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Optical activity and cross polarization conversion (CPC) of a rotated-arm-square chiral

metamaterial (CMM) is reported in this work. Proposed CMM shows strong chirality owing to the

cross coupling between the induced magnetic field and incident electric field of the applied

electromagnetic wave. Mechanism of CPC functionality is explained based on the surface current

distribution of CMM structure. Microwave experiment is performed to reveal the CPC utility of the

proposed CMM. Among various designs on the CPC converters, possibility of near 99% efficiency

is revealed in the proposed CMM.VC 2013 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4846096]

I. INTRODUCTION

Tailoring the polarization state of an electromagnetic

(e-m) wave [plane of vibration of e-m wave radiation] is an

inevitable part in many branches including contrast imaging

microscopy, optical mineralogy, molecular biotechnology,

lasers, and microwave communication. Most of the natural

substances possessing chiral geometries, where the crystal-

line unit cell lacks mirror symmetry along the direction of

propagation are used for designing different polarizing ele-

ments. Since the phenomena of light reflection, absorption,

scattering, and refraction depend on the polarization state of

an e-m wave, materials with larger optical activity are essen-

tial for the realization of optical components such as polar-

izers, wave retarders, filters, splitters, isolators, and rotators.1

For instance, to design a polarization rotator (device that

rotates the plane of polarization of linearly polarized light by

certain angle of rotation), one can utilize naturally occurring

helical structures (e.g., tellurium oxide and quartz). In such a

media, the rotatory power (polarization rotation angle per

unit length) depends on the difference between the refractive

indices of left and right circularly polarized modes and the

wavelength of the incident light. In the case of quartz, rota-

tory power is 31�/mm at 500 nm.2 Therefore, making com-

pact devices out of this material is not feasible. Thin films of

magnetic optical materials such as yttrium iron garnet are

useful for making miniaturized polarization rotators, but the

rotatory power is proportional to the magnitude of applied

magnetic field. On the other hand, twisted nematic liquid

crystals are also useful for the design of polarization rotators

in display devices, but their frequency of operation and sta-

bility are major constraints in the device fabrication.

Apart from the above listed conventional materials,

metamaterials provide unique polarization functionalities for

the realization of photonic elements in optics and communi-

cations. Metamaterials are the subwavelength structures

whose constitutive parameters such as electric permittivity

and magnetic permeability can be tuned to mold the e-m

radiation.3 Negative refraction, double focusing, subwave-

length imaging, and ultra-high confinement are the seminal

properties of the metamaterials.4 Particularly, their role in

polarization optics also unequivocal as they are electrically

thin (so that it paves the way to realize compact devices that

are not hitherto reported using conventional materials) and

show giant optical activity of the order of 2700�/k at micro-

wave and optical frequencies.5

Many of the artificially structured chiral geometries in

planar forms (helices,6 twisted rosettes,7,8 cross wire

pairs,9,10 Gammodian structures,11,12 fractal geometries,13

cut-wire pairs,14 asymmetric split ring resonators including

square and V-shaped constituents15,16 are investigated for

the exploration of giant optical activity, iso-index, and larger

circular dichroism for polarization filters, beam splitters, op-

tical isolators, polarization converters, and rotators.5–11,17–21

It may be noted that many of the optical logic circuits

and optoelectronic systems require the functionality of cross

polarization converter (CPC—in general known as 90� polar-

ization rotator) as the demand is growing for the conversion

of x-polarized beam into y-polarized beam for polarization di-

versity. In literature, several designs of CMM based CPCs

are reported with the aspects of maximum CPC functional-

ity,5 unit transmittance,22 dual band response,16,23,24 broad

bandwidth,25 insensitiveness to the polarization angle, and

incident excitations.26

A major challenge involved in the CPC design is to

identify a planar CMM geometry for maximum cross cou-

pling efficiency. A planar chiral geometry capable of produc-

ing maximum cross coupling effect between incident electric

field and induced magnetic field is necessary for the realiza-

tion of CPCs. It is identified that the planar CMMs based on

the magnetic coupling resonances5,27 show larger CP effi-

ciency in comparison with the electric coupling resonan-

ces.7,8 For example, in Ye and He’s work,5 CPC efficiency

of more than 90% is achieved based on the transverse mag-

netic dipole interaction. However, optical isolation between

cross and co-polarization levels need to be improved for

practical applications.
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Second major challenge involved in the design of CP

