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Summary & Motivation Achromatic Polarization Gratings

-.Achromatic c_jiffracti_on s desired for many applications <Ach tic PG with low twist> » Achromatic diffraction is achieved by a unique twist structure
(i.e., beamsplitters, light modulators, spectrometers, so on.) chromatic FG with low twis which leads to self-retardation compensation [8
» Recent works on polarization gratings proves potential benefits of + Self-compensation by twist is well known in STN displavs [9.10
high efficiencies, polarization-independent light modulation, and highly Y TL g &#%% ﬂ g&#%% ﬂ P d plays [9,10]
polarization-sensitive diffraction [1-6]. 0o " A~=" 7 " 2n +Analytical expressions for diffraction efficiencies are obtained
_ A B from the Jones matrix analysis under the paraxial approximations

» We model and experimentally demonstrate achromatic liquid crystal 1O oD @ 6 © O = Cons _ [cos? X + (2 — T?) sinc2X]’
polarization gratings as passive polymer films and electrically ggggﬂ)"(ﬂggggg%m 0 oo

. ( o :) : : (; D o 1 PG#1 _ F S :
switchable _C cells. AchromaticPG\ 41 N C{_%O C% (SD) 1 C O CC)D o% ()OD) 1 CD %D O +1 = A2 ( 2 3) (COSQX T (1)2 SlnCQX)

« \We also shows numerical modelin : z photo-alignment layer | . . . .
with an in-house simulation tool ) X A substrate | * Maximum bandwidth for high efficiency (>99%) is found

(WOLFS'M) at NC State University [7] G when the twist ang|e IS O~70°.
Finite-Difference Time-Domain Analysis
<Diffraction spectra of achromatic PGs> <Polarization sensitivity of the first orders> | | | N
Wideband Optical FDTD Simulator (WOLFSIM) a0 — * Maximum bandwidth for high efficiency
' Diffraction Efficiency, ,, \vpo )\D\o ~ 96% when @~70°
O : Incident O e : O S 30 — X4 Bandwidth Improvement
c% - Planewave | c%_ 0 L —_—l _ » Operation range (nN>99%) can span visible
D Polarization Grating 5 “ AndA () wavelength range.
= P [EFEPERRE =] 100 F e S CLLLELE ST LRI P » Polarization-independent zero-order diffraction
Q Q
2 | Near-field sampling line 2 80 - Achromatic PG

B + First-order diffraction efficiencies are highly

S
§ 60 ¢ E B sensitive to the incident polarization.
5 0 NN (especially, circular polarization components)
=20 | (Circular PG) N 12.8%/"
0 B B | » Simulation results show a good agreement
0 0.25 0.5 0.75 1 with both theoretical and experimental studies.
And /A (-)

Achromatic Liquid Crystal Polarization Gratings

Reactive Mesogen Achromatic Polarization Grating

-1-order +1-order 0-ordc:r
ot - - - - . . (~50%) (~50%) (~100%)

» Fabrication of high quality PGs has been anissue.  * Twist of LC is controlled by amount of chiral dopants
(left- and right-handness) in the nematic RM mixture.

Electrically Switchable LCPG on reflective substrates

° We utlllze CommerCIal grade photoallgnment mate_ (unpolarized |Ight is diffracted off-aXiS) ITO Electrode (unpolarized ||ght IS not diffracted)
rials, known as LPP (ROP103-2CP from Rolic), and  * >99% of diffraction efficiency is achieved over the AR-coated [TD-Slass AR-coated [TD-Blass
UV holography. visible wavelength range (i.e., from 450nm to 650nm) F - Photoalignment layer S FFrFoedd d4e¢r
- - - F—+—Foe 44— det
» High quality PGs were fabricated in reactive » <0.1% of scattering & >1000 polarization contrast — — — = ~Degeneratesuface ~  p—F F © 4 4— - | F
mesogen (p0|ymenzab|e |IC]UId crystals) films [8] Aluminum Reflective Substrate Aluminum Reflective Substrate
<Diffraction from Achromatic RM PG Sample> " Grating Period™ _ _ " Grating Period™!
N : A =9um, d =3um
<Fabrication of Reactive Mesogen PGs> 100 conentonalicra 10U, Achromatic LCPG | oo
| | o - from Ref. 5 k! » Active version of achromatic polarization gratings
(8) LPP Spin-Coating  (b) Polarization Holography > % 07 % 0z can be implemented by using the chiral nature of twist
L PP % 60 60 | . % upon reflection.
Glass Substrate Glass Substrate PYT——— 5 40 10! ST II_PP IS coated on th.e ITO electrode and exposed
9 90 with the UV polarization hologram.
(c) RM Spin-Coating (d) Photopolymerization ._% 20 20
D » The surface of a reflective substrate is treated for
0 0 2 4 6 8 10 % > the in-plane, degenerate anchoring condition for LCs.
Applied Voltage (V. ) Applied Voltage (V. ) Nematic LC (MLC12100-000) + Chiral Dopants (CB15)
Glass Substrate Glass Substrate 100F = ' ' S — - 100 | _ _
— Achromatic PG = o 0Vims |+ Polarization-independent light modulation is
£ 80 || g 80 15Vms|  achieved with broadband light source (i.e., white LED)
<SEM Image of Achromatic RM PG Sample> > 60 CrouarPaT | 2 60 TT— —_— J o |
N A =6um, d =2um S 4! 99.3% 99.1%  99.5% iz 10V T 25Vms|  « Diffraction spectra show more rapid voltage
P2 @473nm) (5320m)  (633nm) g me IV dl tral shifts while th |
RM i E ool S 50 L 50V, . _30Vmg| response and less spectral shifts while the grayscale
film i ' Po1 ; | | | P IS T — - . operation.
400 500 600 700 800 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
Summary & References
Summary References
* We experimentally demonstrated achromatic polarization gratings with 1] L. Nikolova et al., Optica Acta 31, 579-588 (1984). 6] G. Provenzano et al., Appl. Phys. Lett. 89, 121105 (2006).
. . . e . =000 .
high difiraction efficiencies (>99%) over the visible wavelength range. C.Ohetal. Phys. Rev. A 76, 043815 (2007). 7] C. Oh et al., Opt. Express 14, 11870-11884 (2006).
* Results from experiments show a good agreement with theoretical 1 G.P. Crawford et al., J. Aopl. Phys. 98, 123102 (2005).  [8] C. Oh et al., Proceedings of the SPIE 6682, 579-588 (2007).

(Jones matrix analysis) and numerical (FDTD simulations) predictions.
H. Sarkissian et al., Opt. Lett. 31, 2248-2250 (2000). 9] T. Scheffer et al., Annu. Rev. Mater. Sci. 27, 555-583 (1997).

* We also show two different types of achromatic liquid crystal PGs; trans-
R.K. Komanduri et al., SID Sym. Proc. 39, 18.3 (2008). [10] K. Katoh et al., Jpn. J. Appl. Phys. 26, L1784-L1886 (1987).

missive polymer films and reflective, electrically switchable, LC devices.

(32 BNE T SNOC N\






