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Fig. 1. Schematic diagram of a wideband 90° optical mixer:

(a) Three-dimensional diagram; (b) top view.

214 B H8 A L AR TR it A it o R s AR S ek
2D FDTD X} 5&f 90°CIR A #% i 45140 S H kA 1L
k. T B S AR /NS T B0 4 i S [
A S R, T e A D 2 5 | A A A i it
FE, MMM SEHE 90 G #3 1Y TAEMERE. ] 2(a)
PR G RCR I 1 B AIRR g, 10 OZRARTE
Bl 2 gy 1 7E 0.7—1.7 pm S FI A, FE-ERCRRE
A Gop w FIIEINZHT FIEIG T 22, HaB Wi
T 0. Y g, 1 /NT 1.2 pm B, i TFRZHDGRER
A HHEAE IS P 1 o e, DT 7 A db 2 1 28 S
AR Y gop o KT 1.2 pm I, PIAHERE S
H ¥R A i, Y g, w R
1.3 pm B, ANCAT LA S8 o) R G 3 ) Aot
KEIAMESMIFE, T 45 /NEAR AR RS

FESEA 90VGIRAN R I BETTHh, HETE I Y K
JESHOG AR A duE s, [ 2(b) AT
PAFERH Loy, ZEAEIEOL. MK T Loyn<10 pm

I, T AR A IR A i 25, DT ™
A TR SIS, YHEIEKE Loy, > 10 pm
I, i Q0 GIRM A I HARERE Loy, 1, 19002 BE
RS MR AR e 3. S T RefS PRI P RE Y
() I S BRES A B e, R I K Ly BE N
10 pm.

jﬁﬁﬁﬁ%g*ﬁﬁgﬁfg LMMI B‘J?Eﬂﬁﬁﬂl?é—] 2(0)
FiR, 24 Lyng = 137—146 pm B, 584 90°GIR A
ar AR R IS T a4 Ly =
142 pm B, i FE 8 B e /ME. Bk, Ly oK H
142 pm.

FHTF LiINbO; F- 15 987 90°IEIR M5 4 58 4
K3 7. 1 Bk bR S5 S 40k U I 1,
K H] TEO i3 I S it AT LO 3 11 5 i
AT, BE 3 AT USRS 4 B OGEETE 4 65 B
B S AL R i

2.2 EEEEXSERET

LR SR B AR B S5 R s R A 1 BT
7. FE MMI ZEET KIS R T 4 905 Woarge
9 2.55 pm [BE dyypee A 1 pm A TRRY B AR B
G, R T SE AR Ay B T BE, AR SCGE R X AR
e ROt o i S, DA T S SRR P A 3. T
LB RGO IVE T, U S A R S 3 2
Bifi 5 T BE R AR AR T AR Ak, DRI, 3 I MR R AR
e T A 1 EL S, 5 408 1R 2 A DX IR T B R
17 17, NI SZE TEO, TE1, TE2 #1 TE3 DU,
PR T

HRIRHR AT S A8 An SAMINEE VYL
ENIIE T

, (1)

0.30 0
(a) (b)

—0.1F

=3

: :

W < L <

= g 02 %
—0.3}

L T N L —04 L L L —4.0 L L L L
0.7 0.9 1.1 1.3 1.5 1.7 0 5 10 15 20 137 139 141 143 145

Hithig S /nm

Bl2 PR SEAELILE  (a)
FEBEZ LR A TE Ly AL

o - P S4B /pm

LR /nm

B RO Bl A T DB g, 1 FOZEARS (D) SRR RE S D 30 AT Loy, HIZRAK (c) 45

Fig. 2. Performance curves with structural parameters: (a) Curve of coupling efficiency with output waveguide g,, 1,; (b) variation

of loss with output waveguide length Lg.1,; (¢) variation of loss with multimode waveguide length Lyp.
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Fig. 3. Single-beam optical input light intensity diagram of a wideband 90° optical mixer based on the LiNbO; platform: (a) Single

beam signal light input; (b) single-beam local oscillator optical input.
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Fig. 4. Transmission light field diagram of each mode: (a) Outputs TEO mode; (b) outputs TE1 mode; (¢) output TE2 mode;
(d) output TE3 mode.
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Fig. 6. Variation curves of performance index of each mode with voltage: (a) Mode separator loss; (b) mode separator crosstalk.
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based on LiNbOj platform.
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Table 1.  Comparison of 90° optical mixers.
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Fig. 8. Variation of performance index with wavelength: (a) Variation curves of loss of 90° optical mixer with wavelength; (b) vari-

ation curves of common mode rejection ratio of 90° optical mixer with wavelength; (c) variation curves of phase deviation between

different output ports with wavelength.
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Fig. 9. Performance index of mode separator: (a) Mode sep-

