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摘要 为了在宽频内实现可开关的高效率线极化转换,设计了一个嵌入PIN二极管的十字架型极化转换超表面。

仿真结果显示,当PIN二极管处于导通状态时,在4.03~7.71
 

GHz范围内,该超表面的极化转换率超过90%,相
对带宽为62.7%;当PIN二极管处于截止状态时,该超表面在工作频段相当于反射板。通过理论分析和表面电流

分布解释了极化转换机理。最后,对所制作样品的实验测量进一步证实了该超表面可开关的极化转换效果。所设

计的超表面有望应用于电磁兼容和极化探测等领域。
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1 引  言

人工电磁超表面的出现[1],打破了传统电磁材

料体积大和成本高的限制,使得自由地控制电磁波

成为可能。超表面在科学工程前沿领域已得到广泛

应用,包括负折射[2]、隐身斗篷[3]、全息图[4-5]和超构

透镜[6]等。而极化作为电磁波最基础和重要的特性

之一,在完美吸收[7-8]、非对称传输[9-10]和极化转

换[11-13]等领域都有重要的应用。因此,对电磁波的

极化状态的控制非常重要。
目前,从微波到可见光波段,很多基于超表面设

计的极化转换器被报道,其极化转换功能涵盖线极

化到线极化[14-17]、线极化到圆极化[18-21]、圆极化到

圆极化[22-23]的转换。例如:Grady等[11]基于金属栅

结构,实现了太赫兹频段的宽频线极化转换性能;

Lu等[15]基于四个L型结构,设计出一种工作在太

赫兹频段的宽频线极化转换器;Ghosh等[20]提出一

种基于石墨烯的极化转换超表面,可以实现在中红

外波段三频段线极化到圆极化的转换;Wang等[23]

基于Z型结构单元,设计出一种工作在微波范围的

超表面,可以实现圆极化到圆极化转换。另外,工作

在远红外和可见光波段的宽频极化转换器也有相关

报道[24-25]。上述大多数研究提出的极化转换器虽然

实现了多频或宽频的功能,但是一旦结构被制作完

成,其功能也随之固定,不具有可调性,这导致这些

极化转换器的应用场景较为单一。因此对于可调或

可开关的高效宽带极化转化器的研究十分必要。
本文设计出一个嵌入PIN二极管的十字型超

表面,通过控制单元结构中PIN二极管的状态,可
以实现可开关的极化转换效果。当PIN二极管处

于导通状态时,该超表面实现了转换率超过90%的

宽带极化转换,相对带宽为62.7%;当PIN二极管

处于截止状态时,该超表面在工作频段相当于反射

板。通过理论分析和表面电流分布解释了所设计超

表面的极化转换机理,并实验证实了所设计超表面

可开关的宽频极化转换功能。

2 结构设计

所设计的可开关宽频线极化转换超表面的结构

如图1所示。图1(a)为6×6的阵列示意图,其单
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图1 所设计超表面的结构示意图。(a)6×6阵列示意图;(b)单元结构示意图;(c)顶层金属谐振单元;(d)底层馈电层

Fig 
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元结构如图1(b)所示,该结构从上到下依次为顶