converter is to reduce the reflective losses and achieve unit

transmittance. It is noticed that Mutlu and Ozbay22 indicated

the role of e-m wave tunneling (EMT) resonance to enhance

the transmittance of the cross polarized light and they

reported the CPC efficiency of 99% numerically. Hence,

in addition to the good isolation between cross and

co-polarized levels, CP converter must preserve transmit-

tance of the incident radiation upon polarization rotation.

Third important aspect of the CPC design regards the

requirement of pure optical activity, where degree of ellip-

ticity should vanish so that the linear polarization is ensured

upon polarization conversion. Many of the CPC designs

reported based on the zero point of the ellipticity. However,

ellipticity would not vanish in a dispersive and anisotropic

nature of the chiral media. Hence, the design of a CP con-

verter should ensure minimum value of ellipticity. It is use-

ful to mention that Decker et al.28 had demonstrated a

method to nullify the ellipticity based on the magnetic cou-

pling resonance in a coupled split-ring-resonator metamate-

rial. However, polarization rotation angle achieved in such

a structure is minimum (around 30� for THz frequencies).

On the other hand, recent report on the optical activity of

complementary twisted-cross structure shows rotation angle

around �164� with ellipticity less than 0.2� at THz frequen-

cies.29 Nevertheless, transmission levels for the comple-

mentary twisted-cross structure are low, and the structure is

not meant for cross polarizer designs.

Owing to the above perspectives, present work look

into the design of a CPC converter with maximum CPC effi-

ciency accompanied with good optical isolation and lower

value of ellipticity. Rotated-arm-square chiral metamaterial

(RASCMM) is realized to fulfill these objectives. It is dem-

onstrated that conductive coupling mechanism arising

between metal arms and square patches of the proposed

RASCMM enhances the cross coupling feature of a CP con-

verter. Strong cross polarized regime is observed with the

ellipticity around 0.2� at microwave frequencies. Full wave

e-m simulations and microwave experiments reveal the iso-

lation characteristics and homogeneous nature of the pro-

posed RASCMM unit cell structure. Origin of the CPC

functionality is explained based on the surface current dis-

tribution and the optimized RASCMM structure shows CPC

efficiency of 99%.

II. OPTICAL ACTIVITYOF PROPOSED RASCMM

Figure 1(a) shows unit cell of the proposed RASCMM.

It consists of double layer chiral metallic patterns separated

by a dielectric spacer thickness of 0.762mm. Dielectric

spacer is chosen to be a Rogers 5880LZ substrate, which has

a dielectric constant of 1.96 with a loss tangent of 0.0019.

Arm-square metallic patterns at the front and back side of

the dielectric spacer are rotated in opposite direction by mak-

ing an angle of 60� with each other along the direction of

propagation of the e-m wave. Owing to these conjugate pat-

terns, unit cell lacks the mirror symmetry along the direction

of propagation. As per Fig. 1(a), geometrical coordinates are

set in such a way that the E-polarized beam oriented along

the y direction is impinged normally on the unit cell. Lattice

constant of the unit cell along the x and y directions is taken

to be 14mm.

To find the optical activity of the proposed RASCMM,

full-wave simulations are carried out based on the finite-

difference time-domain technique using CST Microwave

Studio.30 Unit cell of the RASCMM is employed with peri-

odic boundary conditions along x and y directions and plane

wave of the y-polarized beam is excited normally on the unit

cell. In order to obtain the cross (Txy) and co-polarization

(Tyy) transmission coefficients as per the following equation,

two sets of electric field probes oriented along the x and y

directions are placed at the output port of the unit cell:

Txy ¼ Et
x=E

i
y; and Tyy ¼ Et

y=E
i
y: (1)

In Eq. (1), Et
x represents the transmitted electric field

measured along the x direction, Ei
y represents the incident

electric field polarized along y direction, and Et
y represents the

transmitted electric field measured along the y direction.

