate the coupling lengths of the TE and TM

modes, let us turn to the formula [10,11]

LTE
C =

λ

21NTE
, LTM

C =
λ

21NTM
,

where λ — wavelength, 1NTE, 1NTM — the difference

between the ERI of the fundamental TE/TM mode and the

ERI of the first order TE/TM mode, respectively. The ERI

of the modes were calculated using the finite difference

method [19]. Results of the calculation of the coupling

length are presented in Table 2.

Table 1. Simulation parameters

Parameter Parameter value

Waveguide width is w, nm 600

Waveguide height, nm 800

Refraction index Si3N4 2 [15]
SiO2 index 1.44 [16]
Wavelength, µm 1.55

Table 2. Results of coupling length calculations

nTE0
ef nTM0

ef nTE1
ef nTM1

ef 1NTE 1NTM LTE
c LTM

c

1.7823 1.8053 1.5746 1.5843 0.208 0.221 3.731 µm 3.507 µm

The actual length of the two-mode interference zone can

be found using the formula [5]

L = mLTE/TM
c ,

where m = 1, 2, 3, . . . , LTE/TM
c — is the coupling length of

the corresponding mode.

The simulation used a boundary condition that prevented

radiation from being reflected back from the outer bound-

aries of the model. Figure 2, a shows the dependence of

the transmission coefficient of the output ports on the mode

and length of the two-mode interference zone, obtained as

a result of numerical simulation. Figure 2, b presents the

calculation of light propagation through the PS.

Fig. 2, a−c shows that with the length of the two-mode

interference zoneL = 14.5µ m, separation of TE/TM modes

is achieved across different ports. Fig. 3 distribution at the

output end of the PS for TE and TM modes at L = 14.5µm.

The calculated crosstalk for the TM mode is −15 dB,

for the TE mode −10.4 dB, the transmittance coefficient

was 43%. The crosstalk obtained is superior to that achieved

by a similar configuration based on lithium niobate [11].
The developed PS model can be used in the future for the

development of PIC based on Si3N4 or the hybrid platform

Si3N4/Si [6].

Thus, the opportunity of implementing a PS based

on comb waveguides made of Si3N4 thin films in the

configuration of a zero gap directional coupler with a two-

mode interference length of 14.5µ m was demonstrated.

The resulting crosstalk was −15 dB for the TM mode

and −10.4 dB for the TE mode.
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Figure 3. Normalized intensity distribution at the output of the

PS for TE and TM modes.
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