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FINAL REPORT FOR C()NTPACT N00014-78-C-()633
EXCITED-STATE PROPERTIES OF SEMICONDUCTOR ELECTRODES AND

THEIR APPLICATION TO OPTICAL ENERGY CONVERSION
ARTHUR B. ELLIS, PRINCIPAL INVESTIGATOR

Over the past seven years we have examined the

luminescent properties of a variety of n-type II-VI and

III-V semiconductor electrodes. Photoluminescence (PL)

from CdS:Te, CdSxSel-x (O<x<l), graded CdSxSel-x, ZnSe:Al

and GaAs electrodes can be quenched by applied potential

in aqueous chalcogenide electrolytes. For the spatially

homogeneous systems, quenching accords well with a

dead-layer model: electron-hole pairs formed within a

distance on the order of the depletion width do not

contribute to PL. The PL quenching properties thus afford

a means for mapping the electric field in the

semiconductor electrode. For the graded electrodes, PL is

color-coded to spatially resolve the recombination of

electron-hole pairs. All of these materials also exhibit

electroluminescence (EL) in aqueous peroxydisulfate

electrolyte. The graded samples can be used in the

construction of novel display devices exhibiting

patterned, multi-colored emission. More recently,

Schottky diodes, consisting of a thin layer of Pd on CdS

and on graded CdSxSel x samples, have been prepared. The

PL from these diodes is sensitive to H 2 : for the CdS-based

Kstructure, PL intensity changes are in accord with the

dead-layer model; for the graded CdSxSe_x-based

structure, the spectral distribution is altered. These

effects can be exploited for optically-coupled chemical

sensing using fiber optics. 8 5 1 2 3 0 .
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"Luminescent Photoelectrochemical Cells: Use of
* Tellurium-Doped Cadmium Sulfide Photoelectrodes to Probe

Surface Recombination during the Conversion of Optical
Energy to Electricity", A.B. Ellis and B.R. Karas, J. Am.
Chem. Soc., 101, 236 (1979).

Technical report no. 1 was published:
"Luminescent Properties of Semiconductor Photoelectrodes",
A.B. Ellis and B.R. Karas, Adv. Chem. Ser.,184, 185(1980).

Technical report no. 2 was published:
"Luminescent Photoelectrochemical Cells. 2. Doped Cadmium
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102, 968(1980).
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Processes in Photoelectrochemical Cells", Faraday Soc.
Chem. Discuss. 70, 165 (1980).

Technical report no. 4 was published:
"Thermal Manipulation of Deactivation Processes in
Luminescent Photoelectrochemical Cells Employing
Tellurium-Doped Cadmium Sulfide Photoelectrodes", B.R.
Karas, D.J. Morano, D.K. Bilich, and A.B. Ellis, J.
Electrochem. Soc., 127, 1144 (1980).

Technical report no. 5 was published:
"Luminescent Photoelectrochemical Cells. 4.

*Electroluminescent Properties of Undoped and
Tellurium-Doped Cadmium Sulfide Electrodes", H.H.
Streckert, B.R. Karas, D.J. Morano, and A.B. Ellis, J.
Phys. Chem., 84, 3232 (1980).

* Technical report no. 6 was published:
"Luminescent Photoelectrochemical Cells. 5. Multiple

Emission from Tellurium-Doped Cadmium Sulfide
*Photoelectrodes and Implications Regarding Excited-State

Communication", B.R. Karas, H.H. Streckert, R. Schreiner,
and A.B. Ellis, J. Am. Chem. Soc., 103, 1648 (1981).

* Technical report no. 7 was published:
"Effects of Temperature on Excited-State Descriptions of
Luminescent Photoelectrochemical Cells Employing
Tellurium-Doped Cadmium Sulfide Electrodes", A.B. Ellis
and B.R. Karas, ACS Symp. Ser., 146, 295 (1981).

Technical report no. 8 was published:
"Luminescent Photoelectrochemical Cells. 6. Spatial
Aspects of the Photoluminescence and Electroluminescence
of Cadmium Selenide Electrodes", H.H. Streckert, J. Tong,
and A.B. Ellis, J. Am. Chem. Soc., 104, 581 (1982).
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Technical report no. 9 has been published:
"Luminescent Photoelectrochemical Cells. 7.
Photoluminescent and Electroluminescent Properties of
Cadmium Sulfo-Selenide Electrodes", H.H. Streckert, J.
Tong, M.K. Carpenter, and A.B. Ellis, J. Electrochem.
Soc., 129, 772 (1982).

