AD~A201 686

N. Brousseau and LW A Salt -

?" ?'ST!«‘%‘ ISHMENT OTTAWA
FMNICAL HOYE §3-24

"’Sérptembdf 1085
~“Mawa



. * National  Défense
Defence nationaie

DESIGN OF A HOLOGRAPHIC ILLUMINATION
SYSTEM FOR AN INTEGRATED-OPTICS
TIME-INTEGRATING CORRELATOR (U)

by

N. Brousseau and J.W.A. Salt
Communications Electronic Warfare Section
Electronic Warfare Division

DEFENCE RESEARCH ESTABLISHMENT OTTAWA
TECHNICAL NOTE 88-24

PCN September 1968
041LK11 Ottawa *




R I

-

ABSTRACT

The design and implementation of

a first prototype of a holographic

illumination system for an integrated-optics Time-Integrating Correlator (TIC)
are described. Correlation signals obtained with the TIC an the holographic

illumination system are shown.

RESUME

On décrit 1'élaboration et la construction d'un premier prototype d'un
systéme d'illumination holographique pour un Corrélateur a Intégration
Temporelle (CIT). Des exemples de signaux de corrélation produits par le CIT
et 1'illumination holographique sont présentés.
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EXECUTIVE SUMMARY

Special processors, such as optical Time-Integrating Correlators (TIC),
have the ability to provide certain information about spread spectrum signals
that may facilitate the initial aynchronization of the user to his code. A
TIC can be built using integrated-optic technology but the associated
fllumination system involves a lot of equipment and occupies a large space
because of the requirement to produce two wide aperture beams offset in angle.

This report describes the successful construction at DREO of a first
prototype of a compact illumination system for a TIC using holography. The
hologram produces after reconstruction, the illumination necessary to operate
the TIC, allows a dramatic reduction in size of the system and demonstrates
the feasibility of using holography for that type of applications. The
set-ups used to record and recoanstruct the hologram are described and the
operation of the TIC with the prototype hologram as an illumination system is
demonstrated.
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1.0 INTRODUCTION

Spread spectrum signals are a crucial part of code division multiple
access communication systems: they allow simultaneous utilization of the
system by many users without mutual interference. Each user utilizes a
personal, unique code that allows independent reception or transmission.
Special processors, such as optical Time-Integrating Correlators (TIC), have
the ability to provide certain iaformation about spread-spectrum signals that
may facilitate the initial synchronization of the user to his code.

A TIC can be built using bulk or integrated-optics acousto-optics
devices. The approach using the bulk devices leads to interferometric systems
that are large, made of many parts, difficult to stabilize and to package (see
Fig. 1). With the approach using integrated-optics technology, the
correlation module (see Fig. 2) itself is quite small but the associated
illumination system involves a lot of equipment and occupies a large space
(see Fig. 3) becuase of the requirement to produce two wide aperture beams
offset in angle.

A possible approach to reduce the size of the illumination system is to
use a modified Koster prism {[1,2] to produce the two beams. Such prisms have
to be custom built. Because of available resources, we chose a different
approach: we decided to build a conventional illumination system and to make
a holographic recording of the beams so produced. The hologram should
produce, after reconstruction, the illumination necessary to operate the TIC
and should allow a reduction in size (see Fig. 4) even more dramatic than with
a Koster Prism. This Technical Note describes the development of a proof of
concept and of a first prototype of a holographic illumination system for the
TIC built by BNR.

2.0 REQUIREMENTS FOR THE ILLUMINATION SYSTEM

The correlator module illustrated in Fig. 2 was produced under a contract
with BNR [3]. A bandwidth of 80 MHz centered at 400 MHz and an aperture of
25 mm were specified by DREO. The resulting Bragg angle between the two
cyclindrical beams is 6.2°. Direct coupling (sometime called 'butt" or
"end-fire" coupling), with a good efficiency, of two cylindrical He-Ne laser
beams (wavelength: 633 nm) in the TEo mode is required over the 25 mm length
of the TIC. The waveguide is made of indiffused Ti in LiNbOj3 crystal.

