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Design and fabrication of metal-wire nanograting used as
polarizing beam splitter in optical telecommunication
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We developed a metal-wire nanograting device as a polarizing beam splitter (PBS) for the optical telecommunication
applications. Effective Medium Theory (EMT) was used for initial design and Rigorous Coupled Wave Analysis (RCWA) was
used for optimization. We fabricate metal-wire nanogratings on glass substrate using nanoimprint lithography (NIL) and
reactive ion etching (RIE) process. Experimental investigation shows that the PBS device has uniform performance with
broadband wavelength and wide variations in the angle of incidence. These features with their small size make these PBSs

desirable for use in optical telecommunication and allow more compact component designs.
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1. Introduction

Polarizing beam splitters (PBS) are essentia optical
devices for most optical systems and optical networks.
Conventional polarizers and PBS are bulky optics, which
is a disadvantage for many applications that require
compact size for efficient packaging. The other critica
thing to optical networksisthat they are expensive in large
part because optical components themsel ves are expensive.
Today’ s optical devices lag far behind their semiconductor
counterparts  in  integration,  density,  diversity,
manufacturability, availability and religbility. While
electronics manufacturing has evolved from physica
assembly of discrete components to the high-volume
manufacture of optical-component integration: hybrid and
monalithic [1]. Hybrid integration is a packaging-based
bringing together carefully selected, compatible optical
components on a precise bench structure, to create
sophisticated integrated optical modules. Monoalithic
integration is wafer-based chip to create integrated
functionality.

Grating nanostructures with period smaller than
wavelength, known also as subwaveength optical
elements (SOESs), have the potential to replace or improve
conventional optical elements [2]. In addition, it alows
increased flexibility in opticd design while fitting for
hybrid integrated and reducing parts counts. They can be
used as anti-reflection (AR) surfaces for visible and near
infrared spectrum applications [3,4]. Another application
is the polarization effect. This effect is enhanced by the
presence of a subwavelength metal wire grid [5]. Work is
in progress on grating structure polarizer with periodicities
approximate 150 nm for covering the complete optica
telecom spectrum with much better characteristics.
Developments in microlithography and associated
technologies now make it possible to put these principles
into practice and in particular to produce“artificial media”.
As a result, the subject of subwavelength structures now

dtracts a great deal of research interest with a view to
extending the possibilities of waveguides, optica fibers
and electro-optical materia.

In the present paper we report the design and
fabricated metal wire nanogratings with the function of
polarizing beam splitter for the optica telecommunication
applications.

2. Principle and modeling

Consider a wire-grid polarizer consists of a series of
fine paralld metallic lines coated on glass substrate as
shown in Fig. 1. These wire arrays polarize efficiently
when the dimensions of the wires and spacing are small
compared to the wavelength of the incident light. Light
polarized parale to the metal wires is reflected. Light
polarized perpendicular to the wiresis largely transmitted.
The most common explanation of the wire-grid polarizer is
based on the restricced movement of eectrons
perpendicular to the metal wires [6]. If the incident wave
is polarized aong the wire direction, the conduction
electrons are driven dong the length of the wires with
unrestricted movement. The coherently excited electrons
generate a forward travding as well as a backward
traveling wave, with the forward traveling wave canceling
the incident wave in the forward direction. The physica
response of the wire grid is essentially the same as that of
athin metal sheet. As aresult, the incident wave is totally
reflected and nothing is transmitted in the forward
direction. In contrast, if the incident wave is polarized
perpendicular to the wire grid, and if the wire spacing is
smaller than the wavelength, the Ewad-Oseen field
generated by the dectrons is not sufficiently strong to
cancel the incoming field in the forward direction. Thus
there is considerable transmission of the incident wave.
The backward traveling wave is aso much weaker leading
to a small reflectance. Thus most of the incident light is
transmitted.
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Fig. 1. (8) Schematic of the nanograting PBS, where TM
polarized light istranamitted and TE polarized light is
reflected. (b) Metal wire nanograting model.

Because the grating period is far smdler than
wavelength, the traditional diffraction theory is not fit for
it again. We used Effective Medium Theory (EMT) for
initial design and rigorous coupl ed wave analysis (RCWA)
[7] for optimization of the polarizing beam splitter.

When the period of the grating is sufficiently small
compared with the wavelength, the whole structure
behaves as if it were homogenous and equivalent to one
birefringence film [8] Consider a one dimensiona grating
composed of two materials of refractive indices n; and n,
with duty cycle f (f = Widthinaeia of nyy / period); the
effective indices are given by [9]

ns =[fn2+ (1-f)n?] Y2, (1)
no=mn [+ (1-f)n?1 2. (2

By choosing the material and adjusting the duty cycle
f, a birefringence effect can be achieved that is much
larger than that achieved with standard optical materials.

