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Fig. 1. Schematic of the proposed silicon hybrid plasmonic
nanofocusing device: (a) 3D perspective view; (b) side view;

(c) top view; (d) cross-sectional view at the center.
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Fig. 2. Optical field distribution of the silicon hybrid plas-
monic nanofocusing device (¢ = 30 nm, Wg; = 450 nm, h,, =
30 nm): (a) Overall top view; (b)—(e) cross-sectional view
corresponding to z; = 0 pm, 2, =—-0.8 pm, 23 =-1.4 um, x, =

—2 pm.
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Fig. 3. Simulated field enhancement factor of the silicon hy-
brid plasmonic nanofocusing device with different gap
width.
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Fig. 4. (a) SEM image (false-colour) and (b) optical micro-
scope image of the fabricated silicon hybrid plasmonic nano-
focusing device (Wg = 120 nm, ¢ = 30 nm, h,, = 30 nm).

B 2R R 30 nm. A Tl P )R X A A1k
WRBEESERZ -2 MM T2 %M. &5,
FERA AU LT 2 pm B SR RRECR 2.

Pl 4 J2& TR R G A SR & R
8§ B RO A AR RO R RT Hh E]
REEX AT T W (SEM) K. AT LI
H TS5 A8 AR RO R T RO R T
OIFERAL IR, TR E] B i AN S RO X AT
AE T BCIEBR N T i A R i PR RE -5 I AR BLIE B0
M Z M AF AR ROR 22 0. O 1 ] RE sk 53X 4~ 7]
B, XTSI EEERS T 5—10 ARFRY
FEA, IFREAT 22 YOI B A5 B8 2 B 45 1F P REZS
AR AAZSHME.

4 EIEERFAA

SEEIN A B RE R G R A B RO 7R ik
PFRFERE LR NIE 5(a) /R, 7E 15101580 nm
MU B, Th A RE DY 90 Wy = 40 nm 8%
PERIBFEER = T Wy, = 120 nm A ¢F. FE T4
FEH L AN P DX ] I PR AFE B K A28 A Tt

20
(@) — W = 120 nm
— Wsi =40 nm

g 15 N
o
~
wn
w0
]
o 10F
2
B
@
S st

0 . . .

1510 1530 1550 1570

Wavelength/nm
60
(b)
-8 Wg; =120 nm

50 F -~ Wg; =40 nm
m
e
~
%
S
=]
2
=
2
5

010 QIO 3I0 4I0 5I0
Gap with g/nm

5 (a) SEE0N T 00 Rk AR G 3R S BOCOL Y A LAy

PR FIRETE L5 (b) ASIRI (B B T8 g X 17 1y 46

Fig. 5. (a) Experiment insertion loss spectra of the fabric-

ated silicon hybrid plasmonic nanofocusing device; (b) gap
width g dependence of insertion loss.
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Fig. 6. Field enhancement factor of the fabricated silicon

hybrid plasmonic nanofocusing device with different gap
width.
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Abstract

Silicon-based optoelectronics, using the mature silicon-based microelectronic complementary metal oxide
semiconductor (CMOS) manufacturing process, is a large-scale optoelectronic integration platform that has
attracted much attention. Surface plasmonic devices have also received extensive attention in the past decades,
and especially the silicon-based surface plasmonic nanofocusing devices have become a research hotspot. Typical
nanofocusing structures include chirped surface gratings, plasmonic Fresnel zone plate, nano-slit array, tapered
metal tips. However, there occur some inevitable problems in these devices, such as the fine structure being too
complex to be fabricated and too large transmission loss of metal slot waveguide. In this work, an ultra-compact
hybrid surface plasmon nanofocusing device is designed and fabricated by the silicon-based optoelectronic
technology, and the nanofocusing performance of the device is also experimentally verified. The hybrid surface
plasmon nanofocusing devices are fabricated on a silicon-on-insulator (SOI) wafer by electron beam lithography
(EBL) system. The silicon wire waveguides, tapers and the thin silicon strips in the middle of nanofocusing
regions are patterned in only one step EBL. The gold layer is formed by a deposition and lift-off process, and
then a partially etching process is introduced to make the thickness of the middle thin silicon strips the same as
that of the gold layer. With a 1.23-pm-long tapered structure, our nanofocusing devices focus the light field of a
silicon strip waveguide into a hybrid surface plasmon waveguide, making non-resonant optical field increase 20
times in the 1550 nm near-infrared band experimentally. The entire insertion loss is about 4.6 dB, and the mode
area of the nanofocusing area is about (A/n)?/640 which is over 300 times smaller than that of the input silicon
waveguide. When the middle slot silicon waveguide width Wg; = 120 nm, the insertion loss reaches a minimum
value of 2.8 dB. In our design, we adopt the design of silicon-based hybrid plasmonic waveguides. In this design,
a layer of material with low refractive index is inserted between the metal layer and the silicon layer to act as a
“container” of light field, which makes this silicon-based hybrid plasmonic waveguides have less loss than the
traditional metal plasmonic waveguides, and can still maintain high optical field localization. Such silicon-based
hybrid surface plasmon nanofocusing devices with simple structures and excellent performances are promising
alternatives for future applications in optical field manipulation, optical sensing, nonlinear optical devices, and
optical phase-change storage.

Keywords: silicon-based optoelectronics, silicon hybrid plasmonics, on-chip nanofocusing, large-scale

optoelectronic integration
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