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PREFACE

This project was initiated in the second quarter of FY85 with a primary
objective of providing the sponsor with implanted PLZT samples to use in his
experimental adaptive optics work. FY85 was characterized by a learning process
during which the hardware was adapted and characterization capabilities
developed. Samples implanted were intended to demonstrate capability by dupli-
cating work done previously at Sandia by Peercy and Land. The fiscal year
closed with the implantation capability having been successfully demonstrated,
but with few samples delivered.

The FY86 objectives were considerably more ambitious, and characterized
by a need to deliver usahle samples, Coatings task leader W. T. Pawlewicz was
added to the project team and charged with developing an optimum ITO coating,
investigating stress cracking hypothesized as being due to the ITQ coating
mechanical properties mismatch, and attempting to fabricate thin film PLZT.

Characterization task objectives emphasized duplicating the characteriza-
tion capabilities at Sandia so that comparisons could be made, but also defined
some areas in which additional characterization would be attempted.

This report is broken into sections written by task leaders Batishko,
Brimhall, Pawlewicz, and Toburen, and is intended to provide an overview of the
year's work, with selected data illustrating the most significant of the work.
Tables of samples produced and delivered are included.






SUMMARY

In fiscal years 1985 and 1986, the Pacific Northwest Laboratory (PNL)
conducted research into the preparation and characterization of ion implanted
adaptive optic elements based on lead-lanthanum-zirconate-titanate (PLZT)
technology. The objectives for FY 1985 were to acquire and/or adapt the neces-
sary hardware and acquire the experience needed to implant PLZT following

procedures provided by the sponsor and Dr. Cecil Land of Sandia National Labora-
tory.

The objectives for FY86 were to continue to develop the capability to ion
implant and coat PLZT, initiate implantations which would enhance the photo-
sensitivity and extend it to longer wavelengths, investigate stress behavior
which leads to sample cracking, prepare samples for delivery to the sponsor

for use in his research, and characterize the wafers for application as adaptive
optical elements.

At the end of FY86, accomplishments reflecting the status of the project
include: 1) a total of 25 samples have been prepared and delivered to the
sponsor for his research, 2} a total of nine different species or combinations
of species have been impianted, 3) stress cracking has been investigated and
found to not be.due to the ITO electrode coating as originally hypothesized,
4) a means of deducing implantation layer refractive index, thickness, and
density from transmission measurements was developed, and 5) a preliminary
experiment was conducted to deposit thin film PLZT. Detailed results and
data on the implantation process, characterization of the implanted and

electroded samples, and on the various stress experiments is included in the
report,

This report concludes with a brief summary of proposed FY86 tasks.






ABSTRACT

Research was conducted at Pacific Northwest Laboratory to develop high
photosensitivity adaptive optical elements utilizing ion implanted lanthanum-
doped lead-zirconate-titanate (PLZT). One centimeter square samples were
prepared by implanting ferroelectric and anti-ferroelectric PLZT with a variety
of species or combinations of species. These included Ne, 0, Ni, Ne/Cr, Ne/Al,
Ne/Ni, Ne/0, and Ni/0, at a variety of energies and fluences.

An indium-tin oxide (ITQ) electrode coating was designed to give a balance
of high conductivity and optical transmission at near UV to near IR wavelengths.

Samples were characterized for photosensitivity; fmplanted layer thickness,
index of refraction, and density; electrode (ITO)} conductivity; and in some
cases, residual stress curvature.

Thin film anti-ferroelectric PLZT was deposited in a preliminary experi-
ment. The structure was amorphous with x-ray diffraction showing the beginnings
of a structure at substrate temperatures of approximately 550°C.

This report summarizes the research and provides a sampling of the data
taken during the report period.
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DEVELOP TECHNIQUES FOR ION IMPLANTATION
OF PLZT FOR ADAPTIVE OPTICS

INTRODUCTION

Optical beams propagating through an inhomogeneous medium are aberrated
by point-to-point phase differences across the wavefront, resulting in decreased
efficiency in transmitting a focused beam through the medium. By introducing
equal and opposite phase differences into the transmitted beam before propaga-
tion, medium-induced phase differences will exactly cancel those introduced
at transmission resulting in formation of a diffraction limited focal spot.
Near real-time measurement of the medium-induced phase differences and subse-
quent correction may be accomplished with optical phase conjugation utilizing
adaptive optical components fabricated from fon implanted PLZIT. A sampling
beam passing through the medium interferes with a reference beam at the PLZT
wafer to form a hologram which stores medium-induced phase shifts. The beam
to be transmitted is used to reconstruct the hologram, introducing the compen-

sating phase shifts, and resulting in a diffraction limited focal spot at the
sample beam position.

The United States Air Force Weapons Laboratory at Kirtland Air Force
Base is funding this research at the Pacific Northwest Laboratory {PNL) in

support of the development of the PLZT adaptive optical components needed for
phase correction.

