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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ELECTRIC FIELD QUENCHING OF THE PHOTOLUMINESCENCE OF ZnQ PELLETS

Glnter Petermann

ABSTRACT A
The influence of an electric field on the pﬁoto]uminescence of pressed
Zn0 pellets was investigated. A quenching of tHe luminescence intensity was
found. Suggeﬁtions are made to improve the original luminescence intensity

and use this effect in practical applications.



ELECTRIC FIELD QUENCHING OF THE PHOTOLUMINESCENCE OF ZnQ PELLETS
Glinter Petermann*
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‘The quenching of photoluminescence by an eléctric field (Dechene

effect) has been observed for several inorganic]—4

and, to the author's
knowledge, for one organic (po]y—N—vinylcarbazo]e)5 maferialf The inorgahic
compounds are usually Zn and Cd sulfides, and the investigations have been
performed onvsing]e crystals as we11 as on polycrystalline thin layers.
The effect is explained in terms of a decrease in the electron density due
to the extraction of charge carriers from the illuminated surface by the
field.? |

The electric field induced}changes of zinc oxide ]uminescenée have
been observed by Filinski and Skéttrup,6 vho have used this effect to dis-
finguiéh between various types of exciton complexes at low temperatures.
Those investigations were confined to the ]uminescence in the narrow (360
to 380 nm) spectral range near‘the absorption edge of Zn0. In addition
to this blue emission, zinc bxide possesses a broad green emission band;
the relative intensity of both bénds is strongly dependent on the_doping
and on the preparation of the mqteria].7 The quenching of the green
Tuminescence by an electric field and its ré]ationship to the photocur-
rent has been reported in crystals of Z_nO.8 Since the energy efficiency
of the green ]uminescence in Zn0 can be father large (approximately 20%)9
and the obéerved effect is very bronounced (a few volts were sufficient

to yield extinction of the luminescence of these crysta]s), the development

of practical applications such as display devices seems to be feasible.
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Single crystals of Zn0 are rather difficult to obtain, - but the

technology for preparing large areas of Zn0 seems to be well established

1 Therefore it was of interest to compare the findings

(E]ectrofax paper) .
made on sing1e crystals of Zn0 to thin layers of po]ycrysta]liné material.
The most obvious method would have been to use Zn0 paper in the experi-
ments, especfa11y since its Zn0 coating shows a slight green luminescence
under ultraviolet i1lumination. However, it was not practical to use the
Electrofax paper because.of the necessity of making.eﬁectric contacts,
and a different arrangement was subsequently chosen for the preliminary
investigations. | o |
Zinc carbonate was calcined in air at 1000°C to.obtain the green

12 This material was pressed into pellets and contacted

f]uorescing Zn0.
with é wire on one side into which Indium had béen diffused by heating to
600°C to obtain an ohmic contact. The pellets were then mounted as elec-
trodes in an7é]ectrochemical cell, using a 1 M KC1 solution as the second
contact. - The lTuminescence was éxcited with a Xenon;]d:p.(Wave1engths |
range: 310 to 390 nm) and monitored with a'photomd1{ip1ier while a posi-
tive voltage of 12 volts was switched on and off to thé pei]et. Further
experimenté] detai1s.have been described in Ref. 13, wherezthe-samé
arrangement was used. |

The result of this experiment is shown in Fig: 1.  The application
of the_poéitive voltage leads to a'reduction (Tess than 1%) of the green
Tuminescence ihtensity of the Zn0 pellet. The time response is approxi-

mately equivalent to the time response of the recorder; as yet,fno attempts

have been made to.measure the real response time.
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The voltage necessary to achieve an effect is much hignher for the
polycrystalline thin layers than'it‘is for the single crystals of ZnO,B’]3
and the effect itself is rather small. Even the origihé]_]uminescence

of the pellets is much smaller, which is probably due to‘pressure

quenching]4 as a result of the preparation method. The change in the

- luminescence intensity when the voltage is applied seems to be restricted;

this 1is in contrast to the large reduction of the 1Um1nescence‘intensity
of the single crystals. However, the experiments have shown that the effect
also exists in thin layers of polycrystalline Zn0. Different preparation

methods for the Znd and the electrodes (e.g., reductive treatment after

N

calcining which increases the luminescence intensity ' and sintering of

the Zn0 powder onto a sQitab]e base) might result in properties equivalent

to those of the single crystals and lead to practical applications.
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FIGURE CAPTION

Influence of én electric field on the photoluminescence of

Zn0 pellets.
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Fig, 1
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




Id -
- b

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

-

- 3

e