The amplitude of the field distribution of the TEo mode for a Ti:LiNbO3
indiffused waveguide with a Gaussian profile (4] is illustrated in Fig. 6.
Fig. 7 allows one to compare the profile of the TEo mode with the main lobe of
the amplitude distribution produced by a uniformly illuminated perfect
cylindrical lens whose effective aperture is varied to produce different
widths of the main lobe. All the calculations for the amplitude distributions
were normalized in such a way as to describe the situation encountered when a
particular beam-expander illuminates a lens whose effective aperture is varied
to produce different widths of the main lobe. The effective aperture of the
lens is controlled by a variable slit positioned between the beam-expander and
the lens (see Fig. 8). Thc total quantity of light in the main lobe then
depends directly on the width of the effective aperture of the lens.
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From Ref. 5, p. 89, direct focussing of a laser beam is the simplest
method of coupling light into a waveguide. In that case, the coupling
efficiency n is given by the overlap integral of the amplitude distribution of
the input laser beam A(x) and the amplitude distribution of the mode in the
waveguide B(x). A*(x) are the complex conjugate of A(x) and B(x).

2
i [IA(x) B*(x) dx] %

[IA(x) A*(x) dX] UB(x) B*(x) dx]

One can deduce from Eq. 1, that a good coupling efficiency is obtained when
A(x) and B(x) are similar. Indeed, a coupling efficiency of one is obtained
if A(x) is equal to B(x). The values of n associated with the coupling in the
TEo mode of the various amplitude distributions of Fig. 7 were calculated as a
function of the width between the first nuls of the light distribution (see
Fig. 9). A coupling efficiency of more than 50% was obtained for beam width
between .3 um and 2.5 pm. However, it is likely that the illumination will
not overlap the waveguide perfectly over its whole 25 mm length. This may
arise because the waveguide and its substrate are not perfectly flat or
because the illumination is slightly curved or because of a alignment errors.
Fig. 10 shows the coupling efficiency n when the waveguide and the
illumination are not perfectly aligned. One can notice that narrow
illumination patterns produce high coupling efficiency that drop quickly when
the illumination is not perfectly aligned with the waveguide. On the other
hand, wide illumination patterns lead to poor coupling efficiencies that are
quite insensitive to position errors. From the curves of Fig. 10, a 3 um wide
ilumination pattern seems to be a good compromise between good coupling
efficiency and alignment sensitivity.

3.0 CONVENTIONAL ILLUMINATION SYSTEM FOR A TIC

Previous approaches to the design of conventional illumination systems of
integrated-optics TIC were based on the utilization of two converging beams
focussed by two lenses onto the 25 mm aperture of the waveguide (see Fig. 5).
The angle between the two beams is 6.2° in our case. However, we decided to
focus the two beams with a single, larger lens (see Fig. 11). That method
provides automatic superposition of the focal lines if the twoincident beams
are aligned and thus avoids the situation where errors in the alignment of the
beams are compensated by errors in the alignment of the lenses. The lens has
to be one focal length away from the waveguide. It has also to be large
enough to let the two illumination beams through and still provides a 25 mm
overlap of the illumination beams at the waveguide. In order to produce a
3 um wide focal line, the lens should have an f number of no more than f/2.5
and be diffraction limited.
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4.0 PROOF OF CONCEPT HOLOGRAM

The feasibility of the concept of a holograpnic illumination system for
an integrated-optics TIC was demonstrated by a series of experiments performed
from January 1986 to September 1987. First, a hologram was recorded using the
geometry of Fig. 12. The cylindrical lens utilized in the set-up had a 50 mm
x 50 mm aperture and a focal length of 300 mm but it was not diffraction
limited: the width of the focal line was of the order of 20 um instead of the
expected 7.6 um. Because the f number of the lens was only f/8, the angle
between the two beams had to be set at 5.1° in order ot obtain a 25 mm
superposition of the beams in the focal plane. The reference beam was a plane
wave at 15° from the normal to the plate. The transmission holograms were
recorded on Kodak 649F emulsion on micro-flat plates. The holograms were
exposed, developed and bleached using the procedure published by Collier et
al. [6], p. 289-292.

The hologram was reconstructed (see Fig. 13) and evaluated. It was found
that the two beams had 5.2° between the two beams instead of the original
5.1°. That effect was attributed to emulsion shrinkage and changes in the
index of refraction of the emulsion. It was also found that higher order
images were present, thus contributing to a decrease in diffraction
efficiency. A possible solution to that problem is to increase the angle of
the reference beam. The width of the line produced by the hologram was
similar to the width of the line produced by the lens. Finally, the two beams
were coupled to a waveguide of Ti:LiNbO3 provided by BNR for testing
purposes. Ahtough the coupling of efficiency was low because of the large
size of the focal line, no particular difficulty was encountered.