层的十字架型金属谐振单元、介质层1、连续的金

属薄膜、介质层2和底层的馈电层。十字架型金

属谐振单元刻蚀在介质层1的正面,十字架的长

臂沿着单元晶胞的对角线,在长臂中嵌入两个PIN
二极管(图1的三角部分),连续的金属薄膜覆盖

在介质层1的背面,用来阻挡电磁波的透射,如
图1(b)、(c)所示。介质层2是为了解决二极管的馈

电问题而引入的,二极管 D1 的正极和二极管 D2
的负极分别通过金属过孔和底层的馈电线连接,
图1(d)为底层的馈电层示意图。为了防止金属过

孔和铜薄膜接触造成短路,对铜薄膜金属过孔的

位置作隔离处理。结构中所有金属均为铜,其电

导率为5.8×107
 

S/m,介质层材质为FR-4,介电

常数为4.3,正切损耗为0.025,其他优化后的参

数如表1所示。
表1 可开关宽带极化转换超表面的结构参数

Table
 

1 Structure
 

parameters
 

of
 

switchable
 

broadband
 

polarization
 

conversion
 

metasurface
 

Parameter h1 h2 h3 l1 l2 w d r p s

Value
 

/mm 6 0.038 1 4.6 3.6 0.8 2 0.6 15 1

  顶层金属谐振单元嵌入的PIN二极管为NXP
公司生产的BA591[26],根据BA591的参数,其导通

和截止状态可以分别等效为不同的RLC串联电路,
如图2所示,导通状态可以等效为一个电阻Ron 和

电感Lon 的串联电路,截止状态可以等效为电阻

Roff和电容Coff 的串联电路,其中 Ron=0.36
 

Ω,

Lon=2
 

nH,Roff=100
 

kΩ,Coff=0.65
 

pF。
在仿真中,采用CST电磁仿真软件对所提出的

极化转换超表面进行数值仿真,将x 轴和y 轴方向

设置为周期性边界条件(unit
 

cell),电磁波沿着-z
轴方向传播,电场和磁场分别沿着y 轴和x 轴方向

图2 BA591二极管在不同状态下的等效电路模型

Fig 
 

2 Equivalent
 

circuit
 

models
 

of
 

BA591
 

at
 

different
 

states
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传播,如图1(b)所示。共面极化反射系数和交叉极

化反射系数分别定义为ryy=|Eyr|/|Eyi|和rxy=
|Exr|/|Eyi|,其中Exi(Exr)和Eyi(Eyr)分别为入射

(反射)电磁波沿着x 轴和y 轴方向的电场分量。
因此,极 化 转 换 率(polarization

 