Suppose, if the medium is not optically active to produce

cross polarization, one would expect zero transmission level

for the Txy. Hence, by computing the Txy and Tyy, one can fully

explore the polarization properties of the CMM unit cell.

Fig. 1(b) shows the numerical results of Txy and Tyy of

the RASCMM. The cross polarization regime is shaded in

the frequency range of 11.62 GHz to 14.38GHz. Two dis-

tinctive features of the proposed RASCMM can be revealed

from Fig. 1(b). (1) Regime of maximum cross polarization,

which also accompanies the finite value of co-polarization

(e.g., at 12.008GHz, cross polarization amplitude level is

Txy � 0:88 and the co-polarization is Tyy � 0:40). (2)

Regime of cross polarization corresponding to the complete

suppression of co-polarization levels (e.g., at 12.86GHz,

Txy � 0:32, and Tyy � 0:004).
In case of the first feature, co-polarization level needs

to be suppressed for the design of CPCs. On the other hand,

for the second feature, unit transmittance needs to be

achieved irrespective of the higher optical isolation values

(complete suppression of co-polarization levels). Before

exploring the possibility of maximum CPC efficiency,

major characteristics and cross coupling mechanism of the

RASCMM are examined.

FIG. 1. (a) Unit cell of the proposed RASCMM. Lattice constants ax and ay
are taken to be 14mm. Metal patch length l is 7.7mm. Metal arm length larm
is 2mm. Metal arm width w is 0.3mm. Twist angle between the front and

back side of the metal layers h is 60�. E-field polarized along y direction is

taken for the analysis. (b) Cross (Txy) and co-polarization (Tyy) transmission

coefficients of the RASCMM. Shaded regime indicates the cross polariza-

tion regime.

224506-2 Rajkumar, Yogesh, and Subramanian J. Appl. Phys. 114, 224506 (2013)

 [This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to ] IP:

129.120.242.61 On: Thu, 04 Dec 2014 10:19:07



For the geometrical parameters of Fig. 1(a), polarization

characteristics of the RASCMM are computed based on the

Txy and Tyy values. Polarization rotation angle (h), right-

handed (Tþþ) and left-handed (T��) circular polarization

transmission coefficients (RCP and LCP), ellipticity (g), and

circular dichroism (CD) are plotted in Figs. 2(a)–2(d) as per

Eq. (2),31 respectively.

Tþþ ¼ Tyy þ iTxy and T�� ¼ Tyy � iTxy;

h ¼
1

2
arg Tþþð Þ � arg T��ð Þ
� �

;

g ¼
1

2
tan�1 jTþþj

2 � jT��j
2

jTþþj
2 þ jT��j

2

 !

;

CD ¼ jTþþj
2 � jT��j

2:

(2)

In Eq. (2), Tþþ and T– represent RCP and LCP transmis-

sion coefficients and “arg” represents angle. Since the pro-

posed geometry has four-fold rotational symmetry in the xy

plane, one can set Tyy ¼ Txx; Txy ¼ �Tyx. It is observed from

Fig. 2(a) that for the unit cell thickness of 0.786mm, polar-

ization rotation angle is found to be around 90� in the fre-

quency range of 12.81 GHz to 13GHz. This angle indicates

the cross polarization conversion, where the y-polarized

beam is converted in to a x-polarized beam. Importantly,

necessary criterion for the CPC design is that a planar CMM

should possess pure optical activity, where the ellipticity

should be minimum. Since ellipticity indicates the degree of

elliptically/circularly polarized light, minimum value asserts

the maintenance of linearly polarized state in the output port.

This is can be verified from Figs. 2(b) and 2(c), where Fig.

