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银纳米线‑三角片耦合结构发射光的偏振依赖特性

李圆圆， 杨龙坤， 李志鹏*

首都师范大学物理系纳米光子与纳米材料北京市重点实验室，北京  100048

摘要  银纳米线可以承载传播的表面等离激元，纳米片可以产生局域的表面等离激元，二者形成的耦合结构不但可

以将传播光场耦合为局域增强光场，还可以调控光场的偏振态等性质，为纳米光调控提供新的自由度。本团队构建

了银纳米线‑三角片耦合结构，并发现耦合结构的发射偏振与纳米线‑三角片的耦合方式有关：当三角片与纳米线之

间是“线”接触耦合时，耦合结构的发射偏振随着激发偏振的旋转而旋转；当二者是“点”接触耦合时，无论激发偏振

如何变化，发射偏振角度几乎保持 160°不变。进一步，利用时域有限差分法验证了出射偏振对入射偏振的依赖特

性。通过计算自由电流密度体积分揭示了纳米线中传播的表面等离激元模式与银纳米线‑三角片耦合模式的转化

机制，以及不同表面等离激元模式的叠加对发射偏振的调控。这些发现为纳米尺度上的光调控以及在纳米尺度上

构建纳米光子器件提供了更多灵活性。
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1　引　　言

20世纪 50年代，表面等离激元（SPPs）引起了众多科

学家的广泛关注［1］。表面等离激元可将光场束缚在金属

纳米结构周围，从而突破光的衍射极限［2］，实现光学器件

的微型化和高度集成化。用光子代替电子作为信息载

体，为构建大带宽、高速度和低耗散的集成纳米光子器

件提供了更具前景的平台［3］。目前，各种基于表面等离激

元的微纳光学元件被开发出来，如波导［4-7］、谐振器［8］、纳

米天线［9-12］、多路复用器［13］和光开关［14］等。一些研究者利

用金属纳米结构的等离子体共振特性实现了在纳米尺

度上对光的操控［15］，其中，对光的偏振态进行调控在集成

芯片、传感器［16-20］和量子通信［21］等领域具有重要意义。

化学合成的金属纳米结构，如银纳米线，具有表面

光滑、产率高、传输损耗低等优势，可以实现纳米尺度

的光场传导，为构建功能化的集成光子回路奠定了基

础。已有研究表明，可以对银纳米线中传播的表面等

离激元的发射进行调控［22］。此外，研究人员在纳米线

和纳米颗粒耦合体系光学性质的调控方面取得了一些

成果，例如：银纳米线附近的纳米颗粒可作为光学天

线，促进光的有效耦合［23］；纳米线与纳米颗粒耦合处的

近场增强和远场发射可以通过改变入射偏振进行调

制［24-28］，从 而 构 建 具 有 偏 振 依 赖 性 的 路 由 器/分 束

器［29-33］、调制器［34-36］和逻辑门［37-39］等器件。因此，通过组

装不同的耦合体系可以为实现纳米光子器件的偏振调

控提供更多自由度。

本文主要研究了银纳米线 -三角片耦合结构的出

射偏振和入射偏振之间的依赖关系。结果显示，三角

片与纳米线之间的耦合方式对偏振依赖性调控起着非

常关键的作用：当三角片与纳米线为“线”接触耦合时，

发射光的偏振随着激发偏振的增大而单调增大；当两

者呈“点”接触时，无论激发偏振如何变化，发射偏振几

乎保持 160°不变。理论上，可以通过纳米线中传播表

面等离激元模式与纳米线-三角片耦合模式的转换、叠

加来理解体系的发射机制。本文研究结果为纳米尺度

上的光偏振操纵提供了新的可能性，并进一步推动了

集成纳米光子器件的发展。

2　实验原理与方法

2. 1　样品的制备

化学合成的银纳米线的长度约为 5~20 μm，平均

直径为 300 nm。银纳米颗粒的大小不同，形状各异，

有立方块、三角片、棒状和球形等。制备步骤如下：

1） 将 700 mg 聚乙烯吡咯烷酮（PVP，相对分子质

量 MW 为 30000）、1000 mg 硝酸银和少量氯化钠依次

放入 10 mL 乙二醇（EG）溶液中，进行连续磁力搅拌，

使之充分溶解；

2） 将混合溶液置于 160 ℃的环境下加热 90 min；
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3） 待混合溶液冷却至室温后，用丙酮和乙醇将制

