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INTRODUCTION

This project seeks to implement a new technology for a novel solid state optical
shutter, which involves interfacing inorganic semiconductor and electrodes made
therefrom to conducting polymers in a solid state assemblage. The well-known
electrochromic switching properties of the conducting polymers are utilized in
this technology in a novel manner. The inorganic semiconductors, activated by a
laser or other high intensity radiation, transfer charge to or from the
conducting polymers, causing them to switch. Since the semiconductor activation
and charge transfer and thus assemblage switching occur in the sub-ns or ns time
region. The present project sought to practically implement previous, initially
positive results.

OBJECTIVES OF THE RESEARCH EFFORT

1) Evaluate existing conducting polymers (CPs) synthesized earlier in these
Jaboratories as well as selected, limited new CPs for incorporation into
SC/CP optical shutters. Improve processibility of CPs if necessary.
Evaluate selected semiconductor (SC) materials for matching to CPs.

2) Fabricate prototype SC/CP devices with components selected from objective
1), and evaluate under pulsed laser radiation. Evaluate switching rise and
fall times, thresholds, efficiencies, Visible and NIR laser frequencies
will be used.

3) Test prototype devices for switching under CW laser and high-intensity,
non-laser optical radiation. Visible and NIR frequencies will be used.

In accordance with the above objectives, the following tasks were initially
formulated for the work:

Task 1: Electrosynthesis, Characterization, Evaluation of CPs, SCs
Task 2: Testing, Charactarization of Prototype SC/CP Optical Shutters

Under Pulsed Laser Radiation

Task 3: Testing, Characterization of Prototype SC/CP Optical Shutters
Under CW Laser and High-Intensity Optical Radiation
Task 4: Final Report.

HORK CARRIED OUT AND RESULTS

Work was carried out with the conducting polymer (CP) poly(diphenyl amine)
(P(DPA)), shown in initial tests to be very effective in laser activated
switching, and the semiconductor (SC) selenium (Se). Electrosynthesis of new
batches of P(DPA) to specifications required in SC/CP interfaces has been
completed. In this, several new procedures were used. In one such procedure, &
ca. 0.2 M electrolyte concentration and 0.4 M monomer (DPA) concentration was
used with pyrolytic graphite electrodes set at +4.95 V under strict deoxygenation
over a 3 hr period to obtain highly soluble conducting polymer. The polymer was
then reprocessed by ballmilling with glass beads in toluene for a ca. 3-hr
period, dried at 65 °C for 2 hrs., The polymer's conductivity could in this manner
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be adjusted from very small to ca. 165 S/cm. Its redox cyclability also improved,
making it highly amenable to incorporaticn into SC/CP interfaces.

We also further enhanced the stability and adjustable conductivity of the
conducting polymer via doping with Br” ion using elemental bromine directly. The
semiconductor Se used during this period was prepared in the form of thin films
deposited on glass or quartz substrates of microscope-slide dimensions. Se has
a bandgap suitable for activation at 532 nm (doubled Nd:YAG). The deposition was
effected by thermal vacuum evaporation in our Denton Vacuum, Inc. Model 502-A
deposition apparatus. '
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SC/CP devices were prepared by spin coating of the P(DPA) from its ball milied
preparation as described above. These devices were then tested for optical
switching efficiency employing the apparatus shown in Fig. 1. In the procedure
used, the rest-state optica) density (0D) of the device was first measured at 532
nm, The incident laser energy, [ , was then set to a prescribed level at the
power meter, without any sample introduced. The sample was then introduced, and
the transmitted energy, I, at the power meter measured. From these, the OD under
laser activation, 0D,,.,., was calculated. The optical switching efficiency 1s

then calculated as:

A0D = ODhser - ODrut coee e (1)

A number of Se/P{DPA) SC/CP samples were tested. At an I_= 0.5 mJ/pulse a ca.
100 nm P(DPA)/25 nm Se sample yielded a 400 of 0.48, while the same sample
yielded a 40D of 0.30 at I = 1.0 mJ/pulse, indicating possible sample ablation
at the higher laser intensity. A similar sample with nearly identical Se/P(DPA)
thicknesses but treated with electrolyte beforehand yielded corresponding 400's
of 0.18 at I = 0.5 mJ/pulse and 0.20 at [ = 1.0 mJ/pulse, indicating that sample
ablation could be partially avoided by pre-treatment with electrolyte.

