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Abstract

The optically addressed and electrically addressed
spatial phase only light modulators without pixelized
Structures have been developed. A sufficient phase
modulation capability and a high diffraction efficiency
of these devices are useful for practical applications.

1. Introduction

Two dimenstonal phase only light modulation has
drawn a great deal of interest in applications for
optical correlation, optical interconnection, laser
processing, adaptive optics and so forth. Therefore a
spatial phase only light modulator is highly desired for
these applications.

In order to realize a practical device, a nonpixelized,
optically addressed, parallel aligned nematic liquid
crystal spatial light modulator (PAL-SLM) has been
developed . We have obtained a large depth of phase
only modulation based on the electro-optical
characteristics of a parallel aligned nematic liquid
crystal layer.

Moreover, a phase only modulator is required to be
controllable by a computer for real time display of
computer-created patterns. Therefore a nonpixelized
electrically addressable spatial light phase only
modulator has been developed *°’. The device
consists of the PAL-SLM, coupling optics, an XGA
liquid crystal display (LCD) which serves as an
accurate addressable mask for the PAL-SLM, a laser
diode (LD) for illuminating the LCD and collimating
optics for the LD.

2. PAL-SI.M

The PAL-SLM has a sandwich structure consisting
of an undoped hydrogenated amorphous silicon (a-
Si:H) photoconductive layer used for addressing, a
dielectric mirror, and a parallel aligned nematic liquid
crystal layer for modulating between the two
transparent conductive electrodes (ITO)* as shown in
Fig.l. By illuminating the a-Si:H layer with write-in

light, voltage is supplied to the liquid crystal layer.
This causes the liquid crystal molecules to tilt and
readout light is modulated corresponding to the write-

in light information.

The phase shift of over 2t radians (680nm) can be
accomplished with write-in light intensity of 200« -
W/cm” (680nm) when the applied voltage 1s 3.0V, in
the case of the readout laser light polarized parallel to
the molecular axis of the liquid crystal. The response
time was measured to be 30msec, when the phase

modulation depth was 7 radians.

Figure 2 shows the diffraction efficiency of the
device in which a sinusoidal grating was written. At
low spatial frequencies (<5 line pairs/mm), the
diffraction efficiency was 31%, which was very close

to the theoretical maximum of Raman-Nath
diffraction(33.9%).
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Figure 1 Structure of PAL-SLM.
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Figure 2 Diffraction efficiency of PAL-SLM.

3. LCD coupled PAL-SLM module
The XGA-LCD and the PAL-SLM were coupled by

a set of lens for 1:1 imaging. We designed a new set
of lenses so as not to transfer the pixel structure of the
LCD as shown m Fig.3. Therefore a surplus
diffraction light (diffraction noise) caused by the
pixelized structure was reduced to less than 3% by the
coupling optics, comparing with almost 50%
occurring in the LCD alone.

The transfer characteristic was measured. Uniform
patterns of each gray level were displayed on the LCD
and the amount of the phase modulation of the PAL-
SLM was measured as a function of the gray level.
The relation between the phase modulation and the

gray level was almost linear and more than 2> radian
modulation was achieved.

Diffraction efficiency of the device was also
measured as shown in Fig.4. The device has a high
diffraction efficiency of greater than 35% at the spatial
frequency of 10 lp/mm of binary (0, &) grating. Also
when a multilevel (0, 0.5n, n, 1.5w) grating was
written In the device, a diffraction efficiency of
greater than 70% at the spatial frequency of 10 lp/mm
was obtained.

940 - IMID '02 DIGEST

Figure 3 Readout images. (a)An output image

of the LCD alone. (b)An output image of the

module at 7 radian phase modulation. (c) An
output image of the module at 2r radian phase
modulation.
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Figure 4 Diffraction efficiency from binary
grating of the module.

4. Optical Computing

We have designed and constructed a compact Joimnt
Transform Correlator (JTC) system™ as shown in
Fig.5. It consists of a liquid crystal display (LCD) to
display the input image, two Fourier transforming
lenses, a PAL-SLM in the joint Fourier transform
plane, a CCD camera to detect the correlation signal,
and a laser diode(LD) as readout light source. The
parallelism of optical processing enables the system to
provide a correlation signal in less than 0.1 seconds in
the case the input image is 512x512x%8 bits. For the
first step, we have applied the correlator to fingerprint

identification.
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Figure 5 JTC system for fingerprint identification.

5. Optical interconnection :
We have realized a reconfigurable free space optical
interconnection module ®’ that connects LSI chips with
parallel optical input and output channels. Figure 6
shows the principle of the system. The interconnection

topology is reconfigurable by modifying a computer
generated hologram (CGH) written on a PAL-SLM,

and located at the Fourier plane of the module. The
appropriate interconnection topology can therefore be
built to meet the requirements of a given application.
For example, a light from an LD on LSI chip can be
transmitted to  several photo  diodes(PDs)
simultaneously.

6. Optical waveform shaping

Figure 7 shows the experimental results of laser
waveform shaping. In this application a computer
generated hologram (CGH) i1s designed with a
computer and 1s written in the SLM. The readout light
is modulated in the SLM as designed. A Gausian
shaped beam from a laser can be changed to a circular
shaped beam, a rectangular shaped beam, a star
shaped beam etc. without energy loss. This technology
can be applied to a laser processing system, a laser
printing system and so on.
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Figure7 Laser waveform shaping.
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7. Optical wavefront compensation

Figure 8 shows the experimental system for a wave-
front compensation. Distorted optical wave cannot be
focused at a focal plane of a lens. By detecting the
distortion with an interferometer and operating the
PAL-SLM by the signal from the interferometer, the
optical wave front is corrected and can be focused as
shown in the photograph in Fig.8. This technique” can
be applied to laser processing, a telescope®, and vision
science” such as ophthalmology and so on.
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Figure8 Optical wavefront compensation.

8. Conclusion

The optically addressed and electrically addressed
spatial phase only light modulators without pixelized
structures have been developed. These devices have a
sufficient phase modulation capability and a high
diffraction efficiency. We have demonstrated that
these characteristics are useful for several applications
where a two-dimensional optical phase control is
required. These continuous efforts will bring us to
realization of practical applications.
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