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1. Introduction

Electroluminescent (EL) devices have high energy efficiency and
high device reliability against bending deformation. Therefore,
they can be applied not only in lighting and displays but also
in integrated devices requiring complex characteristics

(e.g., artificial skin for humanoid
robots).[1–6] Recently, the need for com-
plex-shaped automobile lighting or curva-
ture lighting is expanding, and interests
in stretchable EL lighting and stretchable
displays are also increasing. As such, the
demand for technologies that can cope with
the functional complexity of devices is grad-
ually increasing. Consequently, engineer-
ing of thin, bending-, or tension-resistant
devices, such as powder-based EL-device
films, has gained research attention. A
unique feature of powder-based EL devices
is that the light-emitting body within the
device remains undamaged even if the
device is expanded or compressed by bend-
ing. Recent studies have focused on various
form factors of light-emitting devices,
including flexibility and mechanical
attributes, with respect to the aforemen-
tioned characteristics of EL devices.[7–11]

However, these studies cannot be applied
directly to products due to limitations in

the materials and device size, which results in performance deg-
radation. High driving voltage and high frequency are required to
obtain practical brightness of EL devices at present.[12,13] These
factors also lead to high power loss, whose reduction is a chal-
lenge, thereby hindering the commercialization of a functional
EL technology, including flexible and stretchable EL display.
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Powder-based electroluminescent (EL) devices have attracted attention as a
technology for realizing flexible curved lighting or displays. However, low
efficiency is a challenge to overcome practical applications. Herein, the char-
acteristics of EL devices are analyzed according to the properties of an indium-tin-
oxide (ITO) electrode, and EL devices containing a Ag nanothin-film for efficiency
enhancement are reported. As the emission area of the as-prepared EL device
decreases, the power loss per unit area increases, resulting in a low device
efficiency. To decrease the power loss of the device, a several-nano meter-thick Ag
thin film is formed over a polyethylene terephthalate film to obtain 88% trans-
mittance and 10Ω sq�1 sheet resistance. An EL paste is printed thereon, followed
by upper electrode film stacking to fabricate an EL device with a sandwich
structure. Compared to an ITO film-based device with 40Ω sq�1 sheet resis-
tance, the as-prepared EL film device consumes less power and exhibits �12%
higher device efficiency. The possibility of powder-based EL film display by
playing pattern images on 9� 9 pixel arrays formed on Ag nanothin-film elec-
trodes is confirmed. It is believed that the present results promote practical
research on future devices, including stretchable and bendable EL displays.
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To address these, the following approaches can be mainly
adopted: 1) quantum-efficiency improvement, 2) optical struc-
ture optimization, and 3) electronic circuit optimization.[14–17]

First, the quantum efficiency of EL devices can be increased
by increasing the recombination rate of the electron–hole pairs
generated in a phosphor.[18–20] In contrast, the efficiency
decreases when electrons and holes are captured by vacancies
or surface defects in the phosphor before recombination.
According to the research results so far, such surface defect for-
mation can be significantly controlled by coating the surface with
a high-bandgap material, such as SiO2, and thus the efficiency
can be improved.[21,22] The dielectric properties of the device
components also significantly influence the luminance of the
EL device.[23,24] The luminance can be improved by increasing
the dielectric constant of binder materials and by inserting a
dielectric layer between the phosphor layer and electrode. In the-
ory, EL luminance is proportional to the dielectric constant of the
device.[25] Structural optimization, another effective method, can
reduce light loss due to internal scattering and, consequently,
increase the device luminance efficiency. In a previous study,
we proposed a novel structure that adapted retroreflective
electrodes at the bottom layer, enhancing brightness up to�1000
cdm�2.[26] However, further improvements in terms of device
efficiency are required for the practical application of the device
because devices implementable in products may cause perfor-
mance degradation owing to the limitations imposed on the
materials and device size. In particular, electrodes significantly
affect the power loss and device performance degradation.
The current injected into the device is limited according to
the electrode area, and the voltage drop varies depending on
the resistance, which affects the efficiency of the device. In order
to overcome these challenges, an approach from the material
point of view is required, and Ag-nanothin-film-based transpar-
ent electrodes can be considered as a candidate material with a
performance comparable to that of indium-tin-oxide (ITO) elec-
trodes.[25] However, transparent Ag thin films are difficult to
deposit on a flexible substrate because Ag has a higher surface
energy than base films such as polyethylene terephthalate (PET),
it grows in an island mode when forming a thin film. To achieve
high transmittance, a film with a thickness of several nanometers

must be formed through layer-by-layer growth.[27] According to
recent study, the formation of a high-surface-energy acrylic seed
layer over the organic film substrate would induce layer-by-layer
growth of a Ag thin film. Consequently, a flexible transparent
conducting film with a low resistance of �10Ω sq�1 and a high
transmittance of ≥85% can be fabricated.[28,29]