conversion
 

rate,
 

PCR;RPCR)的求解公式为:RPCR= rxy
2/(rxy

2+
ryy

2)。

3 结果及分析

由于单元结构中两个二极管D1 和D2 的方向

相同,因此当给二极管施加合适的偏置电压时,D1
和D2 将同时处于导通或截止状态。图3所示为当

二极管处于不同状态,电场沿着y 轴方向极化的电

磁波垂直入射到所设计超表面时的反射系数以及对

应的PCR。从图3(a)、(b)可以看到,当二极管处

于导通状态时,在4.03~7.71
 

GHz频率范围内,
共面极化反射系数ryy 低于0.2,交叉极化反射系

数rxy 高于0.9,对应的PCR高于0.9,此时实现

了宽带极化转换,相对带宽达到62.7%。当二极

管处于截止状态时,共面极化反射系数ryy 高于

0.8,交叉极化反射系数rxy 低于0.3,这表明大部

分入射电磁波以共面极化波的形式被反射,对应

的PCR低于0.15,即极化转换被关闭,如图3(c)、
(d)所示,此时该结构相当于一个反射板。因此,
通过控制二极管状态,该超表面实现了可开关的

宽带极化转换。

图3 二极管处于导通或截止状态时所设计超表面的反射系数和极化转换率。(a)导通状态的反射系数;(b)导通状态的

极化转换率;(c)截止状态的反射系数;(d)截止状态的极化转换率

Fig 
 

3 Reflection
 

coefficients
 

and
 

PCR
 

of
 

designed
 

metasurface
 

when
 

the
 

diodes
 

are
 

in
 

on-state
 

or
 

off-state 
 

 a 
 

Reflection
 

  coefficients
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on-state 
 

 b 
 

PCR
 

in
 

on-state 
 

 c 
 

reflection
 

coefficients
 

in
 

off-state 
 

 d 
 

PCR
 

in
 

off-state

  所设计超表面的极化转换特性可通过其正交的

本征模来解释。当电场沿着y 轴方向极化的电磁

波垂直入射到所设计的超表面时,入射电场Ei可以

分解为沿着u 轴方向和v 轴方向的两个正交的本

征模Eiu 和Eiv,如图4(a)所示。Eiv 和Eiu 分别平

行于结构的长臂l1 和短臂l2。因此,当结构分别在

Eiv 和Eiu 的激励下时,可以通过调整l1 和l2 的几

何尺寸来确定反射波的相位。图4(c)、(d)所示为

当二极管处于导通状态时,所设计超表面分别在

Eiv 和Eiu 的激励下,短臂长度l2 的变化对反射波

相位的影响。从图4(c)可以看到,在Eiv 的激励下,

l2 从2.6
 

mm变化到4.6
 

mm,相位φv 几乎没有发

生变化,这是因为短臂l2 垂直于Eiv,l2 的变化不会

影响其相位φv。而相位φu 可随着l2 长度的变化而
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图4 极化转换原理分析。(a)极化转换原理解析图;(b)Eiu 和Eiv 激励下的反射系数和相位差;(c)Eiv 和(d)Eiu 激励下,

 l2 变化时反射波的相位;
 

(e)Eiv 和(f)Eiu 激励下,l1 变化时反射波的相位

Fig 
 

4 Analysis
 

of
 

polarization
 

conversion
 

principle 
 

 a 
 

Schematic
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polarization
 

conversion 
 

 b 
 

reflection
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difference
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Eiu
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Eiv 
 

respectively 
 

reflection
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changed
 

with
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length
 

l2 

under
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excitation
 

of
 

 c 
 

Eiv
 and

 

 d 
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respectively 
 

reflection
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changed
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length
 

l1 under
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  excitation
 

of
 

 e 
 

Eiv
 and

 

 f 
 

Eiu 
 

respectively

调节,如图4(d)所示,这是因为短臂l2 平行于Eiu。同

理,在Eiu 的激励下,改变长臂l1 的长度,不会影响相

位φu,但会影响φv,如图4(e)、(f)所示。
 

因此,通过选

择合适的l1 和l2 可以调节φv 和φu 之间的相位差,
从而调节反射波的极化状态。入射电场Ei和反射电

场Er 可分别表示为Ei=̂uEiuejφ +̂vEivejφ 和Er=

ûruEiue
j(φ+φu)+̂vrvEive

j(φ+φv),其中ru 和rv 为反射波

的幅度,φu 和φv 为反射波的相位。由图4(a)可知,
当ru=rv 且ΔΦ=φu-φv=180°时,电场极化方向

沿y 轴的电磁波就会被转变为沿x 轴极化的电磁

波,从而实现共面极化波向交叉极化波的转换。当

l1=4.6
 

mm,l2=3.6
 

mm时,分别在Eiu 和Eiv 的

激励下,在4.03~7.71
 

GHz工作频段,ru 和rv 大

致相等,ΔΦ 也在180°附近,如图4(b)所示,这证实

了由图4(a)得出的结论。
为了进一步阐述所设计极化转换器的转换机

制,图5给出了当PIN二极管处于导通状态时谐振

频率处的表面电流分布。从图5(a)可以看到,在谐
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图5PIN二极管处于导通状态时在不同谐振频率处的表面

电流分布。(a)4.34
 

GHz;(b)5.67
 

GHz;(c)7.26
 

GHz
Fig 

 

