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Polarization Selective Blazed Grating Employing Metal-slit Arrays
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A polarization selective blazed grating employing metal-slit arrays was proposed. Nano-scale metal-slits were applied to the
micro-scale blazed grating to give the functionality of polarization selection. Case study was carried out for the proposed structure
utilizing numerical FDTD (Finite Difference Time Domain method) simulation. Diffraction efficiency of 77.61% and polarization
extinction ratio of 8.99 was achieved with arbitrary parameters and diffraction efficiency of 64.22% and polarization extinction
ratio of 81.09 was achieved with other parameters to enhance extinction ratio.

Keywords: Metal slit array grating, Wire grid polarizer, Blazed grating, Surface plasmon
OCIS codes: (050.0050) Diffraction and gratings; (240.6680) Surface plasmons
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FIG. 1. Wave behavior of each polarization for the normal blazed
grating (a) and proposed polarization selective blazed grating (b);
In the case of (a) both TM and TE are reflected and the case of
(b) T™M s reflected and TE is transmitted.

beam splitter), ZZAE Sof ARgE|T Qrl'*

T 1(b)eko] Ak FaBo] aARe st °
Fo) 715 Al & st =AE 2els) 2] 9fs) ot
A AHE ¢&}elste] FDTD (Finite Difference Time Domain
method) S 0] &3 AARALS Ed AZs) Hkth

a9 2k AU 4 &8 LR A 45
UL glom AR ATE A8l AREE W] g &

of AelEfo] Qlt}. o714 12 F53 54 Abel9] ARE U
Eie wis 220) WHlE Uehdch 123 0 sd2%)
Ao zhwolct. o714 Wo| whatEle] Uzt wkalzh6,)
2 0,9 FHj7L Elok o]ef 2 WS 7HA AL AA= A
Ashedel ofelgol e Aow AZEm o) Jus

7] YA nlolarAA| Y] FREL n)g] WET T 9

o e olo] FE&=o0zm B To ;q]xl—__ 3l =g o]

ofof & Ao FEL oA Aol A= =2l
A B ol W) BAE welt e 2AS
F7]% gk

sk, 88o] Yoluh Zhmel B8] Yojuh wabe]
A A0 2k

mA, =dsiné, (1)
o71M me A oo 2 2 AE AuishH, A 3
A= 9o o, d= 9E ARpe] 271, 0. 3Ho] Lol

+ A=E Yetdth 9714 12Hm=1) 2182 0= 6,3}

™ |
| TE

® |

S |

\ \

~ \ |

\\ Q|

\\ V|

el

T

\Q

w l v

FIG. 2. Detailed structure description of the proposed polarization
selective blazed grating where, s is the grating slope of shape,
O; is the reflection angle, w is the width of metal and / is the
length between metals respectively.

TABLE 1. Parameters and used values for the study

Parameters values
d 1.5 um
/ 100 nm
w 50 nm
0, tan”' (1/5)=11.3°
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FIG. 3. Relative permittivity of the metal (Al) used for the
simulation; (a) is real value and (b) is imaginary value. (Extracted
from the simulation software of FDTD Solutions by Lumerical
Solutions, Inc.)
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FIG. 4. (a) Hz field distribution for the TE polarization incidence
and (b) Ez field distribution for the TM polarization incidence. It
can be observed that the most of excited wave is transmitted for
the case of TE (a) and the most of excited wave is reflected with
reflection angle for the case of TM (b).
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FIG. 5. Total transmittance and reflectance for (a) TM and (b) TE
polarization as a function of wavelength.
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FIG. 6. Diffracted intensity as a function of wavelength and angle
(10 period of gratings are assumed). Peak intensity is at around
-22.6° for the 576 nm wavelength where we are considering in
the case study.
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FIG. 7. Absolute diffraction efficiency (7=P/P,) of the designed
grating for the TM wave incidence where, P is diffracted power
and Py is the incident power.

TABLE 2. Performance comparison between normal grating and

proposed structure

Proposed structure

Normal grating| / = 100 nm,
w = 50 nm

[ = 250 nm,
w = 50 nm

™ TE ™ TE ™ TE

Reflection 90.39%88.74%88.66%|12.76%|69.10%| 1.62%

Relative
. . . 86.10%96.44% (87.54% | 67.66% | 92.93%|48.88%
diffraction efficiency

Absolut
SO o 304(85.58% | 77.61%] 8.64% |64.22%| 0.79%
diffraction efficiency
Extinction ratio 091 8.99 81.09
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