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Abstract

As a novel integrated electro-optic material, barium titanate (BaTiOs) has become one of the core
materials for high-performance optical modulators due to its excellent high electro-optic coefficient
(Pockels effect) and wide bandwidth characteristics. This paper focuses on the theoretical study of
the polarization state behavior of BaTiOs crystal thin-film waveguides under electro-optic modula-
tion. A correlation model between the waveguide structure and voltage-phase change is established,
and the modulation effect of the waveguide structure on the crystal birefringence is analyzed. Through
MATLAB simulation, the evolution law of the phase shift with the driving voltage under different elec-
trode gaps, as well as the dependence of the half-wave voltage on the electrode length and electrode
gap, are obtained. Furthermore, the three-dimensional evolution trajectory of the optical field po-
larization state with the driving voltage under the specific structural parameters (electrode length
1 mm, electrode gap 8 um) is investigated, and the coupling mechanism between the phase change
and the polarization state evolution is clarified. The research results reveal the regulation law of
the polarization state in BaTiOs crystal thin-film waveguides under electro-optic modulation, provid-
ing a theoretical basis and structural optimization ideas for the design of ultra-compact, low-power
BaTiOs-based polarization modulators.
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Figure 1. Schematic diagram of ridge waveguide-electrode structure on BaTiOs crystal thin film
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Figure 2. Elliptical polarization distribution of optical wave electric field vector induced by birefringence modulation in Ba
TiOs crystal thin film waveguide
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Figure 3. Relationship between phase shift and driving voltage at different electrode gaps
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Figure 4. Dependence of half-wave voltage on electrode length at different electrode gaps. (a) Corresponding dependence

when the electrode gap is 6 um; (b) Corresponding dependence when the electrode gap is 8 pm
& 4. TRIEEREFRE 4K B ERERKENKE X R, () BREERA 6 um B ERHEIR
um B B2 B9ARR K F

%; (b) ERERA 8

s Bk oA, M 7 AAKEEDY 1 mm, AARIAIEDY 8 pm I A BRER TR I T R, KB L
MO FAREZE 4.96 VIR, 3RS T WIE 5 FRi6 E (x, ) SRIBEARARES 1) = 4B 0 . I a] DL

W 2, BEAE KN I, (R IR AR PSR Bk S I A I R IR e e

MAT T e 2 22

BRI RAS . HERIRARAS, Ay e Ras, X i R G RANE 51 A XU o 3 A P S 350

05 D\
D MR
w0 2 IR
\ ) O\
F
0.5
0
g 0 Va¥)

Figure S. Electric-field amplitude and polarization state evolution trajectory
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Figure 6. 3D surface plot of polarization state evolution in barium titanate (BaTiOs3) thin-film waveguides
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