5 Surface
 

current
 

distributions
 

at
 

different
 

resonance
 

frequencies
 

when
 

PIN
 

diodes
 

are
 

in
 

on-state 
 

     a 
 

4 34
 

GHz 
 

 b 
 

5 67
 

GHz 
 

 c 
 

7 26
 

GHz

振频率点4.34
 

GHz处顶层金属谐振单元的表面电

流主要分布在长臂,并与金属底板的电流形成反向

平行电流,由此激发了磁偶极子m,形成感应磁场

H,其沿y 轴方向上的分量Hy 平行于入射电场Ei,

二者交叉耦合,产生一个垂直于入射电场Ei的感应

电场,这导致了极化转换。而感应磁场H 沿x 轴方

向的分量Hx 垂直于入射电场Ei,故不会产生交叉

极化。同理,在5.67
 

GHz处,产生交叉极化也是因

为顶层的表面电流与金属底板的电流形成磁谐振,
如图5(b)所示。而在7.26

 

GHz处,金属谐振单元

的表面电流与金属底板的电流方向相同,形成电谐

振,如图5(c)所示,由此产生的感应电场E 在x 方

向的分量Ex 垂直于入射电场Ei,从而促进交叉极

化的转换。
考虑到广角入射特性在实际工程中有着广泛的

应用,考察了所设计极化转换器对倾斜入射电磁波

极化转换特性的影响,结果如图6所示。可以看到,
当入射角小于40°时,PCR随着入射角的增大略微

图6 不同入射角下的PCR
Fig 

 

6 PCR
 

at
 

different
 

incident
 

angles

降低,在工作频段内PCR仍大于80%,说明所设计

结构具有良好的广角入射特性。当入射角继续增

大,极化转换率逐渐小于80%,这是因为随着入射

角的增大,所设计结构的电磁谐振减弱。

4 样品制作及测量

为了进一步证实所设计结构的可开关极化转换

特性,利用印刷电路板(printed
 

circuit
 

board,
 

PCB)
蚀刻 技 术 制 作 了 25×25 单 元 结 构 的 样 品,如
图7(a)所示,单元结构的几何尺寸和仿真中的设置

相同,PIN二极管按照图1所示通过金属过孔和背

面馈电线连接。测量环境如图7(b)所示,采用类似

NRL拱形测试方法[27],利用同轴电缆和矢量网络

分析仪连接发射和接收喇叭,并利用直流稳压电源

给PIN二极管供电。将锥形泡沫吸波材料放在样

品后面,以避免不必要的散射和反射干扰。
测量时,使得喇叭天线与样品之间的距离满足

NRL标准的远场条件,为待测样品施加2
 

V的正向

偏置电压,使PIN二极管工作在导通状态,将发射

和接收喇叭水平放置,用来测量共面极化反射系数;
保持发射和接收喇叭位置不变,将接收喇叭旋转

90°,用来测量交叉极化反射系数。在每一次测量

前,都用与样品尺寸相同的金属板对测量设备进行

校准,测量结果如图7(c)所示。对比仿真结果可以

发现,测量结果与仿真结果基本一致,但是转换带宽

略微减小,测量结果有所波动,这可能是由制作以及

测量误差引起的,比如旋转接收喇叭引起的误差和

校准产生的误差等。在截止工作状态,给PIN二极

管施加20
 

V反向偏置电压,用同样的方法测量共面

和交叉极化反射系数,测量结果如图7(d)所示,其

PCR在整个工作频段都低于0.15。综上,通过控制

二极管的开关状态,该超表面完成了在极化转换和
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图7 实验测量结果。(a)制作的样品;(b)测量环境;(c)二极管处于导通状态测量得到的反射系数和PCR;(d)二极管处于

截止状态测量得到的反射系数和PCR;(e)不同入射角下的PCR
Fig 

 

