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Technical Objectives:

The principal objective of this project is to determine the most efficient means of encoding a
microwave/millimeter wave signal from a patch antenna onto an optical carrier in an electro-
optical substrate for subsequent optical processing of the microwave/millimeter wave signal.
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Approach:” "~
Our approach was to develop design models that would relate the performance of integrated
electro-optic devices to the fabrication parameters used in making them and then experimentally
verify their performance. Where lack of agreement was observed, the models were rethought
and modified to improve their predictive behavior. Such performance characteristics included
modal field distributions, propagation constants, coupling coefficients of channel waveguides and
coupling lengths of proton exchanged directional couplers. This information was then used to
design patch antennas and integrated optical modulators using various fabrication techniques and
substrates. Similar design methods were used to determine the depth of modulation of electro-

optic modulators. s

H

Accomplishments:

In order to achieve optically-controlled integrated millimeter-wave receiving phase arrays, single
sideband modulation of an optical carrier by an incoming millimeter wave must be performed.
Our research in this area began with the investigation of traveling wave structures used to obtain
90 degree phase shifts in millimeter wave signals. These structures consisted of slots in microstrip
lines and were analyzed using a numerical (moment method) program. A theoretical model
describing the interaction of a millimeter or microwave signal with an optical carrier was developed
and used to determine the optical depth of modulatic n. A strip dipole was fabricated onto one
arm of an integrated optical Mach Zender interferometer.

Modeling and fabrication of electrooptic devices in LiNbO3 was then initiated. This led to the
fabrication and packaging of microwave patch antennas in LiNbO3 with 50 ohm microstrip feed-
lines. Eventually coplanar dipole antenna electrodes for electrooptic modulators were designed.
modeled. fabricated and tested. It was determined that the most efficient way to couple the mi-
crowave signals to optical signals-was by use of 2 patch antenna, amplifier and resonant electrode
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integrated optical modulator. Finally a patch antenna fed resonant electrode single side band
integrated optical modulator was modeled, fabricated and tested.

A considerable amount of work has been done on the use of proton exchanged LiNbO3 and
LiTaO3 for electro-optic devices. It has been determined that fabrication of optical waveguides
using proton exchange produces a larger effective index change than standard Ti indiffusion and
that LiTaOg3 devices have higher refractive index damage thresholds, allowing larger optical signals
to be transmitted.

The modal field distributions, propagation constants and coupling coefficients of channel waveg-
uides were calculated for various fabrication parameters and compared to experimental results.
Calculations were done by starting with the refractive index profile and then using the matrix
effective refractive index method with coupled mode analysis. Such straight forward modeling
techniques were used for such purposes in that they could be run at significantly faster rates of
speed with significantly less memory than more accurate techniques. Our purpose was to relate
actual experimental fabrication parameters to actual measured performance. The experimental
uncertainty greatly exceeded any round-off or truncation error due to our simple analysis tech-
niques. Similar calculations were done to verify the coupling length of proton exchanged and
annealed directional couplers as a function of thermal anneal time and device geometry.

Optical depth of modulation measurements of proton exchanged integrated optical modulators
with patch antennas and resonant coplanar waveguide electrode structures were made using the
swept frequency technique. Narrowband Mach-Zender electrode structures were fabricated with
proton exchange techniques and 100 percent depth of modulation was demonstrated at x-band
frequencies.

Alternative methods of generating microwave signals are also been investigated, including laser
locking and grid oscillators. By locking a slave laser to a master laser, an intermediate microwave
signal can be generated. Measurements on locking bandwidth and locking transients are being
carried out.

. Significance:

From our theoretical and experimental work, it has been shown that it is feasible to build a single
side band modulator for millimeter/microwave signals. Such devices will consist of patch antennas
used as resonant electrodes for electro-optic modulators. Optical processing using such devices
as Butler matrices, can be used to perform signal processing and beam forming of signals. Such
techniques require gain at each antenna element and provide both transmit and receive processing.
Techniques employing locked lasers can also be used for the transduction of antenna signals onto
optical carriers.

. Future Efforts:

A new electrode design consisting of a coplanar 3dB coupler for use in a single side band modulator
is currently being tested. Our efforts will continue to pursue alternative substrates for fabrication

of electro-optic devices, including LiTaO3 and LiNbOj3. For antennas being used in the receive oF

mode, active elements that will provide isolation from extraneous signals will be investigated.
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