5.0 SELECTION AND TESTING OF THE LENS

A lens should have a numerical aperture of at most f/2.5 in order to
produce a diffraction pattern with a width of 3 um between the first nulls.
The quality of the manufacture of the lens has to be sufficient to avoid
blurring of the focal line by aberrations and to produce a line of uniform
quality, straight to + 5 um. A diffraction limited, £/2.5 cylindrical lens
manufactured by Optics Plus Inc. was selected. The aperture of the lens is a
50 mm x 50 mm square, so that two illumination beams can be generated. It has
a focal length of 125 mm. The manufacturer specifies that the phase error
across the whole aperture of the wavefront is not more than A/4.

Upon delivery, the phase error distribution of the lens was tested at
three representative locations (see Fig. 14) by a technique described in Ref.
7 and previously utilized at DREQO [8]. A slight error of A/15 was found in a
small area, in one of the corners of the lens. Although the precision of the
phase error measurement was A/30, it is possible that the A/15 error was
produced by a phase error in the illumination rather than by the lens. No
effort was made to locate the origin of that very small error, the performance
of the lens being already more than satisfactory.

e,
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The distance d between the lens and the focal line as a function of the
angle of incidence © of the ray (see Fig. 15) was studied experimentally. The
results are illustrated in Fig. 16 and indicate that the position of the focal
plane varies considerably when the angle of incidence is greater than 1°. The
curve observed in Fig. 16 is, within the experimental error, symmetrical. The
characteristics of the lens illustrate. in Fig. 16 are a cause of difficulties
in the adjustment of the illumination system for the TIC. The angle between
the two beams could be 6.2° and at the Bragg angle with the TIC, but, if the
beams are not symmetrical relative to the normal to the lens, the two beams
will not focus in the same plane and thus simultaneous coupling of both beams
in the waveguide, with good efficiency, will not be possible.

6.0 CONSTRUCTION OF A FIRST PROTOTYPE HOLOGRAM

A first prototype of the holographic illumination system for the TIC
constructed by BNR was recorded using the set-up illustrated in Fig. 3. The
two illumination beams were carefully coupled into the waveguide and adjusted
to the Bragg angle at the center frequency of the correlator (400 MHz). A
transmission hologram was then recorded with the normal to the plate being
approximately the bisector of the angle between the reference beam and the two
object beams (see Fig. 17). That particular geometry is recommended (9) to
prevent discrepancies between the recording and reconstruction geometry caused
by the skrinkage and the decrease of the index of refraction of the emulsion.
The hologram was developed and bleached with the same process as the proof of
concept hologram. After processing, the hologram was put back in the holder
and reconstructed (see Fig. 18) with the laser beam that was used as a
reference at the recording stage. Then the two object beams were let through
and their registration with th reconstructed beams, on the wall, 10 feet away,
was perfect. That last point is particularly important because the two object
beams have been adjusted to the Bragg angle for efficient acousto-optic
interaction. If the two reconstructed beams were not exactly at the same
angle than the object beams, the efficiency would be diminished or even
non-existent. The diffraction efficiency of the hologram was 22%.

However, a few technical problems were identified after further
evaluation. The two focal lines produced by the hologram were neither
focussing in the same plane nor focussing at the same height. The angle
between the reference beam and the object beams was also too small: higher
order images were visible. Those three problems are easy to overcome by
slight modification and better adjustment of the set-up utilized to record the
hologram. Unfortunately, the power supply of the laser was destroyed by a
fire the day after the first recording and it was impossible to produce a
better hologram at that time.

Nevertheless, this first hologram was used to illuminate the TIC (see
Fig. 19) and, despite its shortcomings, produced the results illustrated in
Fig. 20. A RF power of 100 mW on each transducer and a laser power of 18 mV
were producing enough light to saturate the detector array. Under these
conditions, the observed correlation signal was somewhat noisier than the
signal produced by the TIC made of glass bulk Bragg cell [10], but the signal
was more stable.
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. 7.0 CONCLUSION
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A first prototype of an holographic illumination system for the TIC
constructed by BNR was built and its operation was demons:rated. The
recording of better holograms will take place as soon as the power supply of
the laser has been repaired. The utilization of a better hologram is expected
to improve considerably the light budget of the TIC and special attention is
going to be put on the production of low noise holograms.
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