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QBJECTIVE

The objective of the present work is to develop
suitable quality and size doped and undoped
Sry_yBa,Nb,O, (SBN) single crystals or thin films that
can be used in optical device studies. The second
objective of this work is to develop a phenomenological
model to explain the correlation between the
ferroelectric and optical properties and thereby
possibly control and optimize the material performance

for device optical applications.

PROGRESS

The tungsten bronze Srl-xBabeZOG solid solution, .
0.75 =z x = 0.25, is important for various device
applications, specifically photorefractive and
electro-optic. Since the compositions Sr0.7sBa0.25Nb206
(SBN:75) and Sr0.63a0.4Nb206 (SBN:60) exhibit excellent
transverse electro-optic properties, these compositions have
been grown in optical quality. Recent developments in the
crystal growth area indicate that the growth of optical
quality Ce-doped SBN:75 and SBN:60 crystals is also
possible, and crystals as large as 2 to 3 cm in diameter
have been successfully grown. Both of these crystals
exhibit excellent photorefractive properties; typical

response time is 10 ms or better, and because of this fast

response these crystals are making a significant
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impact on various photorefractive applications such as
optical computing, image processing and phase conju-

gation. Furthermore, it has recently been shown that
the response of these crystals is sensitive to the Ce
site preference in the tungsten bronze structure. For

3+

example, when Ce was placed in the 12-fold coordinated

site, the response was in the visible; whereas the

response was extended to near IR when Ce3+

was placed in
the 9-fold coordinated site. This is a unique advantage
in the present work, and efforts are under way to
identify another suitable dopant which will extend this
response deeper into the IR region.

We have also successfully grown La3+-doped SBN:60
single crystals for pyroelectric detector applications
and they exhibit exceptionally large pyroelectric
coefficients at room temperature. The addition of 1.5

mole% La3+

in SBN:60 lowers T, to 359 ¢, and for this
addition the pyroelectric coefficient increa: by
nearly an order of magnitude. The quality of these
crystals is excellent for detector applications.

We have successfully grown ferroelectric tungsten
bronze SrzKNbSO15 thin films by the liquid phase
epitaxial growth technique on (001), (100) and

(110)-oriented SBN:60 substrates. Since the lattice
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match between the film and substrate is very close, the
quality of SKN films was found to be excellent in all
growth directions, and films as thick as 5 to 25 um have
been grown. Dielectric and electro-mechanical coupling
measurements show that the film quality and
ferroelectric properties are sufficiently promising for
surface acoustic wave and electro-optic device studies.
Further efforts are underway to establish the electro-
optic properties to determine the usefulness for optical
wave guide applications. This successful establishment
of this composition will open up a new avenue to develop
other tungsten bronze compositions which are difficult
to grow in the form of bulk single crystals. Since
Sr2KNb5015 single crystals exhibit large electro-optic

coefficient (ry; = 200 x 10712

m/V), this composition is
very important for various other electro-optic
applications.

Efforts are also under way to investigate the
optical applications for these films, specifically in
Guided Wave Optics, and according to these results the

necessary modifications in composition or growth

conditions will be made.

MAJOR EQUI¢MENT

None.

None.
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IRIPS AND VISITS

In February 1987, Dr. R. R. Neurgaonkar met
Professor Amnon Yariv of Caltech and had discussions
with him on future work.

In March 1987, Dr. R. R. Neurgaonkar met Drs. Dick
Reynolds and John Neff of DARPA and gave a briefing on
the current status of this program and outlined future
work.

In March 1987, Professor L. E. Cross of Penn State
University visited Rockwell for discussions on the DARPA

contract and future work was planned.
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FUTURE WORK

Continue to establish the optimum cerium concentra-
tion in the 12- and 9-fold coordinated sites needed to
improve the photorefractive response. The efforts will
be extended to grow optical quality crystals of
La3+—doped SBN:60 or SBN:75 compositions for pyro-
electric detector and optical applications. Continue to
improve the LPE technique to include different types of

bronze compositions.

FUNDING

Contract Estimated Cost $1,155,549
Fixed Fee $ 89,758
Total Estimated Contract Price $1,245,307
Current Contract Funding $1,245,307
Less Fee $ 89,758
Available Cost $1,155,549

Expenditure through 05/29/87 (Cost) § 404,313*%
Balance of Available Funds (Cost) $ 751,236

* Including $39,728 outstanding commitments
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