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Fig. 1. (a) Schematic of the mode converter; (b), (¢) part enlarged view and SEM image of the BSWG.
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Fig. 2. Flow chart of the optimization process.
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Table 1.  Optimized design parameters for the mode converter.

A E Winar/pm Wo/um Wiy/um Wp/pm Ly /um Lyy/um L./pm Az
TE,-TE, 2.10 0.9 0.229 0 3.00 3.2 3.19 0.16
TE(-TE, 2.67 1.4 0.350 0.373 3.21 4.0 4.06 0.14
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Fig. 3. (a) Transmission spectra for the TE,-TE; mode converter; (b) transmission spectra for the TE-TE, mode converter.
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Fig. 4. (a) Microscope image of the reference straight waveguide with TE-type grating couplers; (b) SEM image of TE-type grating

coupler; (c) transmission spectra of TE-type grating couplers under different fiber angles.
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(b) Reference set
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#%1% SEM &

Fig. 5. (a), (¢) Microscope images of the measure schemes for TE-TE; mode converter; (b), (d) microscope images of the measure
schemes for TE-TE, mode converter and SEM images of TE;-TE; multiplexer.
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Table 2. Detail parameters for the mode (de) mul-
tiplexer.
W) AR BABT R AR
EHR B /um & /um /nm /um
TE1 0.835 0.4 200 15.5
TE2 1.29 0.406 200 21.3
TE3 1.63 0.38 200 18

200 nm

200 nm
H

K 6

(b)

Ph TE,-TE, #5285 A .

D) XFSEARUL, Y TE B -TE, i
ABF, BIEZINAS O-TE, 4 H W{EA Ly, B2 HA
TR A 2RI EN N Ly/2; 24 TE, # I-TE,
fy ABE, BOAS O-TE, %% 0 AIE R L, IB4 5%
A~ TE; DeMUX F1ELA AR A #4514 4 45 2 A RD
H Ly /2; 24 TE BRI I-TE, iy AR, %% 15
O-TE, ¥ I I A Ly, I 4 84 TE, DeMUX
FEAASOHHE G 25 AR Z ALY Ly/2.

2) XTI, 4 TE, &0\ -TE i A
iF, B IAS O-TE, ¥ I EE N Ly, FF A TE-
TE, S8 RN Ly, = Ly~ L1/2 — Ly/2,
HAG S AN 5(c) B ITR. 1 53 5 s H
O-TE, A1 O-TE, Wil H3 P 1, R IARX
P BB 5308 Ly F1 Ly, FRlE) TE-TE, $
XA B3N Lopg = Ly— Ly Ml Lepy =
Ls— Ly/2 — Ly/2.

Tl 1E15 2/ TE-TE, B % # 2% LL ) TE,-
TE, #5535 e 2% 19 SEM & K H il K i)t % &
mE 6 frs. B 7 A Se s sE pg . b Th o
10 dBm A9 7] I8 i ¥ St (tunable laser source,
Santec, TSL-710) My A 55 A, 315Gk
il %% (polarization controller, PC) X} A B #t
B RIRS AT UL TE MRS H A F . a4
AL s, i HYE T %31 (power meter, Santec,
MPM-210) ] 247 Hi s 1RG4 H . LTzl
TRBE R, O, RYATAS 2 85 1Y 3%
T i

I

- 200 nm
200 nm
H =

TE,-TE, U 8% (a) Al TE-TE, B0 8% (b) 19 SEM & K Hoil K i D% 1K

Fig. 6. SEM images and corresponding pseudocolor SEM images of TETE; mode converter (a) and TE-TE, mode converter (b).
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Fig. 7. Experimental setup for measuring the insertion loss

and crosstalk of mode converter.
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Fig. 8. Measured transmission spectra: (a) TE;FTE; mode

converter; (b) TE,-TE, mode converter.
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Abstract

Facing the increasing capacity requirements of on-chip optical interconnects, mode division multiplexing
technology (MDM), which fully uses the different spatial eigenmodes at the same wavelength as independent
channels to transmit optical signals, has attracted tremendous interest. Mode-order converter that can convert
the fundamental mode into high-order mode is a key component in MDM system. However, it is still very
challenging to achieve compact mode-order converters with high performances. Subwavelength grating (SWG)
can be equivalent to homogenous material, which has the prominent advantages such as controlling over
birefringence, dispersion and anisotropy, thus making photonic devices possess high performance. Wheras the
conventional SWG only needs single-etch step, but the implementation of SWG structure usually requires a
fabrication resolution on the order of 100 nm and below, which is difficult for current wafer-scale fabrication
technology. The anisotropic response of SWG can be further engineered by introducing bricked topology
structure, providing an additional degree of freedom in the design. Meanwhile, the requirement for fabrication
resolution can also be reduced (> 100 nm). In this work, we experimentally demonstrate compact TE,-TE;
mode-order converter and TE;TE, mode-order converter by using a bricked subwavelength grating (BSWG)
based on a silicon-on-insulator (SOI) with the BSWG having a minimum feature size of 145 nm. In the
proposed mode-order converter, a quasi-TE, mode is generated in the BSWG region, which can be regarded as
an effective bridge between the two TE modes to be converted. Flexible mode conversion can be realized by
only choosing appropriate structural parameters for specific mode transitions between input/output modes and
the quasi-TE; mode. By combining three-dimensional (3D) finite difference time domain (FDTD) and particle
swarm optimization (PSO) method, TE,-TE; mode-order converter and TE,-TE, mode-order converter are
optimally designed. They can convert TE; mode into TE; and TE, mode with conversion length of 9.39 pm and
11.27 pm, respectively. The simulation results show that the insertion loss of < 1 dB and crosstalk of < —15 dB
are achieved for both TE,-TE; mode-order converter and TEjyTE, mode-order converter, their corresponding
working bandwidths being 128 nm (1511-1639 nm) and 126 nm (1527-1653 nm), respectively. The measurement
results indicate that insertion loss and crosstalk are, respectively, less than 2.5 dB and —10 dB in a bandwidth of

68 nm (1512-1580 nm, limited by the laser tuning range and grating coupler).
Keywords: subwavelength grating, mode-order converter, silicon-on-insulator, anisotropy
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