(a) BT B EHAAE; (b)

arator loss; (b) mode separator crosstalk.
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Table 2. Comparison of pattern separators.
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Fig. 10. Performance analysis of common mode rejection ra-
tio under width tolerance: (a) The tolerance range of MMI
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Fig. 12. Performance analysis of phase deviation under width tolerance: (a) The MMI width is 13 pm; (b) the MMI width is 13.1 pm;

(c) the MMI width is 13.3 pm; (d) the MMI width is 13.4 pm.
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Fig. 13. Performance analysis of common mode rejection ratio under length tolerance: (a) The tolerance range of MMI length is

+2 pm; (b) the tolerance range of MMI length is +4 pm.
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Fig. 14. Performance analysis of phase deviation under length tolerance: (a) The MMI length is 138 pm; (b) the MMI length is
140 pm; (c) the MMI length is 144 pm; (d) the MMI length is 148 pm.
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Fig. 15. Analysis of loss performance under length tolerance.
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Fig. 16. Analysis of loss performance under width tolerance: (a) The MMI width is 13 pm; (b) the MMI width is 13.1 pm; (c) the

MMI width is 13.3 pm; (d) the MMI width is 13.4 pm.
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Fig. 17. Analysis of crosstalk performance under width tolerance: (a) The MMI width is 13 pm; (b) the MMI width is 13.1 pm;
(c) the MMI width is 13.3 pm; (d) the MMI width is 13.4 pm.
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Fig. 18. Analysis of loss performance under length tolerance: (a) The MMI length is 138 pm; (b) the MMI length is 140 pm; (c) the
MMI length is 144 pm; (d) the MMI length is 148 pm.
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Fig. 19. Analysis of crosstalk performance under length tolerance: (a) The MMI length is 138 pm; (b) the MMI length is 140 pm;

(c) the MMI length is 144 pm; (d) the MMI length is 148 pm.
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Abstract

90°optical mixer, as an essential part of coherent optical communication and heterodyne detection,

improves polarization discrimination and anti-interference capabilities, increases receiver sensitivity, and permits

demodulation of higher-order modulation forms. The disadvantages of traditional 90° optical mixers, however,

include their high precision needs, size, mode mismatch restrictions, polarization sensitivity, and single

functionality. Utilizing a lithium niobate platform, a multimode interference (MMI) structure, and a micro-

thermoelectric electrode array, and with the help of the finite difference time domain (FDTD) method, a

multipurpose device that combines 90° optical mixing and mode separation capabilities is designed in this work.

According to the results, when no voltage is applied across the micro-thermoelectric electrodes, the

multipurpose device acts as a 90° optical mixer. The common-mode rejection ratios of all four outputs are all

above —-30 dB, phase errors are below 4°, and the losses in the wavelength range of 1520-1580 nm exceed
—-13.862 dB. When a voltage is applied across the micro-thermoelectric electrodes, TEO, TE1, TE2, and TE3
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modes are separated by the multipurpose device acting as a mode splitter. In addition to controlling crosstalk
fluctuation within 8.8 dB, the minimum loss divergence between modes is less than 0.024 dB. Research findings
indicate that the physical characteristics of optical field interference within the MMI structure enable perfect
phase matching and energy distribution across a wide spectrum range, even when no voltage is supplied across
the micro-thermoelectric electrode terminals. By controlling the interference superposition process inside the
multi-mode region and improving broadband 90° optical mixing parameters, the stable phase-matching
conditions are maintained across the wide spectrum. The lithium niobate-based linear electro-optic effect
(Pockels effect) modifies the waveguide refractive index distribution through an external electric field when a
voltage is applied across the micro-thermoelectrodes. By changing the light field’s coupling path and
propagation mode inside the MMI structure, the mode-separating integrator can precisely achieve mode
separation, thereby confirming the efficiency of the electro-optic effect in optical functional control, which meets
the isolation requirements for various mode optical signals. Furthermore, a systematical tolerance analysis of the
device’s width and length is carried out, demonstrating how structural dimensional deviations affect the mode
coupling efficiency and optical field interference circumstances. The integrated broadband 90° optical mixer and

mode splitter device described in this paper has excellent process tolerance properties.
Keywords: multimodal interference, 90° optical mixer, mode splitter, planar optical waveguide
PACS: 42.25.—p, 42.79.—e, 07.60.—j, 78.67.Pt DOI: 10.7498/aps.74.20250725
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