PHASE OPTICS

PHASE OPTICS

Formation of Pancharatnam-
Berry Phase Optical Elements
With Space-Variant
Subwavelength Gratings

Erez Hasman,Vladimir Kleiner,
Gabriel Biener and Avi Niv

he Pancharatnam-Berry phase is a

geometric phase associated with the
polarization of light. When the polariza-
tion of a beam traverses a closed loop on
the Poincaré sphere, the final state differs
from the initial state by a phase factor
equal to half of the area encompassed by
the loop upon the sphere. In a typical ex-
periment, the polarization of a uniformly
polarized beam is altered by a series of
space-invariant (transversely homoge-
neous) wave plates and polarizers. The
phase that evolves in the time domain is
measured by means of interference.

Recently, we developed novel optical
phase elements based on the space-do-
main Pancharatnam-Berry phase.! Unlike
diffractive and refractive elements, the
phase is not introduced through optical
path differences, but results from the geo-
metric phase that accompanies space-vari-
ant (transversely inhomogeneous) polar-
ization manipulation. We show that such
elements can be realized using computer-
generated space-variant subwavelength
gratings. The elements are polarization de-
pendent, thereby enabling multipurpose
optical elements that are suitable for ap-
plications such as optical switching, opti-
cal interconnects and polarization beam
splitting. Optical elements that use this ef-
fect to form a desired phase front are
called Pancharatnam-Berry phase optical
elements (PBOEs).

We introduced and experimentally
demonstrated continuous PBOEs based
on subwavelength gratings such as polar-
ization beam splitters, optical switches?
and spiral phase elements bearing various
topological charges.’ By continuously con-
trolling the local orientation and period of
the grating, we can achieve any desired
phase element. Figure 1(a) illustrates the
geometry of the continuous blazed PBOE,
as well as the geometrical phases for inci-
dent right-hand and left-hand circularly
polarized lights. Moreover, we exploited
our PBOEs to demonstrate polarization

Talbot self-imaging,* as well as nondif-
fracting periodically space-variant polar-
ization beams.’

We also discuss a theoretical analysis
and experimental demonstration of mul-
tilevel discrete Pancharatnam-Berry phase
diffractive optics (multilevel PBOE).® The
multilevel geometrical phase is formed by
discrete orientation of a local subwave-
length grating with uniform periodicity.
By use of advanced photolithographic and
etching techniques, we realized a quan-
tized geometrical blazed polarization dif-
fraction grating, as well as a polarization-
dependent focusing lens for CO, laser ra-
diation at a wavelength of 10.6 pm on
GaAs substrates. The magnified geometry
of the multilevel blazed polarization grat-
ing for a number of discrete levels, N=4, is
presented in Fig. 1(b), as is the predicted
geometrical quantized phase distribution
for incident left-hand circularly polarized
light. Figure 1(b) also shows the measured
and predicted diffraction efficiency for
first diffracted order for the different mul-
tilevel PBOEs. The excellent agreement
between the experimental results and the
predicted efficiency confirms the expected
multilevel discrete binary phase. In addi-
tion, we formed a multilevel Pancharat-
nam-Berry diffractive focusing lens which
had a multilevel discrete spherical phase
function with number of discrete levels
N=8 [see Fig. 1(c)]. As predicted, the
measured diffraction efficiency was
94.5% = 1%, which indicated that high
diffraction efficiency can be attained by
use of a single binary computer-generated
mask. The PBOEs will advance a variety of
applications in modern optics, especially
in the area of nano-optics.
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Figure |. (a) Magnified geometric representation
of continuous blazed polarization diffraction grat-
ing and geometrical phases for incident right-hand
|R) and left-hand |L) circularly polarized light. (b)
Magnified geometry of multilevel blazed polariza-
tion diffraction grating for number of discrete lev-
els, N=4, as well as predicted geometrical quan-
tized phase distribution for incident left-hand cir-
cularly polarized light, and scanning electron mi-
croscopy images of some regions of the grating.
Measured (triangles) and predicted (dashed curve)
diffraction efficiency as a function of the number of
discrete levels, N. (c) Magnified geometry of a mul-
tilevel-PBOE focusing lens with N=4, as well as
predicted multilevel geometrical phase. Image of
diffraction-limited focused spot size as well as the
measured (dots) and theoretically calculated (solid
curve) cross section.
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