2(b) dictates almost same transmission levels for the RCP

and LCP, and Fig. 2(d) reveals the minimum value of ellip-

ticity �0.6� to �0.21� in the frequency range of 12.81 GHz

to 13.11GHz, respectively. Similarly, minimum value of cir-

cular dichroism (differential absorption/transmission for

RCP and LCP waves) observed in Fig. 2(d) also affirms the

suitability of the RASCMM for CPC design.

To demonstrate the CPC functionality, electric field map

at 12.86GHz is given in Fig. 3. It is verified that y-polarized

beam is converted in to x-polarized beam owing to 90� polar-

ization rotation. It is affirmed that the proposed RASCMM

shows good optical isolation characteristics and almost pure

optical activity for the design of CP converters. However,

main challenge is to obtain the unit transmittance upon CP

conversion. In order to investigate for the maximum CPC ef-

ficiency, mechanism of CP conversion for the proposed

RASCMM is explored.

III. MECHANISM OF CROSS POLARIZATION IN
RASCMM

It is known that functionality of CP conversion depends

on the maximum cross coupling between the incident electric

field and the induced electric/magnetic fields in the CMM.5

It may be noted that the proposed RASCMM can be looked

as an evolution from a parallel squares to a rotated squares

(accompanied with metal arms). Hence, to gain the mecha-

nism behind the CP conversion of the proposed RASCMM,

surface current distribution and Txy and Tyy plots of the vari-

ous unit cells are taken for the analysis as per Fig. 4.

FIG. 2. Polarization parameters of the

RASCMM structure in the frequency

range of 8 GHz to 20GHz. (a)

Polarization rotation angle. (b) Right

handed (Tþþ) and left handed (T��)

circular polarization transmission coef-

ficients. (c) Ellipticity. (d) Circular

dichroism.

FIG. 3. Electric field map at 12.86GHz shows the 90� polarization rotation.
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Figure 4(a) presents Txy and Tyy plots for parallel square

unit cell. It is obvious that parallel square unit cell is not an

optically active molecule as there is no cross coupling

between incident and induced fields. This is can be explained

from the surface current distribution given at 12.86GHz in

the inset of Fig. 4(a). For a y-polarized incident beam, anti-

symmetric currents are excited at front and back sides of the

parallel square unit cell. As per the coupling scheme given in

the inset of Fig. 4(a), antisymmetric currents excited at front

(solid arrows) and back (dotted arrows) sides of the metal

layers induce a magnetic field in the direction perpendicular

to the applied electric field.32,33 Since induced magnetic field

is exactly orthogonal to the applied electric field, cross cou-

pling is not possible for parallel square unit cell, and hence,

it is not optically active. It may be noted that the parallel

square unit cell is widely used for producing negative mag-

netic permeability as it shows strong magnetic plasmonic

resonance (around 12.86GHz) for y-polarized beam.34

Figure 4(b) presents Txy and Tyy plots for rotated square

unit cell. Optical activity of the rotated square unit cell has

been explored in THz regime very recently.31 The main disad-

vantage is that rotated square unit cell shows lower cross

polarization transmission levels besides its optical activity. As

far as the polarization rotation is concerned, it is observed

from Fig. 4(b) that the cross polarization transmission is pre-

sented with stronger attenuation. For example, at 13.328GHz,

maximum possible cross polarization transmission is found to

be �14.8 dB. However, the same frequency witnesses larger

co-polarization transmission at the level of �3.35 dB. The ex-

istence of minimum cross polarization can be explained from

surface current distribution at 13.328GHz. Unlike a parallel

square unit cell, all four sides of metallic patterns are excited

in mutually rotated squares. Antisymmetric currents excited

at the front (solid arrows) and back (dotted arrows) side of the

unit cell constitute a strong magnetic resonance. However,

there is no suitable coupling mechanism is available to align

the induced magnetic field along the direction of electric field

of the applied e-m wave. This leads to weak cross polarization

conversion.