In this study, we examined the effects of an ITO electrode on
EL device efficiency. Then, by incorporating a low-resistance
alternative electrode of a transparent Ag nanothin film with
10Ω sq�1 sheet resistance, we increased the efficiency of the
EL device by �12%. Such an Ag thin film electrode has a very
important meaning in terms of technology that can implement
very low resistance to reduce signal delay of display pixels and
increase device efficiency. Through the driving of individual
pixels patterned on the Ag nanothin film electrode, we
displayed pattern images and moving pictures to test their
feasibility.

2. Results and Discussion

2.1. Efficiency Variation with Emission Area

First, to evaluate the change in efficiency according to the elec-
trode size, we prepared an EL film device with an area of
1600mm2 using an ITO-coated PET film substrate having
100Ω sq�1 sheet resistance. The device was then cut into sizes
of 200, 400, and 800mm2, and the consequent changes in emis-
sion characteristics were investigated. The devices were operated
under a high-efficiency condition of 100 V@600Hz to precisely
verify the characteristic change according to the emission area of
the EL device. The average luminance of the samples was 26.5 cd
m�2, as shown in Figure 1. The luminance per unit area of the EL
device did not fluctuate significantly with the device size, and the
deviation was within 10% of the average. However, the current
density in the device changed significantly with the emission
area. As shown in Figure 1a, the current density decreased with
increasing device area.

In the 200mm2 device, the current density was 2.2 Am�2;
when the device area was increased to 400, 800, and
1600mm2, the current density decreased to 1.9, 1.8, and

Figure 1. Effect of the electrode on the EL device performance. Changes in the a) current density and b) device efficiency according to the device size.
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1.4 Am�2, respectively. The emission area variations may alter
the amount of charge injected into the electrode, resulting in cur-
rent density variation. We consider this to be directly related to
the reduction in power consumption caused by the electrical wir-
ing and electrodes, attributed to the increase in the light emission
area. Therefore, the device efficiency increased relatively from
�42%, as shown in Figure 1b.

2.2. Efficiency Variation with Electrode Resistance

The device efficiency can also be affected by the resistance of the
EL device, which is attributed to its components—the transpar-
ent electrode and metal wire. Because the resistance of the trans-
parent electrode is higher than that of the metal wire, the
resistance of the device is mainly determined by the transparent
electrode. To gain further insights, we fabricated 50� 50mm2-
sized EL devices with different resistances, using ITO films with
40, 100, and 300Ω sq�1 sheet resistances. The efficiencies were
then compared. Figure 2 shows the results of the experiment per-
formed under high-brightness operating conditions, which are
applicable for practical use. As the sheet resistance increased from
40 to 300, the efficiency decreased relatively by 23%. This result
indicates that the EL device efficiency significantly depends on the
resistance of the electrode. Thus, the EL device efficiency can be
enhanced by decreasing the resistance of the electrode.

However, manufacturing a flexible transparent conducting
film with a low sheet resistance using ITO is challenging because
a high concentration of indium (In) metal, a rare earth metal, is
required to achieve low sheet resistance. Furthermore, the heat
treatment must be conducted at high temperatures, which
cannot be withstood by the organic substrate.[25] Therefore, to
solve this problem, we prepared EL film devices using a conduct-
ing PET film, over which a transparent Ag electrode was formed
by sputtering.

