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Fig. 1. Schematic of metal-photorefractive material com-

plex holography: (a) Writing process; (b) reading process.
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Fig. 2. Designing the photorefractive holograms: (a) Focus-
ing SPP at one point O(8 pm,0); (b) focusing SPP at two
points O1(8 pum, —2 um) and O32(8 pm, 2 pm).

A SO R I PR 2243 (finite difference time
domain, FDTD) A 4014 B & 1Y FR 0 7 . FEAS
U BB X8 73 Ar = Ay = 10 nm [ 5LIT
BT PR Ao = 1.064 pm L AL 4 pm Y 5
WrGACN B FR s [l SR 2 4 8 2R TH O,
K SPP AT —y J7 4. I SPP Rl
WU AR, JLTAFF SPP FHEDGH, Hitkhe
fi 3 vt o A B O ) A R SR A R I SPP A
SRR A DG RE X S8, 8 a4 PR AR RIS R U, A
BT .

067101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 067101

1.0
g
E
= 0.8
0.6
0.4
0.2
g g
= 3,
< <
> B
20k (e) :'_ '= 1 h=2.6num 87 (f) _: —-_ =+ h=2.6 pm
e FAAY h=3.1 pm 3 % h=3.1m
~ -
= i1 v i h=3.3 um » 12} i - ‘i R =3.3 pm
} \ g 1 \
E ot :'[ ~ % = = h=3.5pm .% :I AN = =h=23.5um
£ jr1 ‘% £ ol /%
& 7, = @ A
i, AN 5 7 "\
O’l‘é‘ ) {"’:'.1'*"""‘. 0 o . /~'.~-—1—_-.1—_
0.8 1.0 1.2 1.4 1.6 0.8 1.0 1.2 1.4 1.6
Wavelength A/pm Wavelength A/pm
G N V= An=0.02 | Brm 2 - v An=0.02 |
2 <A An=0.04 X St An=0.04
> - = -
N -/ \ 512 - 1
5 R . v An=0.06 g R B v An=0.06
.5 10} N ARl % A 0.08 1 'g < \- A 0.08
R AR - - an=o. gLl N n=0.08 |
m YA -5, m /j -
DAV N3 4 2 NN
> L S —— A7 . L
0. = s PP — 0 - - —
0.8 1.0 1.2 1.4 1.6 0.8 1.0 1.2 1.4 1.6
Wavelength A\/pm Wavelength \/pm
20 T T - T T T
i —+—d =15 um
15k —— d=17ym |
= tm= o d =19 pm
2 i d =21 pm
g 10 d=23m T
E —w— d =25 pm
B d =27 pm
5k 4
0 1 1 1 1 1
0.95 1.00 1.05 1.10 1.15 1.20 1.25

Wavelength A/pm

B3 JePrAE R RHC B i SPP B F] 1A £UR 2 A4S ARl 4 (a) IR H) 1A~ sl B oy F I A6 4340 (b) IL R 2 2 4> s
oy VT Y GER A3 5 (o) IR B 1A B £ 1 yz V- 100 OGR4 A0 5 (d) TE SR 3 2 A s i 4R TET gz V- 17 A9 OG5 434 5 (e) BAORHEE BEXT
LA RACRF G SOR IS ; (£) PRHE BEEXS 2 A GRS BORAYSE N ; () P R X 1A SICRBASERBOR RN (h) 37
SRR PR R BEXT 2 A sOC R A BORAYSE W (1) 28 EREERT 2 4> 5 {E%’éiﬁ &S

Fig. 3. Simulation results of coupling SPP wave to a point and two points by metal-photorefractive material complex holography
structures: (a) Intensity distribution in the zy plane for focusing SPP to a point; (b) intensity distribution in the xy plane for focus-
ing SPP to two points; (c) intensity distribution in the yz plane for focusing SPP to a point; (d) intensity distribution in the yz
plane for focusing SPP to two points; (e) influence of material thickness on coupling efficiency for focusing SPP to a point; (f) influ-
ences of material thickness on coupling efficiency for focusing SPP to two points; (g) influence of refractive modulation on coupling
efficiency for focusing SPP to a point; (h) influence of refractive modulation on coupling efficiency for focusing SPP to two points;
(i) influence of hologram dimension on coupling efficiency for focusing SPP to two points.
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Surface plasmon polaritons’ propagation controlled by metal-
photorefractive material composite holographical structure’
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Abstract

Control of surface plasmon polaritons’ (SPPs’) propagation is of great importance. The groove structure in
metal surface, designed by the surface electromagnetic wave holography (SWH) method, can control the SPPs’
propagation effectively. In the SWH method, all designed groove structures are etched in metal surface. The
fabrication method is confined to the etching method, such as the focused ion beam lithography and electron
beam lithography. And the designed structures cannot implement the real-time control of SPP propagation. We
propose a new method to control SPPs’ propagation through metal-photorefractive material composite
holographical (MPRCH) structures. A photorefractive material film is coated on the metal surface, and the
reference SPP wave interferes with the object SPP wave in the photorefractive material film. The interference
intensity is recorded by the photorefractive material film, forming the MPRCH structure. The MPRCH
structure is used to control the propagation of relatively weak SPP waves. The finite difference time domain
method is used to verify the method. We simulate that a reconstructed SPP wave is incident into the structure
region and interacts with the structure. The incident wave is reflected and scattered by the designed MPRCH
structure. These reflected and scattered wave are propagated and superposed, forming the desired SPP wave on
the metal surface. Simulation results show that the MPRCH structure can control SPPs’ propagation effectively
and realize the functions such as SPP wave aside single-point focusing, two-point focusing, generating zero-order
and first-order Gaussian SPP beams. It is found that the optimal thickness of the MPRCH film is 3.3 um and
modulation amplitude of refractive index is 0.06. This method extends the SPP device fabrication methods, and
gets rid of the etching method. Based on the investigation, the real-time controlling of SPP wave may be
realized through the MPRCH structure. The study provides a new idea for realizing the all-optical control of
SPP propagation, thus making it possible to implement the all-optical control of SPP and further switch.
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design
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