Figure 4(c) presents Txy and Tyy plots for the proposed

RASCMM unit cell. RASCMM accompanies the inclusion

of metallic arms in the rotated square slabs. Such inclusion

fulfills two design criteria; (1) Introducing larger asymmetry

along the direction of propagation will increase the chirality.

In other words, to produce larger change in the polarization

azimuth angle of the incident radiation, small amount of

polarization sensitive response is sufficient.12 (2) It is learnt

that even though the rotated square unit cell show surface

current at four sides (top/bottom and left/right), there is no

coupling mechanism to produce the rotation of fields. Since

metallic arms are nothing but the electrical dipoles,14 such

inclusion is expected for aiding in larger cross coupling

owing to the dipoles interaction.

It is indicated in the first section that this RASCMM unit

cell shows cross polarization regime in the range of

11.62GHz to 14.38GHz. At 12.008GHz, maximum cross

polarization transmission level is observed but that also

accompanies the co-polarization transmission. To correlate

this, surface current distribution is given at 12.008GHz in the

inset of Fig. 4(c). Solid and dotted arrows represent the sur-

face currents at the front and back sides of the RASCMM

unit cell, respectively. Dominant antisymmetric currents

between the front and back side of the metal layers constitute

a magnetic response (induces the magnetic field) similar to

parallel square and rotated square unit cells. However, in

RASCMM, incident e-m wave also excites the metallic arms

and constitute an electrical response. Though the geometry is

complex to explain the complete picture of the coupling

mechanism, it is observed that currents at the arms and square

patch of the RASCMM unit cell couple conductively.35

Owing to this conductive coupling due to the metallic arms,

currents at top/bottom sides of front metal layer will couple

FIG. 4. Txy and Tyy plots for (a)

parallel square, (b) rotated square, (c)

RASCMM, and (d) mirror symmetry

RASCMM unit cells. In the inset of (a),

surface current plot for the front and

back side of parallel square unit cell is

given at 12.86GHz. Coupling scheme

is also depicted in the inset of (a). In the

inset of (b), surface current plot at

13.328GHz is given for the rotated

square unit cell. In the inset of (c), sur-

face current plots at 12.008GHz and

12.86GHz are given for RASCMM

unit cell. In the inset of (d), surface cur-

rent plot at 12.86GHz is given at front

and back side of the mirror symmetry

RASCMM unit cell. In all the insets,

solid and dotted arrows represent the

surface currents at front and back side

of the unit cells, respectively.
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to the currents at left/right sides of the back metal layer and

leads to the maximum cross polarization (Txy��1.12 dB).

Since coupling is mixed (both electrical and magnetic

response), co-polarization transmission (Tyy��7.91 dB) is

also observed at 12.008GHz.

For the second case, at 12.86GHz, RASCMM shows

cross polarization with the heavier suppression of co-

polarization (Tyy is around �50.42 dB). From the surface cur-

rent distribution given in the inset of Fig. 4(c) at 12.86GHz,

it is observed that all four sides of the RASCMM are not

excited like at 12.008GHz, where for the front metal layer,

left and right sides are excited (solid arrows), and for the

back metal layer, top and bottom sides are excited (dotted

arrows). This antisymmetric current between the left/right

(at front) and top/bottom (at back) sides of the metal layers

constitutes cross polarization transmission with the level of

�9.85 dB.

In order to further affirm the optical activity of the pro-

posed RASCMM, surface current distribution is compared

with respect to the mirror symmetry structure as shown in

Fig. 4(d). Since mirror symmetry structure is not optically

active, there is no cross polarization existing over the entire

frequency. To explain this, surface current distribution at

front and back metal layers of the mirror symmetry structure

is given at 12.86GHz in the inset of Fig. 4(d). It is noticed

that surface currents at front and back side of the metal

layers are symmetric in nature. It indicates that the unit cell

as a whole acts as an electric dipole and there is no magnetic

response7 (the unit cell shows electrical plasmon resonance

at 12.86GHz) and cross coupling is absent for the mirror

symmetry structure.