2.3. Optoelectronic Properties of EL Device with Ag Electrodes

Figure 3a shows the cross section of an EL film device sand-
wiched in a single light-emitting layer. Because of the adoption
of a Ag-nanothin-film-based PET film as the substrate, the

light-emitting characteristics are unaffected even if the device
is bent or distorted (Figure 3b). A single-layered light-emitting
device in which a transparent electrode is applied to the upper
and lower electrodes exhibits double-sided light emission.
This feature facilitates the visualization of the display screen
from both sides, leading to potential variety in product
applications. In addition, the luminescent and nonluminescent
images in Figure S1a,b, Supporting Information, indicate that
light entering from the rear surface of the single-emission-layer
device may pass through the interparticle gaps.

This implies that transparency can be imparted to the device,
enabling a transparent display based on the degree of particle
filling. In this study, the device was fabricated with 70% filling
density to avoid transparency; the characteristics were evaluated.
As shown in Figure 3c, the luminescence intensity increased
with the operating frequency and driving voltage. This is because
a voltage increase affects the number of electron–hole pairs
generated in the phosphor, and a frequency change affects the
electron–hole pair generation and recombination process. As
shown in Figure 3d, unlike the luminescence intensity, the effi-
ciency, which is the amount of power used for electrolumines-
cence with respect to the applied power, first increased and
then decreased rapidly with increasing voltage. The intensity
depends on the number of generated electron–hole pairs and
the recombination rate; moreover, it significantly depends on
current decrease in the light-emitting layer, attributed to factors
such as Joule heat. The generation of an electron–hole pair in
the emission layer is proportional to the number of electrons that
break the ionic bond and get excited, which increases with voltage.

The current, luminance, and voltage characteristics of the EL
device are presented in Figure 4a; it better depicts the factors
influencing the efficiency. In the low-voltage region, the device
exhibits linear I–V and luminance–V relationships, implying the
suitability of the proposed mechanism. In the high-voltage
region (>150 V), the current increased exponentially. This is
attributed to the increase in the number of electrons accumu-
lated in the dielectric layer due to voltage increase, leading to
an increase in the leakage current directly flowing from the
cathode. Therefore, as the voltage increased, the leakage current
increased exponentially but the luminance increased linearly,

Figure 2. Effect of the sheet resistance of the transparent electrodes on the EL device performance. Changes in the a) current flow and b) device efficiency
according to the sheet resistance. The EL devices were operated at 192 V@5 kHz.
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thereby decreasing the efficiency. Figure 4b shows the change in
efficiency according to frequency. As the frequency increases, the
efficiency decreases, which is mainly due to the decrease in
the dielectric constant of the composite constituting the device
(see inset of Figure 4b) as the frequency increases.[30]

2.4. Efficiency Improvement

The performance of the devices based on ITO and transparent
electrodes was compared, as shown in Figure 5. As explained

earlier, the power was linearly dependent on the driving voltage,
whereas the efficiency reached amaximum at 70 V and decreased
with the driving voltage therefrom regardless of the electrode.
Upon introducing the transparent Ag electrode, the efficiency
of the device improved drastically under the applied driving
conditions.

The efficiency plot indicates that the device based on the trans-
parent Ag electrodes consumed lower power to achieve the same
luminance than that based on the ITO electrode; thus, it
showed �12.8% higher efficiency. This can be interpreted as

Figure 3. Single-layered EL film device based on Ag-coated PET films: a) cross-sectional image, b) bending emission image, variations in the c) intensity
and d) efficiency at various frequencies according to the driving voltage.

Figure 4. Optoelectronic property of EL device films. Variation in a) current and luminance with driving voltage (frequency= 5 kHz), b) efficiency with
frequency at various driving voltages. Inset, dielectric constant with frequency.
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an efficiency improvement due to reduction in the power loss,
ascribed to the device components such as transparent electro-
des; the remaining power directly contributes to electrolumines-
cence when low-resistance Ag is employed as the electrode. And
an important point in display applications, this electrode can be
formed as a signal line with a narrow width.

2.5. Colorimetry

When the emitted light passes through the electrodes, it induces
a wavelength shift. This can be visualized as a change in the color
of emission, which is instrumental in the application of transpar-
ent Ag electrode-based EL devices to displays and lighting. To
this end, we investigated and compared the color shifts in the
samples using Ag and ITO electrodes according to the frequency
and driving voltage. As shown in Figure 6a, the emitted light
exhibited main peaks at 452 and 498 nm, corresponding to
ZnS:Cu and ZnS:Mn emission centers, respectively, and the
intensity of 452 nm peak further increased with the frequency.
This is a general characteristic of ZnS-based powder EL and
is not attributed to the incorporation of the Ag electrode.[31] In
the device fabricated with an ITO electrode with 40Ω sq�1 sheet
resistance, the color of the emission shifted to deep blue with
increasing frequency and to pale blue with increasing voltage
(Figure 6b,c, respectively).