备的纳米线和纳米颗粒混合物进行离心处理，除去其

中的 EG 和 PVP；

4） 收集沉淀物，并用乙醇分散，以备后续使用；

5） 将混合物的悬浮液滴到铟锡氧化物（ITO）覆

盖的玻璃基底上，在室温条件下自然风干，自组装形成

纳米线-三角片耦合结构。

由于在接下来的实验中需要对不同的耦合体系精

确定位，因此需要进行扫描电子显微镜（SEM）测量。

2. 2　实验系统与原理

为了防止样品在空气中氧化或硫化，用 SEM 表征

后，及时滴上折射率 n=1. 518的显微镜油进行光学测量。

具体的实验装置如图 1所示。波长为 633 nm的He-Ne激
光通过100×油镜（Olympus UPlanFLN，数值孔径NA=
1. 3）聚焦在银纳米线的一端，激光偏振可以通过旋转半

波片来改变。从纳米线-三角片耦合处发出的光用同一物

镜收集，进而被安装在倒置光学显微镜（OLYMPUS 
IX71S1F-3）上的电荷耦合器件（CCD）探测。为了得

到出射光的偏振，在 CCD 前添加了一块偏振片。

3　分析与讨论

3. 1　实验结果

如图 2（a）中的 SEM 图所示，长为 12. 4 μm、直径

为 389 nm 的银纳米线与边长为 556 nm 的三角片耦

合，插图是银纳米线和三角片耦合处的局部放大图。

通过物镜将激光聚焦到纳米线端头，激发纳米线中传

图 2　银纳米线-三角片耦合结构的发射偏振特性。（a）耦合结构的 SEM 图，上方插图是三角片与纳米线耦合处的局部放大图（标尺

为 500 nm），下图是 633 nm 激光激发纳米线时的光学成像图（红色箭头表示激光的偏振）；（b）入射偏振角度 α为 0°、30°、60°、
90°、120°和 150°时，发射强度随偏振片旋转角度 θ的变化（黑色曲线是拟合结果，入射偏振和偏振片相对纳米线轴逆时针旋

转）；（c）发射偏振角度 θmax 与激发偏振角度 α之间的关系

Fig.  2　Emission polarization at silver nanowire-triangular plate coupled structure.  (a) SEM images of nanowire-triangular plate coupled 
structure, where the upper inset is a partially magnified view of coupled junction between triangular plate and nanowire (scale 
bar is 500 nm) and the corresponding optical image of the nanowire under excitation of a 633 nm laser spot is shown in the 
bottom (the red arrow indicates the polarization of the laser); (b) emission intensity as a function of polarizer rotation angle θ at 
incident polarization degree α=0° , 30° , 60° , 90° , 120° and 150° , respectively (black curves are fitting results, the incident 
polarization and polarizer rotate anticlockwise relative to nanowire axis); (c) correlation between emission polarization angle θmax 

and excitation polarization angle α

图 1　实验装置示意图

Fig.  1　Scheme of experimental setup
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播的表面等离激元，表面等离激元最终在三角片和纳

