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Abstract. The results of research and development of components of
Mach—Zehnder electro-optic modulator, in particular, the Y-divider and
MMI divider are presented. Technological studies were carried out and an
optical divider on an InP semiconductor substrate was obtained.

1 Introducrion

The tendency of increasing the speed and volume of transmitted information has given the
development to optical systems, particularly, to radio-photonics. One of the basic elements
of the radio-photon section is an electro-optic modulator (EOM). For high-speed data
transmission systems electro-optic modulators are manufactured on LiNbO3, GaAs, and
InP substrates. The fabrication of EOMs on semiconductor substrates allows to reduce the
geometrical sizes of device by several times compared to EOMs based on LiNbO3, as well
as reduce the half-wave voltage, which extends the functionality of telecommunication
equipment [1]. There are no EOM technologies on Russian market, and the number of
publications of this topic proves that Russia has a lag in the area of radio-photon
technologies.

One of the problems of EOM fabrication on a semiconductor substrate is great optical
losses in device structure. Inaccuracies of the lithographic process makes a big contribution
to the losses. Solutions presented in this paper aimed to reduce the insertion loss on the
elements of the Mach—Zehnder electro-optic modulator on an InP substrate are relevant and
are of great scientific interest.

2 Experimental

The structure of the Mach—Zehnder electro-optic modulator includes an optical divider and
an optical connector. To date, a Y-divider and a divider based on a multimode
interferometer (MMI) in the form of a ridge waveguide (Fig. 1) are used in integrated
design [2].
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Fig. 1. Layout view of a ridge waveguide.

One of the main problems of MMI divider and the Y-divider fabrication is the
reproduction of the required sizes. The simulation results showed when the sizes varies to
0,2 pm, the reflection coefficient can deteriorate by 20%. One solution is to use electrical
adjustment.

According to published data, using of additional electrode allows locally changing the
refractive index by 0,01 [3]. In this connection, studies were conducted and designs of Y-
and MMI dividers with a control electrode were developed.

T he studies were carried out using mathematical modeling in 2D mode. Since the optic
waveguide on the InP substrate was made as a ridge pin structure, most of the light
propagates in the ridge volume (Fig. 2).
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Fig. 2 . Layout view of light propagation in a ridge waveguide.

The optimal geometry calculated in [4] was chosen for Y-divider. The width of the
control electrode was equal to the width of the waveguide and equal to 2 pm. The length of
the electrode was varied in order to achieve the greatest difference in the separation of the
electromagnetic wave. The location of electrode is shown in Fig. 3.
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Fig. 3. Model of a Y-divider with a control electrode.

Electromagnetic radiation with a wavelength of 1550 nm was applied to the input of the
waveguide. The radiation was input orthogonally. Fig. 4 shows the dependence of transfer
coefficients between the channels from length of control electrode.

The results of studies showed that we can achieve the adjustment of the division
coefficient to 20% for the selected geometry of divider and control electrode. Also, studies
of MMI divider with a control electrode were conducted.

The electrode size varied from 6 to 36 um in the model, and the change of proportion of
light wave division in the interferometer was compared. Fig. 5 shows a model of multimode
interference divider with an electrode of 6 um in length.
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Fig. 4. The dependence of transfer coefficients from length of control electrode.
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Fig. 5. Model of multimode interference divider with an electrode of 6 pum in length.

Fig. 6 shows a model of multimode interference divider with an electrode of 36 pm in
length.
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Fig. 6 . Model of multimode interference divider with an electrode of 36 um in length.

Fig. 7 shows the dependence of transmission coefficient T on the second and the third
ports from electrode length 1.
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Fig. 7 . The dependence of transmission coefficient T on the second and the third ports from electrode
length 1: 1) — T2; 2) — T3.

Figure shows that increase of electrode length results in increase of difference in
transmission coefficients of light wave in MMI divider.

To confirm the possibility of adjustment of optic dividers, experiments aimed for
obtaining models of dividers were conducted. The inclination and roughness of ridge walls
are important for ridge waveguide manufacture. Fig. 8§ shows a photomicrography of
waveguide on an InP substrate manufactured by the best etching mode [5].
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Fig. 8. Photomicrography of waveguide cross-section of etched InP/InGaAs heterostructure.

This mode allowed etching without using additional heating of the substrate. Photo-
micrography of Y- and MMI dividers on InP semiconductor substrate is presented in Fig. 9

Fig. 9 . Photomicrography of optic dividers on InP semiconductor substrate.

The obtained structures made possible to conduct research and prove experimentally the
results of experiments of dividers electrical adjustment.

3 Conclusion

We investigated optic Y- and MMI dividers in this work. The research results showed that
to increase the modulator reliability it is necessary to increase the accuracy of sizes of
manufactured elements. Various methods have been proposed and investigated. Using the
correction of the lithographic process will allow achieving an error of £ 0.1 um. Using a
control electrode will allow to adjust the division coefficient to 20%, which minimizes
lithographic errors during fabrication.

The study was conducted with financial support of the Ministry of Education and Science of the
Russian Federation (agreement on the provision of subsidies No. 14.577.21.0281 of 10.23.2017,
unique project identifier RFMEFI57717X0281).
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