Additionally, as shown in Figure 6d, same color characteristics
were observed at 1 and 5 kHz for the samples prepared with ITO
electrodes with 300 and 100Ω sq�1 sheet resistances. Because
the color shift is based on the change in the refractive index,
no color shift can occur for the electrodes of the same material.
Furthermore, almost no color change is observed in the device
using the transparent Ag electrode. This could be due to the

Figure 5. Device efficiency of the EL film device prepared from Ag-coated
and ITO-coated PET films.

Figure 6. Colorimetry results of the EL film device under various operating conditions. a) Emission peaks at various frequencies and driving voltages,
b) color gamut of the emission peaks, c) color shift in the sample using an electrode film with 40Ω sq�1 sheet resistance according to the frequency and
voltage, d) color shift with the sheet resistance of the transparent electrode.
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application of the nanothin film, which cannot induce any appre-
ciable change in the refractive index of the electrode.

2.6. Display Evaluation

The responsiveness of pattern pixels is an important factor for
display applications. In the EL film device with a relatively large
gap between electrodes, individual pixel driving has not been
reported so far.

We fabricated passive-type displays with 9� 9 pixel arrays to
determine if individual pixels are driven in a multipixel structure,
thereby to evaluate their application scope in displays and light-
ing. Figure 7a shows an image in the bent state of the display
fabricated with 50� 50mm2 area, and Figure 7b shows the
full-surface emission image. In addition, the “DGIST” letter pat-
tern (Figure 7c) and moving picture (Movie S1, S2, Supporting
Information) were displayed upon operating individual pixels.
Although crosstalk was partially observed between pixels owing
to the implementation of a common electrode in the device struc-
ture, this can be overcome through further improvements in the
driving scheme. These results well substantiate that powder-
based EL film devices can be developed for both flexible lighting
and self-luminous flexible display technologies.

3. Conclusions

The efficiency of powder-based EL devices increased with the
light-emitting area owing to the decrease in the power loss
per unit area. The resistivity of the electrode is another
factor influencing the efficiency, motivated by which a high-
transparency low-resistance electrode based on Ag was applied.
Consequently, the efficiency of the device was improved by
more than 12% in relation to that of the device employing the
ITO electrode. Furthermore, we demonstrated the effective
driving of a pixel array composed of EL devices by display
fabrication.

4. Experimental Section

EL Paste Synthesis and Device Fabrication: Powder-based AC-driven EL
devices can be manufactured by sequentially printing a phosphor layer and
a dielectric layer on an electrode. The incorporation of the dielectric layer
into the phosphor layer can result in a simpler single-layer structure.[26] In
this study, we prepared a single-layered EL-device film by printing a UV-
curable EL paste on conducting film substrates. The EL paste was prepared
by mixing ZnS (Cu, Mn) particles (30 μm, Osram Silvania) and BaTiO3

particles (1 μm, Sigma-Aldrich) in a 9:1 weight ratio, followed by blending
with a photoacrylic monomer in a 7:3 weight ratio. Then, 4 wt% photoi-
nitiator was added to induce photocuring of the monomer. Commercially
available ITO-coated PET films with 40, 100, and 300Ω sq�1 sheet
resistances were used as substrates to investigate the effects of sheet
resistance on the device performance. Additionally, a device with a Ag-
coated PET film (MSWAY Co. Ltd.) with 10Ω sq�1 sheet resistance and
88% transparency was prepared and its performance was compared to
that with a ITO-coated film.