米线末端通过散射以光子的形式辐射到自由空间。在

图 2（a）所示的光学成像中，耦合处（虚线框）和纳米线

末端（虚线圈）的亮点即为表面等离激元出射的光斑。

已有工作发现表面等离激元传播到纳米线末端后会以

一定的角度重新发射到自由空间，且偏振特性与端头

形貌有关［22，40］。然而，纳米线与三角片耦合处的发射

与纳米线端头的散射不同，其光斑更明显［如图 2（a）
中的虚线框所示］，表明此处的等离激元与光子间的转

换效率更高［23-24］。因此，本文进一步探究了纳米线与

三角片耦合处的发射偏振及其与激发偏振的依赖关

系。测量了纳米线与三角片耦合处发射光的强度随偏

振片旋转角度 θ的变化，结果如图 2（b）所示。当激发

偏振平行于纳米线时，发射光的偏振也平行于纳米线。

在此，本文将发射偏振角度定义为最大发射强度对应

的偏振片旋转角度 θmax。由于杂散光仅会影响耦合处

发射光强度最小值的测量，所以杂散光对发射偏振测

量的影响较小。如图 2（c）所示，随着入射（激发）偏振

角度 α增大，发射偏振角度 θmax 增大。

另外，对其他纳米线-三角片耦合体系也进行了测

量。如图 3（a）所示，三角片与长为 6. 7 μm、直径为

253 nm 的纳米线为“点”接触耦合。激光激发纳米线

端头后，耦合处同样出现了明亮的发射光斑。通过旋

转半波片和偏振片测量了不同激发偏振下耦合处发射

光强度随偏振片旋转角度的变化，测量结果如图 3（b）
所示。可以发现，发射光的偏振与激发偏振无关，几乎

保持 160°不变，如图 3（c）所示。虽然图 2 和图 3 中展示

的耦合系统均是由纳米线与三角片组成的，但它们的

发射偏振特性却完全不同，这些特性为构建功能化等

离激元器件提供了更多自由度。

3. 2　理论模拟

为了理解纳米线-三角片耦合体系的不同发射特性，

利用时域有限差分（FDTD）法进行了模拟。图 4（a）是纳

米线与三角片耦合示意图。用高斯光束（λ=633 nm）激

发纳米线一端，得到三角片与纳米线耦合的局域近场分

布，然后将其投影到半径为 1 m的远场球面上，对收集范

围内的辐射场进行积分（收集角度为 60°），计算发射场偏

振。通过改变三角片与纳米线的耦合方式，研究了体系

的发射偏振与激发偏振之间的依赖关系。如图 4（b）所

示，当三角片与纳米线是“线”接触耦合时，表面等离激元

会在间隙中传播，形成法布里-珀罗共振腔。此时，发射

偏振角度 θmax 随着激发偏振角度 α的增大而增大，这与

图 2所示的实验结果相对应。然而，当两者为“点”接触

耦合时，电场主要分布在三角片上，如图 4（c）所示。可以

图 3　其他银纳米线 -三角片耦合结构的发射偏振测量。（a）耦合体系的 SEM 图，上方插图是三角片与纳米线耦合处的局部放大图

（标尺为 500 nm），下图是激光激发纳米线左端后的光学图像；（b）耦合处的发射强度随偏振片旋转角度 θ的变化；（c）发射偏振

角度 θmax 和激发偏振角度 α之间的关系

Fig.  3　Emission polarization measurement of another nanowire-triangular plate coupled structure.  (a) SEM images of coupled 
structure, where the upper inset is an enlarged image of coupled junction between triangular plate and nanowire (the scale 
bar is 500 nm) and the corresponding optical image of the left end of nanowire under laser excitation is shown in the bottom; 
(b) emission intensity at the junction as a function of polarizer rotation angle θ; (c) correlation between emission polarization 

angle θmax and excitation polarization angle α
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发现，无论激发偏振角度如何变化，发射偏振角度几乎