3. Simulation and optimization

For a general polarizing beam splitter, four
parameters are used to characterize the polarizing beam
splitter’s  performance:  transmission extinction ratio
(Ext.T), reflection extinction ratio (Ext.R), transmittance
(Ttm), and reflectance (Re). Transmittance (Trv) is the
power transmission coefficient for TM (eectric-field
vector perpendicular to the wire) polarized light.
Reflectance (Rte) is the power reflection coefficient for

TE (electric-field vector paralel to the wire) polarized
light. Ext.T is defined as 10log (T+w/T+g), in which Trgis
the power transmission coefficient for TE polarized light.
Ext.R is defined as 10log (Rre/Rmv), in which Rryis the
power reflection coefficient for TM polarized light. Ext.R
is a key parameter for characterizing the polarizing beam
splitter, since Ext.R is usually much lower than Ext.T due
to existence of smdl reflectance of TM polarized light.
Once the period of the wire grid is determined, there is
always an inherent rade-off between achieving high Ext.T
and high Try because achieving higher Ext.T requires
more metal volume, which leads to more absorption and
thus lower Try. Rrwand Ext.R are aso influenced by the
metal thickness.

In this work, a period of ~150 nm is used for
optical telecommunication (900~1700 nm) applications.
different metal layer thickness h were simulated (using
RCWA [6]) and are shown in Fig. 2 and Fig. 3, revealing
that about 100 nm thickness or 600~700 nm thickness
results in a high extinction ratio and low insertion loss of
both polarization, but for grating period of 150 nm, meta
layer with thickness above 600 nm is difficult to fabricate.
In order make the fabrication process easy and get good
polarization properties, metal layer thickness 100 nm and
grating period 150 nm with duty cycle 50% were
eventually chosen.
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Fig. 2. Insertionlossof TM and TE polarized light
(Ttm & Rye) asa function of metal layer thickness h.
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Fig. 3. Extinction ratio of transmission and reflection
(BExt.T & EXt.R) asa function of metal layer thickness h.
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4, Fabrication results and discussion

We have used nanoimprint lithography (NIL) to
fabricate the meta wire grating structure on quartz
substrate. First, an Al film was deposited on a glass
substrate. Then 0.2 pm thick poly-methyl-methacrylate
(PMMA) was spin coated onto a quartz substrate to form a
shadow mask. A therma nanoimprint process was then
used to define a high-resolution grating with a period of
150 nm and a duty cycle of 0.5. After imprinting, the
resdual layer was removed by O2 plasma and Al was
etched by RIE. The find result of the grating in our
experiment is shown in Fig. 5. It is worth mentioning that
Al is used in our experiment because it adheres well to
substrates and is rdatively easy to deposit. Gold could be
used to replace Al in this experiment, but a thin layer of a
different metal such as titanium is often required because
the gold will not adhere to the substrate, complicating the
design and fabrication process.
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Fig. 5. Scanning electron microscope photographs of the
grating sample with a period of 150 nmand a duty cycle
of 0.5.
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Fig. 6. Tranamission spectrum measured for TE and TM wave.
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Fig. 7. Schematic diagram of the experimental setup for
the €fficiency measurement of the fabricated embedded
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Fig. 8. Experimental result of insertion loss measured as
a function of incident angle.

The fabricated grating was measured by
spectrophotometer (Lamida 900). Transmission spectrum
(500~2500 nm) for TE and TM wave are shown in Fig.6,
revealing that the grating has broadband performance in
whole opticd telecommunication wavelength. To
investigate the influence of incident angle, we used a
measure setup shown schematically in Fig. 7 with a
1550nm wavelength light source. The beam was focused
onto the fabricated grating, and its input polarization was
controlled by a polarization rotator. Three photodetectors
were then used to measured the transmission, the
reflection and the incidence reference light power
simultaneoudy. The sample was mounted on a
controllable rotation stage. The measured insertion loss as
a function of incident angle are shown in Fig. 8. (The
incident angles from 5°  beginning for reflection
efficiency measured) It can be seen from Fig.8 that the
grating has very broad band for incident angle, which give
great angle tolerate for device package. The efficiency of
TM transmission could be improved by adding an
anti-reflective coating on the surface of the grating. These
workswill be discussed in detail in future publications.

5. Conclusions

In conclusion, we have developed a PBS device
based on metal-wire nanograting. TE polarization will be
reflected while TM polarization will be transmitted.
Effective Medium Theory (EMT) was used for initia
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design and Rigorous Coupled Wave Anaysis (RCWA)
was used for optimization of the polarizing beam splitter.
We fabricate metal-wire nanogratings on glass substrate
using nanoimprint lithography (NIL) and reactive ion
etching (RIE) process. Experimentd investigation of the
polarization effect for this grating is carried out. The
polarizing beam splitter has uniform performance with
broadband wave ength and wide variations in the angle of
incidence. These features including the smal size make it
desirable for use in optical telecommunication and allows
for more compact component designs.
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