For device fabrication, the substrate was first cleaned in an ultrasonic
bath with acetone and alcohol for 10min each and then dried. As shown in
Figure S2a, Supporting Information, a photocurable EL paste was pre-
pared by blending the phosphor powder with a UV-curable binder. The
paste was then screen printed onto the Ag coating film to a thickness
of�30 μm (Figure S2b, Supporting Information). Subsequently, the upper
plate film was laminated thereon and irradiated with UV light (Figure S2c,
Supporting Information), thereby completing the EL device fabrication. To
fabricate the EL display, the EL paste was cured without laminating the
upper plate film. The pixel array for individual driving was deposited by
directly forming Ag electrodes on the cured EL paste via thermal evapora-
tion using a shadow mask. Patterns with a size of 4� 4 mm2 were
arranged at 1mm intervals on the mask.

Device Characteristics: Cross-sectional and emission images of the EL
device were captured in reflection and transmission modes, respectively,
through optical microscopy (EV-100, Nikon). The luminance and color of
the EL film devices were measured investigated using a homemade device
consisting of a function generator (DG-4202, RIGOL), a voltage amplifier
(HA-405, Pintek), a source meter (Model 2400, Keithly), and a spectror-
adiometer (PR-655, Photo Research). The experiments were conducted
in the frequency range of 1–5 kHz and the driving voltage range of
0–192 Vrms.

Display Driving: The application of the driving signal to each pixel is
crucial to this implementation. Accordingly, we formed a pixel array by
thermally depositing 4� 4 mm2-sized Ag electrodes on the light-emitting

Figure 7. Photography of the EL film display with a 9� 9 pixel array. a) Bending image of the EL film display (50� 50 mm2), b) emission image,
c) “DGIST” letter pattern expressed by the EL film display.
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layer at 1 mm intervals to form a 9� 9 array. The driving signal was
configured to be supplied to individual pixels from the controller through
the bottom-pin contacts. “DGIST” letter pattern in Figure 7c was displayed
by taking a picture one character by one character using a 9� 9 pixel array.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.

Acknowledgements
S.Y. and S.K.L. contributed equally to the work. This work was partially
funded by the Basic Research Program of the Daegu Gyeongbuk
Institute of Science and Technology (DGIST, Program number:
23-DPIC-09) funded by the Ministry of Science and ICT.

Conflict of Interest
The authors declare no conflict of interest.

Data Availability Statement
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Keywords
Ag nanothin film, Ag transparent electrode, color shift, efficiency, EL film
display, powder-based electroluminescent devices

Received: October 23, 2022
Revised: March 9, 2023

Published online: April 2, 2023

[1] H. Cho, S.-H. Jeong, M.-H. Park, Y.-H. Kim, C. Wolf, C.-L. Lee,
J. H. Heo, A. Sadhanala, N. Myoung, S. Yoo, Science 2015, 350, 1222.

[2] X. Dai, Z. Zhang, Y. Jin, Y. Niu, H. Cao, X. Liang, L. Chen, J. Wang,
X. Peng, Nature 2014, 515, 96.

[3] Z.-K. Tan, R. S. Moghaddam, M. L. Lai, P. Docampo, R. Higler,
F. Deschler, M. Price, A. Sadhanala, L. M. Pazos, D. Credgington,
F. Hanusch, T. Bein, H. J. Snaith, R. H. Friend, Nat. Nanotechnol.
2014, 9, 687.

[4] C. Larson, B. Peele, S. Li, S. Robinson, M. Totaro, L. Beccai,
B. Mazzolai, R. Shepherd, Science 2016, 351, 1071.

[5] J. Wang, C. Yan, K. J. Chee, P. S. Lee, Adv. Mater. 2015, 27, 2876.
[6] J. Yoo, S. Li, D. Kim, J. Yang, M. K. Choi, Nanoscale Horiz. 2022, 7,

801.
[7] R. C. Webb, A. P. Bonifas, A. Behnaz, Y. Zhang, K. J. Yu, H. Cheng,

M. Shi, Z. Bian, Z. Liu, Y.-S. Kim, W.-H. Yeo, J. S. Park, J. Song, Y. Li,
Y. Huang, A. M. Gorbach, J. A. Rogers, Nat. Mater. 2013, 12, 938.

[8] B. Hu, D. P. Li, O. Ala, P. Manandhar, Q. G. Fan, D. Kasilingam,
P. D. Calvert, Adv. Funct. Mater. 2011, 21, 305.