保持 160°不变（θmax≈160°），与图 3所示数据一致。这些

结果表明三角片与纳米线耦合体系的发射偏振依赖性

与两者的耦合方式密切相关。

3. 3　模型讨论

以上的实验和模拟结果均说明不同纳米线-三角片

耦合结构的发射偏振依赖性各不相同。为了进一步理

解调节机制，本文对耦合处激发的等离激元模式进行了

分析。对于单根纳米线来说，平行的入射偏振可激发

m=0和m=−1两种基本的表面等离激元模式；而偏振

垂直于纳米线时，m=1和m=2两种模式就会被激发［41］。

但在纳米线-三角片耦合体系中，只有m=0和m=1两个

模式能与三角片有效耦合，从而产生纳米线-三角片耦合

模式。因此，三角片与纳米线耦合处的等离激元模式主

要包括杂化的纳米线模式（m=0 和m=1）以及纳米线-

三角片耦合模式P，如图 5（a）所示。根据天线辐射理论，

自由电流密度为 J的天线发射场［42］可以表示为

E= exp( ikR )
4πε0 c2R

( p̈× eR )× eR， （1）

式中：p̈=
d é
ë
êêêê ù

û
úú∫V

J ( x′) dV ′

dt 是电荷系统电偶极矩 p的二

阶导数，其中 x′是电荷分布的坐标，V是电荷分布区域的

体积；k为波矢；R为远场球面半径；ε0 是真空介电常数；c
为真空中光的传播速度；eR 是径向的单位矢量。图 5（b）
展示了纳米线和三角片“点”接触耦合时的局域电场分

布。计算蓝色和红色区域内自由电流密度 J的体积分，

利用式（1）分别得到三角片和纳米线两部分的发射光偏

振。图 5（c）显示了平行（左图）和垂直（右图）偏振激发

下三角片（纳米线 -三角片耦合模式 P）的发射偏振，可

以发现：无论是在平行偏振激发下还是在垂直偏振激

发下，三角片中等离激元模式的发射偏振均约为 160°。
纳米线的发射偏振如图 5（d）所示。对于平行偏振光激

发的 m=0 模式，其对应的电荷沿着纳米线方向振荡，

导致纳米线产生的发射光的偏振方向与纳米线轴线平

行；对于垂直偏振光激发的 m=1 模式，其发射偏振为

90°［22］。另外，三角片与纳米线呈“线”接触时，纳米线中

的等离激元模式耦合到间隙中传播形成法布里 -珀罗

腔，此时主要是纳米线的等离激元模式占主导。如图 6

图 4　模拟得到的不同纳米线 -三角片耦合体系的发射偏振。（a）耦合结构的示意图，长为 5 μm、直径为 300 nm 的纳米线和边长 l=
686 nm 的三角片均处在介电常数 ε=1. 5 的均匀介电环境中，用高斯光束（λ=633 nm）激发纳米线（d=10 nm，D=3. 3 μm）左

端；（b）纳米线与三角片呈“线”接触耦合的近场分布图（左图）以及相应的远场发射偏振与激发偏振的依赖关系（右图），其中

红色箭头表示平行的入射偏振（α=0°）；（c） 纳米线与三角片呈“点”接触耦合的近场分布图（左图）以及相应的远场发射偏振

与激发偏振的依赖关系（右图）

Fig.  4　Calculated emission polarization of different nanowire-triangular plate coupled structures.  (a) Schematic of coupled structure, 
where the nanowire with length of 5 μm and diameter of 300 nm and triangular plate with side length l=686 nm are located in a 
homogeneous dielectric background with dielectric constant ε=1. 5, and the left end of the nanowire (d=10 nm, D=3. 3 μm) is 
excited by a 633 nm Gaussian beam; (b) near-field distribution of nanowire-triangular plate with “line” coupling type (left figure) and 
corresponding dependence between far-field emission polarization and excitation polarization (right figure), where the red arrow 
indicates the parallel incident polarization (α=0° ); (c) near-field distribution of nanowire-triangular plate with “point” coupling 

type (left figure) and corresponding dependence between far-field emission polarization and excitation polarization (right figure)
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图 6　计算得到的纳米线和三角片的发射偏振。（a）银纳米线-三角片“线”耦合示意图；（b）局域电场分布；（c）平行和垂直激发偏振下