From this surface current analysis, it is verified that the

proposed RASCMM shows cross polarization characteristics

governed by the magnetic response due to the antisymmetric

current distribution and the role of metal arms for the maxi-

mum cross coupling is analyzed with respect to different unit

cell structures. In order to achieve for the maximum cross

polarization, one has to optimize the length and width of the

metal arms. However, it is noticed that the addition of metal

arms is a basic one for the CPC designs. Several metallic pat-

terns other than metal arm can also be added to the existing

RASCMM for the exploration of different applications.

Therefore, before optimizing the structure for maximum

CPC, experimental analysis is performed for the basic

RASMCMM structure shown in Fig. 1(a).

IV. EXPERIMENTAL RESULTS: OPTICAL ISOLATION
OF RASCMM

Cross and co-polarization transmission measurements

for the proposed RASCMM are performed at microwave fre-

quencies using Agilent microwave vector network analyzer

(N5230A). For the parameters given in Fig. 1(a), 10� 8

array of RASCMM unit cells is patterned on each side of the

ROGERS 5880LZ board (er is 1.96 with the loss tangent of

0.0019) of thickness 0.762mm. Copper thickness of the

board is 0.012mm. Metallic patterns printed on either side of

the dielectric patterns are conjugated so that the arrangement

breaks the mirror symmetry along the direction of propaga-

tion of e-m wave.

Fig. 5(a) shows schematic of the experimental setup and

fabricated sample of the RASCMM structure. Cross (Txy)

and co-polarization (Tyy) transmission measurements are per-

formed using standard gain horn antennas in the frequency

range of 8 GHz to 14GHz. Measurements are performed in

an anechoic chamber to avoid unwanted reflections. For the

FIG. 5. (a) Experimental setup for the

cross and co-polarization transmission

measurements. Fabricated 10� 8

array of the RASCMM structure is

also shown. (b) and (c) Cross and co-

polarization transmission results,

respectively.
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cross polarization setup, both the transmitting and receiving

horn antennas are placed orthogonally. In such configuration,

there would not be a signal reception in the receiver as the

medium is not optically active. In addition to this, co-

polarization transmission (Tyy) is also measured by keeping

the same orientation for both the antennas. For comparison

purpose, transmission in air background is also recorded for

both cross and co-polarization measurement setups.

Figure 5(b) presents the cross polarization transmission

results. In an air background, without the metamaterial struc-

ture, recorded transmission by orthogonally rotated receiver is

around �57 dB at 12.86GHz. In case of the RASCMM, cross

polarization transmission is found to be around �17.6 dB at

12.86GHz. The enhancement of transmission over 30 dB with

respect to air background is obtained owing to the cross polar-

ization ability of the proposed RASCMM. Similarly, Fig. 5(c)

presents co-polarization transmission results. Without the

RASCMM, Tyy level in air background is found to be around

�8 dB at 12.86GHz. With the presence of RASCMM, Tyy
level is measured to be around �31 dB at 12.86GHz. From

these results, it is noticed that the proposed RASCMM pos-

sesses good isolation characteristics (15 to 20 dB) between

cross and co-polarization transmission levels. Apart from the

single frequency response, both Figs. 5(b) and 5(c) reveal the

cross polarization regime of proposed RASCMM in the range

of 11.5 to 14GHz. It is to be noted that numerical results are

in close agreement with the experimental results beside the

loss factor due to longer propagation distances.

V. OPTIMIZATION: UNIT TRANSMITTANCE

Cross polarization with unit transmittance would be the

desirable criterion for many of the practical utilities. In one

hand, it is observed that the higher cross polarization levels of

the RASCMM unit cell are shadowed by the finite

co-polarization levels owing to the mixed coupling behavior.

On the other hand, for certain frequency range, RASCMM

completely suppresses the co-polarization, but the cross polar-

ization transmission levels are compromised. Suppressing the

co-polarization levels and enhancing the cross polarization

levels would be the key factors in the design of CPC convert-

ers. Though several metallic patterns can be added to the

existing RASCMM for unit transmittance, arm length of the

RASCMM is optimized to get maximum cross polarization

conversion and near unit transmittance.