This research has focused on the ion implantation of PLZT to enhance the
photosensitivity at wavelengths of interest. 1In the process, related areas
of implantation-induced stress cracking, optically transparent electrode design,
and optical characterization of resulting samples have been addressed.

This report is an annual progress report which summarizes the research
during fiscal year 1986. It describes the processing of PLZT samples for a
range of implantation species and parameters and presents representative data
characterizing those samples. Finally, it presents conclusions reached by
analyzing and interpreting the data. In recommending the continuation of the
project, a set of objectives for fiscal year 1987 are presented.



CONCLUSIONS AND RECOMMENDATIONS

Through the course of the year, a number of conclusions were reached on
various aspects of the program. These are as follows:

» oxygen implants seem to show enhanced and flattened spectral photo-
sensitivities.

* the stress cracking earlier hypothesized to be due to a mismatch between
ITO and PLZT mechanical properties appears to be due entirely to
implantation-induced damage.

¢ producing thin film PLZT of the correct crystalline structure will

require elevated substrate temperatures and carefully controlled target
composition.

*» We recommend that funds be authorized and the project be continued
through FY87. We recommend that the implantation species and process
parameters continue to be investigated, and that an additional task
be added to the scope, to develop a model in support of the continued
research. In addition, we recommend increased emphasis on development
of the thin film PLZT deposition process, and subsequent implantation.

PROGRAM OBJECTIVE

The objective of this program is to develop techniques for the fabrication
of adaptive optical components with high photosensitivity using ion implantation
of Lanthanum-doped Lead Zirconate Titanate (PLZT) and sputtered transparent

electrodes, and to evaluate the samples produced for spectral photosensitivity,
contrast, and resolving power.

ADMINISTRATIVE SUMMARY

The funding level for this project under Amendment 1 to the original
proposal was $175,000. Figure 1 shows a time phased spending plan with both
estimated spending profile and actual spending shown. At the end of FY86,
approximately $5,300 remained unspent. It was anticipated that this amount






would be adequate to complete work in progress and prepare the annual progress
report.

Figure 2 shows a milestone chart for FY86. At the conclusion of FY86,
all milestones have been met with the exception of those postponed to allow
higher priority activities, installation of the bipolar power supply delayed
by procurement delays and changing priorities, and the delivery of this report.

Late in the fiscal year, Dr. Richard A, Craig was invited to join the team
contingent on definition of goals and funding for FY87. Dr. Craig will lead
a theory/modeling task to assist in more efficiently selecting implant species
for enhanced photosensitivity. As an introduction to the project, Dr. Craig
participated in the year-end review at PNL,

IMPLANTATION TASK

SUMMARY

Approximately 50 specimens of PLIT have been ion implanted during FY86.
Ions of neon, aluminum, chromium, nickel, nitrogen, and oxygen in various
combinations have been used. Both the type of ion and ion energy have been
varied in the multiple ion implants. In this report, the technique used in the
implantations is described, the expected damage distribution from the implanta-

tions is calculated, and a listing of all implants and the parameters is
presented.

EXPERIMENTAL TECHNIQUE

Prior to implantation, the 1" square sheet of PLZT is cut into four smaller
sheets 0.5" on a side. One side is coated with a thin (10 nm} layer of ITO
to dissipate charge build-up during implantation. Six specimens are mounted
on a copper block as shown in Figure 3 and held in place by clamping at opposite
corpers. The copper block is mounted on a rotatable shaft with vertical and
horizontal motion as well.

During implantation, the beam is aligned through the hole in the copper
block; this hole is exactly centered on the 1" x 1" face of the copper block.
Once the maximum current is aligned through the hole, the holder is rotated 45°
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TABLE 7.
FY 87 PROPOSED TASKS

Ion Implantation

1.1 routine implantation to provide the sponsor with samples for his
research

1.2 new implantations according to Land's recommendations to confirm ions
and parameters

1.3 implant multiple energy/fluence nickel and/or other active ions to
give a uniform damage profile to over 1 micrometer

1.4 1implant nitrogen and/or oxygen at multiple energies and fluences to
provide a uniform damage profile to over 1 micrometer, and result in
the ions being deposited at discrete depths

1.5 implant active ions or active plus fnert fons to greater than 3
micrometers

1.6 dimplant inert fons following thermal diffusion of various active ions

Coatings

1 provide routine coating services for all implantation
.2 develop the process for deposition and structural characterization
of thin film PLZT

.3 continue jnvestigating stress curvature effects as needed

2
2
2

Characterization

continue routine characterization

expand characterization to include measurement of MTF

investigate methods of reporting photosensitivity which are recognized
in the technical community yet meaningful for this work

investigate reflective phase conjugation

L L
(PN o

Cad
-y

Modeling

4,1 initiate studies to refine the Peercy-Land model to reflect results
of PNL implantations

4,2 1nitiate studies to form the basis for processing of thin film PLZT
for enhanced photosensitivity
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