三角片（蓝色）的发射偏振角度分别是 114°和 66°；（d）平行和垂直激发偏振下纳米线（红色）的发射偏振角度分别为-6°和 66°
Fig.  6　Calculated emission polarization of nanowire and triangular plate.  (a) Schematic of Ag nanowire-triangular plate “line” coupling; 

(b) localized electric field distribution; (c) emission polarization angle of triangular plate (blue) is 114° and 66° under parallel and 
perpendicular excitation polarization, respectively; (d) emission polarization angle of nanowire (red) is -6° and 66° under parallel 

and perpendicular excitation polarization, respectively

图 5　计算得到的纳米线（NW）和三角片（NP）的发射偏振。（a）银纳米线与三角片“点”耦合示意图；（b）纳米线与三角片耦合处的局

域电场分布；（c）平行和垂直激发偏振下三角片（蓝色）的发射偏振角度分别是 144°和 156°；（d）平行和垂直激发偏振下纳米线

（红色）的发射偏振角度分别为 0°和 90°
Fig.  5　Calculated emission polarization of nanowire (NW) and triangular plate (NP).  (a) Schematic of Ag nanowire and triangular plate 

“point” coupling; (b) localized electric field distribution of nanowire and triangular plate coupled junction; (c) emission polarization 
angle of triangular plate (blue) is 144° and 156° under the parallel and perpendicular excitation polarization, respectively; (d) 
emission polarization angle of nanowire (red) is 0° and 90° under the parallel and perpendicular excitation polarization, respectively
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所示，此时纳米线中等离激元模式的发射与激发偏振