7 Measured
 

results 
 

 a 
 

Photo
 

of
 

the
 

sample 
 

 b 
 

measured
 

environment 
 

measured
 

reflection
 

coefficients
 

and
 

PCR
 

for
 

the
 

diodes
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 c 
 

on-state
 

and
 

 d 
 

off-state 
 

 e 
 

measured
 

PCR
 

at
 

different
 

incident
 

angles

全反射功能之间的切换,调制切换的速度主要取决

于二极管的开关速度,而PIN二极管的开关速度在

纳秒量级,因此所提出的可开关超表面可以实现实

时开关调控。最后,测量了斜入射角对极化转换性

能的影响,结果如图7(e)所示,可以看到,当入射角

小于45°时,PCR基本能保持在80%以上,表现出良

好的广角入射特性。

5 结  论

基于嵌入PIN二极管的十字架型结构,设计了

一种可开关的极化转换超表面。通过控制PIN二

极管的工作状态,该超表面可在宽带极化转换和全

反射功能间切换。仿真结果表明,当PIN二极管处

于导通状态时,在4.03~7.71
 

GHz范围内,该超表

面的极化转换率超过90%,相对带宽为62.7%,并
且具有良好的斜入射特性。当PIN二极管处于截

止状态时,该结构相当于一个反射板。通过理论分

析和表面电流分布解释了极化转换的物理机制,且
实验结果和仿真结果基本吻合。所设计的超表面有

望用于电磁兼容和极化探测等领域。
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Abstract
Objective Since

 

the
 

artificial
 

metasurface
 

was
 

proposed 
 

it
 

has
 

attracted
 

extensive
 

attention
 

owing
 

to
 

its
 

unique
 

physical
 

properties
 

and
 

wide
 

applications
 

in
 

many
 

fields 
 

such
 

as
 

holographic
 

imaging 
 

microstrip
 

antenna 
 

absorber 
 

and
 

polarization
 

converter 
 

The
 

polarization
 

converter
 

is
 

an
 

important
 

research
 

topic
 

in
 

the
 

application
 

of
 

metasurfaces 
 

Currently 
 

single-band 
 

multiband 
 

and
 

broadband
 

polarization
 

conversion
 

metasurfaces
 

have
 

been
 

developed 
 

and
 

their
 

operating
 

frequency
 

bands
 

cover
 

the
 

microwave 
 

terahertz 
 

infrared 
 

and
 

visible
 

bands 
 

However 
 

most
 

of
 

the
 

traditional
 

polarization
 

converters
 

lack
 

switchable
 

performance 
 

Although
 

the
 

frequency
 

or
 

amplitude
 

values
 

of
 

some
 

metasurfaces
 

are
 

tunable 
 

the
 

methods
 

are
 

complex 
 

Herein 
 

a
 

switchable
 

and
 

high-
efficiency

 

broadband
 

polarization
 

conversion
 

metasurface
 

is
 

designed
 

with
 

PIN
 

diodes 
 

By
 

controlling
 

the
 

state
 

of
 

the
 

diodes 
 

the
 

switchable
 

polarization
 

conversion
 

is
 

realized 
 

and
 

the
 

measured
 

and
 

simulation
 

results
 

agree
 

excellently 
 

which
 

verifies
 

the
 

switchable
 

polarization
 

conversion
 

of
 

the
 

metasurface 
 

Compared
 

with
 

the
 

traditional
 

polarization
 

conversion
 

metasurface 
 

the
 

proposed
 

structure
 

may
 

be
 

applied
 

in
 

practical
 

engineering
 

to
 

meet
 

special
 

requirements 
 

The
 

design
 

enriches
 

the
 

research
 

of
 

metasurfaces
 

and
 

provides
 

a
 

strategy
 

for
 

switchable
 

polarization
 

converters 

Methods In
 

the
 

simulation 
 

electromagnetic
 

 EM 
 

simulation
 

software 
 

CST 
 

based
 

on
 

the
 

finite
 

integration
 

technique
 

 FIT  
 

was
 

adopted
 

to
 

simulate
 

the
 

proposed
 

polarization
 

conversion
 

metasurface 
 

Periodic
 

boundary
 

conditions
 

 unit
 

cell 
 

were
 

set
 

along
 

the
 

x
 

and
 

y
 

directions 
 

the
 

EM
 

wave
 

propagated
 

along
 

the
 

negative
 

z-axis 
 

and
 

the
 

electric
 

and
 

magnetic
 

fields
 

were
 

polarized
 

along
 

the
 

y
 

and
 

x
 

axes 
 

respectively 
 

The
 

polarization
 

conversion
 

rate
 

 PCR 
 

is
 

defined
 

as
 

RPCR= rxy 2 rxy 2+ ryy 2   
 

where
 

ryy and
 

rxy are
 

the
 

co-polarization
 

and
 

cross-
polarization

 