[9] J. He, R. G. Nuzzo, J. A. Rogers, Proc. IEEE 2015, 103, 619.
[10] C. Yang, B. Chen, J. Zhou, Y. Chen, Z. Suo, Adv. Mater. 2016, 28, 4480.
[11] P. Tran, N. H. Tran, J. H. Lee, Sci. Rep. 2022, 12, 8967.
[12] C. Schrage, S. Kaskel, ACS Appl. Mater. Interfaces 2009, 1, 1640.
[13] F. Stauffer, K. Tybrandt, Adv. Mater. 2016, 28, 7200.
[14] J.-Y. Kim, S. H. Park, T. Jeong, H. J. Bae, Y. C. Kim, I. Han, S. Yu,

J. Mater. Chem. 2012, 22, 20158.
[15] E. Bringuier, J. Appl. Phys. 1991, 70, 4505.
[16] A. G. Fischer, J. Electrochem. Soc. 1962, 109, 1043.
[17] A. G. Fischer, J. Electrochem. Soc. 1963, 110, 733.
[18] Y. Cao, I. D. Parker, G. Yu, C. Zhang, A. J. Heeger,Nature 1999, 397, 414.
[19] P. S. Yuan, X. M. Guo, X. F. Qiao, D. H. Yan, D. G. Ma, Adv. Opt.

Mater. 2019, 7, 1801648.
[20] S. Kim, T. Kim, M. Kang, S. K. Kwak, T. W. Yoo, L. S. Park, I. Yang,

S. Hwang, J. E. Lee, S. K. Kim, S.-W. Kim, J. Am. Chem. Soc. 2012, 134,
3804.

[21] W. Park, B. K. Wagner, G. Russell, K. Yasuda, C. J. Summers, Y. R. Do,
H. G. Yang, J. Mater. Res. 2000, 15, 2288.

[22] B. Choi, H. Shim, B. Allabergenov, Opt. Mater. Express 2015, 5, 2156.
[23] J.-Y. Kim, S. H. Park, S. Yu, Electron. Lett. 2014, 50, 357.
[24] W. Qi, M. Liu, S. Chen, K. He, L. Zhao, B. Shen, X. Bian,High Voltage,

2022, 7, 1099.
[25] T. Minami, Thin Solid Films 2008, 516, 1314.
[26] H. Shim, B. Allabergenov, J. Kim, H. Noh, H. Lyu, M. Lee, B. Choi,

Adv. Mater. Technol. 2017, 2, 1700040.
[27] H. Heo, J. Sung, J.-H. Ahn, F. Ghahari, T. Taniguchi, K. Watanabe,

P. Kim, M.-H. Jo, Adv. Electron. Mater. 2017, 3, 1600375.
[28] H. Kang, S. Jung, S. Jeong, G. Kim, K. Lee, Nat. Commun. 2015, 6,

6503.
[29] H.-C. Kwon, W. Jeong, Y.-S. Lee, J.-H. Jang, H.-S. Jeong, S. Kim,

D. Song, A. Park, E. Noh, K. Lee, H. Kang, Adv. Energy Mater.
2022, 12, 2200023.

[30] J.-G. Hyun, S. Lee, S.-D. Cho, K.-W. Paik, in Proc. Electronic
Components and Technology 2005. ECTC’05, Lake Buena Vista
2005, p. 1241.

[31] S. H. Chung, S. Song, K. J. Yang, S. M. Jeong, B. Choi, Opt. Mater.
Express 2014, 4, 1824.

www.advancedsciencenews.com www.adpr-journal.com

Adv. Photonics Res. 2023, 4, 2200291 2200291 (7 of 7) © 2023 The Authors. Advanced Photonics Research published by Wiley-VCH GmbH

 26999293, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adpr.202200291 by D

aegu G
yeongbuk Institute O

f, W
iley O

nline L
ibrary on [04/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.advancedsciencenews.com
http://www.adpr-journal.com

	Efficiency Improvement in a Powder-Based Flexible Electroluminescence Device using Ag Nanothin-Film-Coated Transparent Electrodes
	1. Introduction
	2. Results and Discussion
	2.1. Efficiency Variation with Emission Area
	2.2. Efficiency Variation with Electrode Resistance
	2.3. Optoelectronic Properties of EL Device with Ag Electrodes
	2.4. Efficiency Improvement
	2.5. Colorimetry
	2.6. Display Evaluation

	3. Conclusions
	4. Experimental Section


