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Therole of the nano particles size on the electronluminescent devicesdriving

voltage
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The development of AC powder electroluminescent (ACPEL) devices containing phosphor
powders by metal nano particles is reported in this paper. In the synthesis of these devices ZnS
powder which is activated by a proper dopant like Cu, Cl, and Al, is used; these dopants are
colour transformers. Performance of ACPEL devices have been modified by using metal nano
particles (Cu in avrage size of 25nm) and Indium nano wires (100nm in diameter). The structure
contains a single layer of ZnS:Cu, Al (Cl) powder phosphor which is embeded in a ITO matrix
with one surface exposed. A layer of conductive nanostructures directly contacts the phosphor
layer. A highly intensified electric field can be induced in the phosphor region by the metal
nanostructures if a spesific voltage is applied to the device [1]. The Schematic diagram of the
fabricatad deviceis shownin Fig.1.

(a)

Au Electrodes In Nanowires

(b) Conductive Nanowires

zH aftidles n articles

ZnS Particles / Au Electrodes
/ :;_, f
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[ \ |

: \
Light ITO Supported transparent glass

Figure 1. Proposed nanostructured contact powder EL device.



In this paper, light emission intensity has been investigated by variation of the applied
voltage and temperature. Reasonable efficiency, high stability, easy and economical fabriction
method makes these devices a good choice for mass production.The brightest EL is offered by
ZnS-based electroluminophors, which are widely used in electron-beam tubes, optical
integrators, EL display panels, light sources, optical amplifiers, backlights, propagating signs and

other devices[2].

In the first part of our experiment, we developed an ACPEL device. A glass substarte coated
with an ITO layer, including a BaTiOs insulating layer as a dielectic (Dupont Luxprint®) was
deposited on the ITO substrate by the trundling method, ZnS:Cu (approximately 10 microns in
diameter) and Cu nano particles that sputtered on the insulating layer by a scalp (Mesh#400),
Indium nano wires, a homemade voltage source (0-300V and 50Hz) and a LX-1108 Lutron
Luxmeter was incorporated in the expriment. Several devices were fabricated by this method,
show a strong and uniform optical emission intensity (130 Lux) with blue and green colours
which is 50% stronger than the DREL lamps (95 Lux) at 50Hz and 220V driving voltage (Fig.2).

€Y (b)

Figure2.(a) fabricated devices with blue and green colours.

(b) A modified ACPEL device (left side) Compared to a mass produced DREL lamp (right side).

The conductive nanostructures can induce a highly intensified electric field and hence
generate more electron injection and finally cause avalanching phenomena in the phosphor.
Therefore, low average fields that are easy to produce can generate luminescent. NCPEL (Nano
Contact Powder Electroluminescent) devices have the potential for a lower operating voltage
with simultaneous long lifetime and high luminance. Using smaller metal nanostructures and
thinner layer of them causes lower threshold voltage (V) and luminescent with higher intensity



and uniform state. For example V, is 60V and 55V for metal particlesin 1micron and 25nm size

and is55V and 75V for thin and thick layer (25nm in diameter) respectively.

In the second part of our this paper, we studied a premade ACPEL device (DREL lamp from
ROGERS Co.) by relating the ambience temperature to emission intensity of device. First, a
DREL lamp was placed at different temperatures from liquid Nitrogen temperature up to 80°C.
Fig.3 shows the variation of optical emission intensity v.s the applied voltage at different
temperatures. It can be seen that threshold voltage decreases by increasing temperature which is
attributed to the band gap reduction due to the increasing the temperature. EL originates from
electrons absorbing energy from the electric field (at very low temperature) but they obtain a part
of the excitation energy from the ambience at higher temperatures. The curves show that when
the EL lamp is activated in elevated temperatures around 50°C, the optical intensity is saturated
at a specific voltage due to the domination of non radiative recombination processes. Increasing
temperature caused reduction in maximum luminescent and its voltage, because the phonon

diffraction decreases luminescent rapidly.

70
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F.g.3. Changes of intensity versus voltage in various temperature's diagrams.
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Abstract

Electroluminescence (EL) is a non-thermal emission of visible light from a crystal (or a
system of microcrystals) as a result of current flow or the application of an electric field.
Theoritically, the EL of inorganic materials is classified into the two groups: injection EL and
high field EL. The high-field EL can be further grouped into different types in terms of the
phosphors (powders vs. thin film) and of the driving voltage (DC vs. AC). Due to the
requirements for various applications, injection EL, (high intensity lighting-emitting diodes
(LEDs), for example,) have a wide application in LCD backlighting and are entering the lighting
market. Powder EL has long been used in nightlights and illumination panels since the middle of
the last century. Reasonable efficiency, high stability, easy and economical fabriction method
makes these devices a good choice for mass production. By using metal nanoparticles (Cu) and
nanowires (Indium), anovel ACPEL device has been developed in thisthesis. The novelstructure
contains a single layer of ZnS:Cu,Al(Cl) powder phosphor which is embedded in a ITO matrix
with one surface exposed. A layer of conductive nanostructures directly contacts the phosphor
layer. A highly intensified electric field can be induced in the phosphor region by the metal
nanostructures if a specific voltage is applied to the device. In the first part of our experiment, we
developed an ACPEL device. A glass substarte coated with an ITO layer, including a BaTiOs
insulating layer as a dielectic (Dupont Luxprint®) was deposited on the ITO substrate by the
trundling method, ZnS:Cu (approximately 10 microns in diameter) and Cu nanoparticles that
sputtered on the insulating layer by a scalp (Mesh#400), Indium nanowires, a homemade voltage
source (0-300V and 50HZz) and a LX-1108 Lutron Luxmeter was incorporated in the expriment.
Several devices were fabricated by this method, show a strong and uniform optical emission
intensity (130 Lux) with blue and green colours which is 50% stronger than the DREL lamps (95
Lux) at 50Hz and 220V driving voltage. Simulations of electric field by using software package
(FlexPDE) show that the localized electric field can be at higher than the average field depending
on the dimensions of the nanoparticles and nanowires. NCPEL (Nano Contact Powder
Electroluminescent) devices have the potential for a lower operating voltage with simultaneous
long lifetime and high luminance. Using smaller metal nanostructures and thinner layer of them
causes lower threshold voltage (V) and luminescent with higher intensity and uniform state. In

the second part of our this paper, we studied a premade ACPEL device (DREL lamp from



ROGERS Co.) by relating the ambience temperature to emission intensity of device. First, a
DREL lamp was placed at different temperatures from liquid Nitrogen temperature up to 80°C.In
order to investigate the effect of circumstances on the lifetimes, the DUREL lamps are studied in

90% and 16% humidity.
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