reflection
 

coefficients 
 

respectively 
 

In
 

the
 

experimental
 

measurement 
 

a
 

25×25
 

unit
 

structure
 

sample
 

was
 

built
 

by
 

adopting
 

printed
 

circuit
 

board
 

 PCB 
 

etching
 

technology 
 

the
 

overall
 

size
 

of
 

the
 

sample
 

is
 

400
 

mm×
400

 

mm 
 

The
 

PIN
 

diodes
 

were
 

embedded
 

in
 

the
 

structures 
 

and
 

a
 

DC
 

stabilized
 

power
 

supply
 

provided
 

the
 

bias
 

voltage
 

for
 

the
 

diodes 
 

The
 

wedge
 

foam
 

materials
 

were
 

placed
 

behind
 

the
 

sample
 

to
 

eliminate
 

the
 

interference
 

from
 

scattering
 

and
 

unnecessary
 

reflection 
 

The
 

sample
 

was
 

measured
 

in
 

free
 

space
 

using
 

the
 

approximate
 

NRL
 

arch
 

method 
 

the
 

transmitting
 

and
 

receiving
  

angles
 

were
 

connected
 

to
 

the
 

vector
 

network
 

analyzer
 

through
 

a
 

low-loss
 

coaxial
 

cable 
 

respectively 
 

and
 

the
 

distance
 

between
 

the
  

angles
 

and
 

the
 

sample
 

meets
 

the
 

far-field
 

conditions
 

of
 

the
 

NRL
 

standard 
 

First 
 

the
 

forward
 

bias
 

voltage
 

of
 

2
 

V
 

was
 

applied
 

on
 

the
 

sample 
 

and
 

the
 

two
  

angles
 

were
 

horizontally
 

placed
 

to
 

measure
 

the
 

co-polarization
 

waves 
 

Next 
 

the
 

positions
 

of
 

the
 

transmitting
 

horns
 

were
 

maintained 
 

and
 

rotated
 

the
 

receiving
  

angle
 

was
 

rotated
 

by
 

90°
 

to
 

receive
 

the
 

cross-polarization
 

reflection
 

waves 
 

Before
 

each
 

measurement 
 

the
 

different
 

pieces
 

of
 

measuring
 

equipment
 

were
 

calibrated
 

using
 

a
 

metal
 

plate
 

of
 

the
 

same
 

size
 

as
 

the
 

sample 

Results
 

and
 

Discussions Here 
 

a
 

switchable
 

polarization
 

conversion
 

metasurface
 

was
 

designed
 

and
 

fabricated 
 

PIN
 

diodes
 

were
 

embedded
 

in
 

the
 

appropriate
 

position
 

of
 

the
 

metasurface
 

to
 

control
 

the
 

operating
 

states 
 

Bottom
 

feed
 

lines
 

were
 

designed
 

to
 

provide
 

bias
 

voltage
 

for
 

the
 

diodes 
 

The
 

metasurface
 

schematic
 

is
 

shown
 

in
 

Fig 
 

1 
 

When
 

the
 

diodes
 

are
 

in
 

the
 

on
 

state 
 

ranging
 

from
 

4 03--7 71
 

GHz 
 

the
 

co-polarization
 

reflection
 

coefficient
 

is
 

less
 

than
 

0 2 
 

the
 

cross-polarization
 

reflection
 

coefficient
 

exceeds
 

0 9 
 

and
 

the
 

corresponding
 

PCR
 

exceeds
 

0 9 
 

indicating
 

that
 

broadband
 

and
 

high-efficiency
 

polarization
 

conversion
 

is
 

achieved 
 

However 
 

when
 

the
 

diodes
 

are
 

in
 

the
 

off
 

state 
 

the
 

co-polarization
 

reflection
 

coefficient
 

exceeds
 

0 8 
 

the
 

cross-polarization
 

