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Introduction:

➢ The lithium niobate on insulator has high refractive index difference , 

smaller bending radius and waveguide section can be utilized. The 

electrode spacing can be reduced accordingly, so the device size 

becomes smaller significantly. Lower modulation voltage and higher 

modulation bandwidth can be realized .In this paper, the simulation 

and optimization design is performed for the lithium niobate on 

insulator (LNOI) based cascaded phase-intensity modulator through 

COMSOL Multiphysics software and OptiBPM software. Firstly, a 

coplanar waveguide electrode model is established and optimized by 

using COMSOL Multiphysics software.

The simulation design of  coplanar waveguide 

electrode structure :
➢ The simulation design is processed by COMSOL software. 

The structural parameters include the electrode width w, the 

electrode spacing g, and the electrode thickness t. The 

electrode adopts a coplanar waveguide electrode structure, 

as shown in Fig.1. 

Fig. 1 Schematic diagram of coplaner waveguide electrode 

structure

➢ Electric-optical overlap integration, microwave refractive index 

and characteristic impedance are important indexes of optical 

modulator performance, we has explored the effect of the 

electrode parameters on these three performance indicators

separately. As shown in Fig. 2.

Fig. 2 The influence of electrode parameters on electrode 

performance; (a) dependence of electrical-optical overlap 

integration on electrode separation. (b) dependence of 

microwave refractive index on electrode width and electrode gap. 

(c) dependence of impedance characteristic on electrode width 

and electrode gap 

➢ The electrode width, spacing and thickness are set to 7.2 μm,   

3.5 μm, and 1.2 μm. Under this situation, the electric-optical 

overlap integral is 0.615, the microwave equivalent refractive 

index is 2.184, and the characteristic impedance is 49 Ω.

Simulation and analysis of the modulator:
➢ We performed a parametric scan of the voltage to obtain the half-

wave voltage of the phase modulator and the half-wave voltage is 

13.6V. The electrode of  intensity modulator adopts the push-pull 

structure, when the electrode lengths were 500mm and 1000mm 

seperarely, the half-wave voltage length product of the modulator 

was 7.05 V·cm and 8.2 V·cm, respectively.

➢ The phase-intensity modulator structure established by using 

OptiBPM, as shown in Fig. 3.

Fig. 3 Simulation model of intensity phase cascade modulator (a) 3D 

view; (b) XZ view (c) XY view; (d) ZY view

➢ Phase-intensity modulator has three different working modes, 

including intensity modulation mode, phase modulation mode, and 

phase-intensity modulation mode.  Fig. 4(a) shows the output light 

field distribution of the modulator. Fig. 4(b) shows the output port 

intensity and phase distribution of the integrated modulator when 

operating at intensity modulation mode (V1=5V, V2=0V). Then, the 

light field distribution of the integrated modulator output port in the 

phase modulator mode (V1=0V, V2=13V) is simulated, and the 

result is shown in Fig. 4 (c). It can be seen that the modulator can 

simultaneously achieve intensity and phase modulation of 

lightwave.

Fig. 4 The intensity and phase distribution of the modulator output with 

different voltages (a) V1=0V, V2=0V; (b) V1=5V, V2=0V; (c) V1=0V, 

V2=13V (d) V1=5V , V2=13V

Summary/Conclusion

➢ A cascade modulator based on the lithium niobate thin-film structure 

is designed to achieve both the phase and intensity modulation. 

➢ The electrode characteristic impedance is 49 Ω, the microwave 

equivalent refractive index is 2.184, and the electro-optical overlap 

integration is 0.605. 

➢ The phase-intensity cascade modulator is simulated to test the light 

field output in the three working states, respectively. The results 

show that it can not only phase and intensity modulator light waves 

separately, but also the phase and intensity of the light waves 

simultaneously.