Additionally, we set up a more accurate testing apparatus, as shown in Fig. 2.
In this pump-and-probe setup, the sample OD at any specific wavelength from 400 -
ca. 900 nm was monitored by a Xe-flash lamp before and after pumping by the
laser at 532 nm. This setup and its actual use will be described in more detail
in subsequent reports.

We also carried out very promising studies with the previously electrosynthesized
conducting polymer poly(diphenyl amine) (P(DPA)) and the semiconductor Se. The
Jatter is deposited via thermal vacuum evaporation as a thin film (ca. 100 nm or
less) on a glass slide substrate. The polymer, doped with either Br  or BF,, was
deposited on the semiconductor via spin coating. Initial studies with single
crystal CdSe were also carried out.

The testing of these samples was carried out with the apparatus shown in Fig. 2.
In this pump-and-probe setup, the sample 0D at any specific wavelength from 400 -
ca. 900 nm is monitored by a Xe-flash lamp before and after pumping by the laser
at 532 nm. The laser-attenuation efficiency is then characterized, as described
above (Eq. 1).

Salient results from these tests are tabulated in Table [ below:

A1l samples listed in the table showed excellent ablation resistance. However,
some damage was observed at the highest energy used, 1.0 mJ, evidenced via an
increase in the Rest OD from 0.456 to 0.476.

We also completed initial studies with the semiconductor single-crystal Si,
procured in the form of commercial cells, tested with all usable conducting
polymers, which showed promise.
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Studies with single crystal CdSe were not promising primarily due to the large
thickness of the CdSe hampering signal received. Additionally, several other
SC/CP systems were studgied. Resulsts from these are summarized in Table II:

TABLE I: Salient results from laser-attenuation testing of the samples listed,
employing the apparatus shown in Fig. 1. Laser: 532 nm, Q-switched, pulsewidth
2.5 ns, 10 Hz. Probe (monitoring) wavelength- 650 nm.

Sample Laser intensity, 40D
mJ/pulse

P(DPA)-Br'/Se,

Rest OD= 0.456 0.1 md 0.3
0.25 0.6
0.50 1.05
1.0 1.1

P(DPA)-BF,",/Se

Rest 0D= 0,234 0.1 0.2
0.25 0.3
0.50 0.41
1.0 0.51

P(DPA)-Tos /CdSe 0.1 0.2%
0.25 0.35
1.0 0.62

TABLEZII:Additional SC/CP systems tested. Pulsed laser energy at 532 nm = 1.3
mJ/cm® per pulse, 10 Hz, othe rparameters as before, *C= chemically polymerized,
*EC= electrochemically polymerized. P= poly.

Sample 400
8 mg A1Sb + 5.6 mg *C P(DPA) 0.56
8 mg AI1Sb + 5 mg *EC P(DPA) 0.99
8 mg A1Sb + 3.2 mg P(ANi), redcd. 1.06

CdSe + 2 mg P(diphenyl benzidine) 0.42
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Laser pump-and-probe transient absorption data obtained in our related, prior

work on the systems in Table Il showed broad band transient abosrptions across
the 400 - 900 nm region with fall times of ca. 100 ns (sub-ns risetimes).
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VER N N

New discoveries- The SC/CP phenomenon described above is a new discovery, but
is not patentable in its present form.

SUMMARY

The overall conclusion for the work appears to be that much additional work is
needed, especially on a scientific level probing the physical aspects of the
phenomenon, before practical devices can become feasible,