Figure 6 presents optimization results of the RASCMM

structure. Arm length of the metallic pattern is varied in the

range of 2 to 3mm, and cross and co-polarization transmis-

sion levels are recorded numerically. Maximum cross polar-

ization power of jTxyj
2 � 99:12% is observed at 11.792GHz

for the arm length of 2.55mm (Fig. 6(a)). The corresponding

co-polarization power at 11.792GHz is found to be jTyyj
2

� 0:24% (Fig. 6(b)). On the other hand, at 11.72GHz, mini-

mum co-polarization power is found to be around jTyyj
2

� 0:1% and the corresponding cross polarization power is

found to be around jTxyj
2 � 95:77%.

Ez field maps given at 11.72GHz (Fig. 6(c)) and

11.792GHz (Fig. 6(d)) reveal the CPC functionality of the

optimized RASCMM structure. From the surface current dis-

tribution at 11.72GHz (inset of Fig. 6(c)) and 11.792GHz

(inset of Fig. 6(d)), it is observed that the optimized arm

length of metal leads to the strong conductive coupling

between metal arms and square patches and in turn produce

the cross coupling between the front and back side of the

RASCMM due to the anti-symmetric currents.

VI. CONCLUSIONS

Owing to the search of chiral subwavelength geometries

for the design of polarization elements, this paper realized

FIG. 6. Optimization of metal’s arm

length of the RASCMM structure. (a)

and (b) The cross and co-polarization

transmission coefficients, respectively.

(c) and (d) The electric field map at

11.72GHz and 11.792GHz, respec-

tively. In the insets of (c) and (d), sur-

face current distribution at 11.72GHz

and 11.792GHz is shown, respectively.

224506-6 Rajkumar, Yogesh, and Subramanian J. Appl. Phys. 114, 224506 (2013)

 [This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to ] IP:

129.120.242.61 On: Thu, 04 Dec 2014 10:19:07



the rotated arm squared chiral metamaterial (RASCMM) and

explored its optical activity both numerically and experimen-

tally. The cross polarization ability of the proposed

RASCMM is investigated for the design of 90� polarization

rotators. RASCMM is electrically thin (k/30, thickness is

0.786mm), and it shows 90� polarization rotation with

almost complete suppression of co-polarization transmission

levels in the frequency range of 12.81 GHz to 13GHz.

Mechanism of cross coupling in the proposed RASCMM is

explained based on the surface current distribution. The

dominant coupling is magnetic in nature, where the antisym-

metric currents existing between the metallic patterns induce

a magnetic field for the electric field excitation. Maximum

cross coupling is achieved through conductive coupling

between the metal arms and square patch so that left/right

side of front metal layer will couple to top/bottom side of the

back metal layer. It is ensured that the RASCMM possessing

minimum ellipticity (�0.6� to �0.21� in the frequency range

of 12.81 GHz to 13.11GHz) so that linear polarized state of

the incident e-m radiation is preserved upon polarization

rotation. Microwave experiment is performed to reveal the

cross polarization characteristics of the proposed RASCMM.

Besides the transmission loss due to longer propagation dis-

tances, both numerical and experimental results are in reli-

able agreement with each other. It is noticed that even

though RASCMM shows complete suppression of co-

polarization transmission levels in the frequency range of

12.81 GHz to 13GHz, transmission level for the cross polar-

ization is minimum. Hence, to increase the cross polarization

level of the RASCMM, optimization of the metal arm is per-

formed based on coupling studies. It is found that the opti-

mized RASCMM shows maximum cross polarization

transmitted power of about 99% with the suppression of co-

polarization transmitted power of about 0.24% at

11.792GHz. This is the desired aspect for the realization of

miniaturized polarization elements in spectroscopy, micro-

wave communication, and optical logic gates. It is antici-

pated that the present work is also applicable for the

components design in the THz regime as suitable polymeric

components are identified31 for the polarization devices at

THz length-scales.
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