大致相同，因此，发射偏振会随着激发偏振的旋转而旋

转。这种情况可以在实验中观察到，如图 2 所示。然

而，当三角片与纳米线之间为“点”接触时，电场主要分

布在三角片上。尽管从近场角度无法直接得到偶极子

分布，但可以通过计算 J积分得到不同激发偏振下三角

片产生的远场辐射的偏振方向约为 160°。此情况在实

验和模拟中均得到了证实，如图 3（c）和图 4（c）所示。

4　结　　论

用湿化学合成方法制备了银纳米线 -三角片耦合

结构，研究了耦合处的发射偏振与入射偏振之间的依

赖关系。结果发现：当三角片与纳米线呈“线”接触耦

合时，发射光的偏振会随着激发偏振的变化而变化；当

三角片与纳米线呈“点”接触时，发射光的偏振角度几

乎保持 160°不变。通过建立理论模型以及计算自由电

流密度体积分得到：当纳米线与三角片“线”接触时，在

间隙处会形成法布里-珀罗腔，此时纳米线中的等离激

元模式占主导；当纳米线与三角片“点”接触时，耦合处

的发射主要由三角片中的等离激元模式主导。因此，

可以通过改变三角片与纳米线的耦合方式来调控耦合

体系的发射偏振依赖性。本研究表明可以通过构建耦

合的波导结构来实现光偏振态的调控，从而为集成纳

米光子器件的发展提供新的技术路线。
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Abstract
Objective　 Surface plasmon polaritons (SPPs) supported by metallic nanostructures can confine electromagnetic fields at the 
nanoscale and overcome the diffraction limit.  Compared with conventional electronic devices, integrated subwavelength optical 
devices with high data transmission rates and wide bandwidths provide a promising platform for the development of nanophotonics.  In 
recent decades, various plasmon-based optical elements have been developed, including waveguides, resonators, nanoantennas, 
multiplexers, and switchers.  Polarization-controllable optical elements are important in chip-to-chip interconnects, sensors, and 
quantum cryptography.  Chemically synthesized nanowires have been reported to function as polarization-controllable plasmonic 
waveguides, where the emission of different SPPs modes relies on the shape of the wire end.  Additionally, optical properties sensitive 
to incident polarization have been observed in coupled nanostructures composed of wires or nanoparticles.  For example, the near-field 
enhancement and far-field emission polarization of coupled junctions can be modulated via incident polarization, through which 
polarization-dependent routers, modulators, and logic gates have been achieved.  Hence, further optimization of coupled waveguides 
can provide additional flexibility for controlling light polarization at the nanoscale.  In this study, we investigated the correlations 
between the emission and incident polarization of a nanowire-triangular plate coupled structure.  The results indicate that the 
polarization dependence can be modulated by the wire-triangular plate coupling type.  The response of the emission polarization to the 
incident polarization is verified using the finite-difference time-domain (FDTD) method.  In theory, by calculating the volume 
integration of the free current density, the conversion of propagating SPP modes and wire-triangular plate coupled mode can be 
revealed.  The emission mechanism of the coupled structures can be elucidated based on the superposition of different SPP modes.  
The findings provide a new degree of freedom for manipulating light polarization at the nanoscale, and are beneficial to the 
development of plasmonic nanophotonics.

Methods　 In this study, we fabricated silver nanowire-triangular plate coupled structures using a typical chemical method.  A dilute 
ethanol suspension comprising nanowires and triangular plates was drop-cast onto an indium tin oxide-coated glass slide, where the 
coupled structures were self-assembled after drying under ambient conditions.  Scanning electron microscopy was used to distinguish 
the different coupled structures, as shown in Figs.  2(a) and 3(a).  Subsequently, the samples were immersed promptly in an index-

matched oil with n=1. 518 to protect the samples against oxidization or sulfuration in air.  Next, optical measurements were 
performed, where He-Ne laser with a wavelength of 633 nm was focused onto the nanowire end through an oil objective.  The 
response of the emission polarization to the incident polarization was obtained by rotating the half-wave plate and polarizer.  The 
experimental data were verified via simulation using the FDTD method, and the emission mechanism was determined by calculating 
the volume integration of the free current density.

Results and Discussion　The experimental results show different polarization correlations between the excitation and emission of 
the nanowire-triangular plate coupled structure.  The emission polarization follows the direction of the excitation polarization.  
Meanwhile, the emission polarization is maintained at 160°, regardless of the incident polarization.  In the simulation, we recorded the 
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nanoscale and overcome the diffraction limit.  Compared with conventional electronic devices, integrated subwavelength optical 
devices with high data transmission rates and wide bandwidths provide a promising platform for the development of nanophotonics.  In 
recent decades, various plasmon-based optical elements have been developed, including waveguides, resonators, nanoantennas, 
multiplexers, and switchers.  Polarization-controllable optical elements are important in chip-to-chip interconnects, sensors, and 
quantum cryptography.  Chemically synthesized nanowires have been reported to function as polarization-controllable plasmonic 
waveguides, where the emission of different SPPs modes relies on the shape of the wire end.  Additionally, optical properties sensitive 
to incident polarization have been observed in coupled nanostructures composed of wires or nanoparticles.  For example, the near-field 
enhancement and far-field emission polarization of coupled junctions can be modulated via incident polarization, through which 
polarization-dependent routers, modulators, and logic gates have been achieved.  Hence, further optimization of coupled waveguides 
can provide additional flexibility for controlling light polarization at the nanoscale.  In this study, we investigated the correlations 
between the emission and incident polarization of a nanowire-triangular plate coupled structure.  The results indicate that the 
polarization dependence can be modulated by the wire-triangular plate coupling type.  The response of the emission polarization to the 
incident polarization is verified using the finite-difference time-domain (FDTD) method.  In theory, by calculating the volume 
integration of the free current density, the conversion of propagating SPP modes and wire-triangular plate coupled mode can be 
revealed.  The emission mechanism of the coupled structures can be elucidated based on the superposition of different SPP modes.  
The findings provide a new degree of freedom for manipulating light polarization at the nanoscale, and are beneficial to the 
development of plasmonic nanophotonics.