Technical report no. UWIS/DC/TR-82/1 has been published:
"Photoluminescence and Electroluminescence as Probes of
Interfacial Charge-Transfer Processes Relevant to Cadmium

USulfo-Selenide-Based Photoelectrochemical Cells", H.H.
Streckert, J. Tong, M.K. Carpenter, and A.B. Ellis,
Electrochemical Soc. 82-3, 633 (1982).

Technical report no. UWIS/DC/TR-82/2 has been published:
"Mapping the Efficiency of Electron-Hole Pair Separation
for a Semiconductor Electrode. Luminescent Properties of
Graded Cadmium Sulfoselenide Electrodes", H.H. Streckert
and A.B. Ellis, J. Phys. Chem., 86, 4921 (1982).

Technical report no. UWIS/DC/TR-82/3 has been published:
"Photoluminescence and Electroluminescence in Graded

* Cadmium Sulfoselenide Electrodes: Applications to
Photoelectrochemical Cells", M.K. Carpenter, H.H.
Streckert, and A.B. Ellis, J. Solid State Chem., 45, 51
(1982).

Technical report no. UWIS/DC/TR-83/l has been published:
"Excited State Processes of Relevance to
Photoelectrochemistry", A.B. Ellis, J. Chem. Ed., 60, 332
(1983).

Technical report no. UWIS/DC/TR-83/2 has been published:
"Photoluminescent Properties of n-GaAs Electrodes:
Applications of the Dead-Layer Model to
Photoelectrochemical Cells", W.S. Hobson and A.B. Ellis,
J. Appl. Phys., 54, 5956 (1983).

Technical report no. UWIS/DC/TR-83/3 has been published:
"Polarization Effects in the Luminescence of Cadmium
Selenide Electrodes", H.H. Streckert, H. Van Ryswyk, R.N.
Biagioni, and A.B. Ellis, J. Phys. Chem., 88, 1544 (1984).

Technical report no. UWIS/DC/TR-84/l has been published:
"Zinc Selenide Photoelectrodes. Efficient Radiative
Recombination in a Stable Photoelectrochemical Cell", P.M.
Smiley, P.N. Biagioni, and A.B. Ellis, J. Electrochem.
Soc., 131, 1068 (1984).

Technical report no. UWIS/DC/TR-84/2 has been published:
"Photoluminescent and Electroluminescent Properties of
Cd0 .9 5Mn0 .0 5Se Electrodes", A.A. Burk, Jr., A.B. Ellis, D.
Ridgley, and A. Wold, J. Lumin. 31/32, 969 (1984).



Technical report no. UWIS/DC/TR-84/3 has been published:
"Luminescent Properties of Graded Cadmium Sulfoselenide
Electrodes Prepared from Cadmium Sulfide Substrates", M.K.
Carpenter and A.B. Ellis, J. Electroanal. Chem., 184, 289
(1985).

Technical report no. UWIS/DC/TR-85/1 has been published:
"Photoluminescent Response of Palladium-Cadmium Sulfide
and Palladium-Graded Cadmium Sulfoselenide Schottky Diodes
to Molecular Hydrogen", M.K. Carpenter, H. Van Ryswyk, and
A.B. Ellis, Langmuir, 1, 605 (1985).

Technical report no. UWIS/DC/TR-85/2 has been published:
"Luminescent Properties of Semiconductor Electrodes", A.B.
Ellis, In "Chemistry and Structure at Interfaces: New
Laser and Optical Techniques", R.B. Hall and A.B. Ellis,
Eds., VCH Pub., 1986.

PATENTS AND PATENT APPLICATIONS

"Semiconductor Electrodes Having Regions of Graded
Composition Exhibiting Photoluminescence and
Electroluminescence", U.S. Patent 4,543,511 issued 9/24/85
to A.B. Ellis and H.H. Streckert. The invention has been
assigned to the Wisconsin Alumni Research Foundation.

"Semiconductor Electrodes Having Multicolor Luminescence",
U.S. Patent Application Serial No. 480,471 filed 3/30/83
by A.B.Ellis and M.K. Carpenter. The invention has been
assigned to the 3M Co. The application has also been
filed in Canada (3/29/84), Europe (3/28/84), and Japan
(3/29/84).

"Process of Etching Semiconductor Electrodes", U.S. Patent
Application Serial No. 628,825 filed 7/9/84 by A.B. Ellis
and M.K. Carpenter. A Notice of Allowance was received in
9/85. The invention has been assigned to the 3M Co.

"Diodes with Chemically-Sensitive Luminescence", U.S.
Patent Application Serial No. 712,799 filed 3/18/85 by
A.B. Ellis and M.K. Carpenter. The invention has been
assigned to the 3M Co.
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