reflection
 

coefficient
 

is
 

less
 

than
 

0 3 
 

and
 

the
 

corresponding
 

PCR
 

is
 

less
 

than
 

0 15 
 

In
 

this
 

case 
 

the
 

metasurface
 

works
 

as
 

a
 

reflector 
 

Therefore 
 

the
 

proposed
 

polarization
 

conversion
 

metasurface
 

has
 

a
 

good
 

switching
 

polarization
 

conversion
 

performance
 

 Fig 
 

3  
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Furthermore 
 

the
 

principle
 

of
 

polarization
 

conversion
 

was
 

explained
 

by
 

analyzing
 

the
 

orthogonal
 

eigenmodes
 

 Fig 
 

4 
 

and
 

the
 

surface
 

current
 

distributions
 

at
 

the
 

resonant
 

frequency
 

 Fig 
 

5  
 

Additionally 
 

the
 

wide-angle
 

incidence
 

characteristics
 

of
 

the
 

metasurface
 

were
 

investigated 
 

when
 

the
 

incident
 

angle
 

increases
 

to
 

40° 
 

the
 

PCR
 

still
 

exceeds
 

80%
 

in
 

the
 

working
 

frequency
 

band
 

 Fig 
 

6  
 

Finally 
 

a
 

sample
 

of
 

the
 

polarization
 

conversion
 

metasurface
 

was
 

built 
 

indicating
 

that
 

the
 

measured
 

and
 

simulation
 

results
 

agree
 

excellently
 

 Fig 
 

7  

Conclusions By
 

embedding
 

the
 

PIN
 

diodes
 

in
 

the
 

metasurface
 

and
 

delicately
 

designing
 

the
 

feed
 

circuit 
 

a
 

cross-
shaped

 

switchable
 

polarization
 

conversion
 

metasurface
 

is
 

proposed 
 

When
 

the
 

diodes
 

are
 

in
 

the
 

on
 

state 
 

the
 

metasurface
 

works
 

in
 

the
 

polarization
 

conversion
 

mode 
 

the
 

PCR
 

exceeds
 

90%
 

in
 

the
 

range
 

of
 

4 03--7 71
 

GHz 
 

and
 

the
 

corresponding
 

relative
 

bandwidth
 

is
 

62 7% 
 

However 
 

when
 

the
 

diodes
 

are
 

in
 

the
 

off
 

state 
 

the
 

polarization
 

conversion
 

is
 

turned
 

off 
 

and
 

the
 

metasurface
 

works
 

as
 

a
 

reflector 
 

The
 

mechanism
 

of
 

the
 

polarization
 

conversion
 

metasurface
 

is
 

explained
 

by
 

theoretical
 

analysis
 

and
 

surface
 

current
 

distributions 
 

The
 

designed
 

metasurface
 

has
 

good
 

wide-angle
 

incident
 

characteristics 
 

and
 

the
 

metasurface
 

has
 

good
 

polarization
 

performance
 

within
 

the
 

incident
 

angle
 

of
 

less
 

than
 

45° 
 

Furthermore 
 

the
 

measured
 

and
 

simulation
 

results
 

agree
 

excellently 
 

which
 

confirms
 

the
 

feasibility
 

of
 

this
 

work 
 

The
 

proposed
 

metasurface
 

is
 

expected
 

to
 

be
 

used
 

in
 

EM
 

compatibility
 

and
 

polarization
 

detection 

Key
 

words materials 
 

metasurface 
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polarization
 

conversion 
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diode 
 

broadband
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