Methods　 In this study, we fabricated silver nanowire-triangular plate coupled structures using a typical chemical method.  A dilute 
ethanol suspension comprising nanowires and triangular plates was drop-cast onto an indium tin oxide-coated glass slide, where the 
coupled structures were self-assembled after drying under ambient conditions.  Scanning electron microscopy was used to distinguish 
the different coupled structures, as shown in Figs.  2(a) and 3(a).  Subsequently, the samples were immersed promptly in an index-

matched oil with n=1. 518 to protect the samples against oxidization or sulfuration in air.  Next, optical measurements were 
performed, where He-Ne laser with a wavelength of 633 nm was focused onto the nanowire end through an oil objective.  The 
response of the emission polarization to the incident polarization was obtained by rotating the half-wave plate and polarizer.  The 
experimental data were verified via simulation using the FDTD method, and the emission mechanism was determined by calculating 
the volume integration of the free current density.

Results and Discussion　The experimental results show different polarization correlations between the excitation and emission of 
the nanowire-triangular plate coupled structure.  The emission polarization follows the direction of the excitation polarization.  
Meanwhile, the emission polarization is maintained at 160°, regardless of the incident polarization.  In the simulation, we recorded the 
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local near-field distribution and obtained the corresponding far-field emission using the FDTD method.  When the triangular plate-

nanowire coupling exhibits a “line” connection, the emission polarization increases monotonically with the incident polarization.  
However, when the coupling type exhibits a “point” connection, the emission polarization remains at 160°, regardless of the incident 
light.  These experimental and simulation results show that the emission behaviors can be effectively modulated by the wire-triangular 
plate coupling type.  To elucidate the modulation mechanism, we analyzed the plasmon modes excited in the nanowire-triangular plate 
junction.  The three modes contribute to the emission from the junction: hybridized wire modes m=0 and m= 1 and the nanowire-

triangular plate coupling mode P (Fig.  5).  Based on antenna radiation theory and the volume integration of the free current density, 
we calculate the emission contributed by the triangular plate and nanowire.  The results show that the light emitted from the triangular 
plate is always polarized at 160°, regardless of the incident polarization.  It can be understood by the fact that the orientation of induced 
dipole oscillation is 160° .  In addition, the emission polarization from the wire part is the same as the incident polarization.  Hence, 
when the triangular plate-nanowire exhibits “wire” coupling, the junction serves as a Fabry-Perot cavity and the wire modes dominate 
the emission polarization rotating with the incident polarization.  When the triangular plate-nanowire exhibits a “point” connection, the 
near-field is mainly localized on the triangular plate, in which the emitted light dominated by coupling mode P with polarization 
remains in the 160° orientation.

Conclusions　 We fabricated silver nanowire-triangular plate coupled structures via wet chemical synthesis and investigated their 
polarization correlations between incident light and emission.  The results showed that the incidence-emission polarization correlation 
depended on the coupling type of the nanowire-triangular plate.  When the triangular plate-nanowire exhibited a “line” connection, a 
Fabry-Perot cavity was formed in the junction.  The polarization of the emitted light followed with the excitation polarization.
However, for the “point” coupling type, the emission polarization remained at 160° , regardless of the incident polarization.  The 
emission mechanism can be interpreted by the superposition of propagating SPP modes and the localized mode of the coupled 
nanowire-triangular plate structure.  Hence, the emission polarization at the junction can be manipulated by the nanowire-triangular 
plate coupling type.  These findings can be used to develop more sophisticated polarization-controllable devices and are beneficial to 
the development of integrated nanophotonics.

Key words optical materials; surface plasmon polaritons; nanostructures; emission; polarization dependence


	1　引　　言
	2　实验原理与方法
	2.1　样品的制备
	2.2　实验系统与原理

	3　分析与讨论
	3.1　实验结果
	3.2　理论模拟
	3.3　模型讨论

	4　结　　论

