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Ring Light Beam Deflector
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W e proposed a three-dimensional
light beam steering device using

electro-optic guided-wave technology.1

The device can also be used to generate a
light beam with a phase singularity. It is
expected to find many applications in
areas including optical communication,
measurement and information process-
ing. Fast beam steering will lead to new
applications that are beyond the reach of
conventional devices.

In the construction of large-scale
optical switches, microelectromechani-
cal (MEMS) switches containing a three-
dimensional (3D) deflection device2 are
advantageous. To implement a device
using an electro-optic effect for fast
switching, a two-dimensional (2D)
waveguide structure fabricated on a 
substrate is required. However, only 2D
deflection has been possible in a 2D
waveguide structure.3, 4

We reported a case in which 3D
deflection is realized in a simple fashion
using a 2D waveguide structure.1 The
schematic device structure is shown in
Fig. 1(a). In this example, a waveguide
array (phaser or phased array)3, 4 is used
to generate the phase required to deflect
the light in the desired direction. An 
electrode is placed at each waveguide to
control the phase of the light ejected
from the end of the array. The light 
ejection positions (light source posi-
tions) are arranged in ring geometry.
The 45-degree mirror fabricated at each
end of the waveguide reflects the
waveguide light in a direction perpen-
dicular to the substrate surface. The 
45-degree mirror can be placed using
the dry etching technique. The light
ejected from the waveguides generates 
a light beam by interference. A mirror
design to align the polarization of the
reflected light is required.

Figure 1(b) shows the simulated gen-
eration of the donut-shaped light beam5

using a 100-waveguide array, diameter
r0=100 mm at propagation distance 
z =10 mm. The second order spiral light

phase is added to that required for
deflection to generate the ring shaped
peak light beam. The ring-shaped beam
maintains its shape during propagation.
Three-dimensional beam steering is
attained by the phase change, which is
generated through an electro-optic
effect by applying voltage to waveguide
array electrodes. The beam steering
angle is defined by the spatial tilt angle
of the light phase. The largest phase shift
for an electrode can be limited to 2� by
controlling the electrodes separately.
The simulation results show that beam
steering does not change beam shape.

When spiral phase shift is not used,
the main light beam has a field distribu-
tion defined by the zero order Bessel
function and the diameter of the beam
enlarges as the beam is propagated along
the z-axis with full divergence angle of
w = 5/(kr0). A sufficiently large ring 
diameter 2r0 is required to reduce the
beam divergence. The sub beam caused
by the sampling effect restricts the num-
ber of channels available. Only 3N 1/2

Figure 1. (a) Schematic of ring light beam deflector and (b) simulated performance. 
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waveguides are required to construct an
N channel optical switch, whereas N
waveguides are needed in the conven-
tional device.
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The refractive index of many optical
materials depends on the intensity of

the light propagating through the mate-
rial. Processes that occur as a result of the
nonlinear refractive index (NLRI) are
phase conjugation, self-focusing, optical
bistability, two beam coupling and opti-
cal solitons. The NLRI can also be used to
photoinduce phase filters in image for-
mation systems. Phase filters are needed
to implement the phase constrast tech-
nique used to contrast phase objects.
Phase objects are traditionally contrasted
by using phase-contrast or interferomet-
ric techniques to convert phase changes
into amplitude changes and to visualize
them.1,2 Recently we reported a single
lens optical image processor using a non-
linear medium which has the robustness
of phase contrast methods based on a
NLRI medium.3

Figure 1(a) illustrates the single lens
image processor. The object under test
is uniformly illuminated and a thin
positive lens is used to obtain both the 
phase object’s Fourier transform and its
image. An intensity-dependent medium
(IDM) is placed at the system’s focal
plane and the intensity distribution is
observed at the image plane of the sys-
tem. On the focal plane of the lens, the
field distribution consists of a zero fre-
quency at the center and additional fre-
quencies surrounding it. At this plane,
the IDM produces a self-aligned pho-
toinduced phase filter which follows the
intensity of the Fourier spectrum. Since
the aim is to realize phase contrast with-
out distorting the image, it is desirable
that the photoinduced filter alter only a
small area around the zero frequency.
To attain adequate filtering, a total illu-
mination area larger than the phase
object area must be employed while the
intensity of the illuminating wave front
is controlled.

We can describe this setup from two
different viewpoints. From an image
processing point of view, if only the
object is illuminated, the photoinduced
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filter follows the object intensity spec-
trum and in general the resulting image
intensity cannot be used to recover the
object phase distribution. When there is
illumination beyond the geometrical
boundaries of the object, more energy is
tightly concentrated near the zero fre-
quency. This energy is responsible for
photoinducing an adequate filter on the
IDM. From an interferometric point of
view, we can conceptually divide in two
the total Fourier spectrum at the focal
plane as the zero frequency region and
the additional information surrounding
it. The illumination beyond the phase
object area will concentrate around the
zero frequency, while the object spec-
trum energy is distributed along larger
frequency components. If a sufficiently
large illumination area is used, an ade-
quate phase difference will exist between
the zero frequency region and the rest of
the spectrum, allowing interference with
good contrast.

The simple and robust single lens
setup described is used to visualize
phase distributions, from the aberra-
tions in a lens [Fig. 1(b)] to an air flow
[Fig. 1(c)]. The required filtering can be

Figure 1. (a) Single lens nonlinear common path interferometer setup. f is the focal length of
the lens, do and di are the object and image distances of the setup lens, respectively. IDM is an
intensity dependent medium, (b) contrasted image of reading glasses and (c) contrasted
image of the temperature distribution induced in air by a lit lighter using a bleached photo-
graphic film as IDM.

optically self-induced in different 
nonlinear optical materials. The phase
object distribution can be recovered
using the phase retrieval techniques
used in interferometry. We foresee 
applications including visualization and
analysis of a variety of phase objects and
the illustration of optics principles in 
K-12 level classrooms.
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