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In many electro-devices, the vacuum process is used as the manufacturing process. However,
the vacuum process has a problem, it is difficult to apply to a continuous process such as a
R2R(roll to roll) printing process. In this paper, we propose an ESD (electro static deposition)
printing process has been used to apply an organic solar cell of thin film forming. ESD is a
method of liquid atomization by electrical forces, an electrostatic atomizer sprays micro-drops
from the solution injected into the capillary with electrostatic force generated by electric potential
of about several tens kV. The organic solar cell based on a PSHT/PCBM active layer and a
PEDOT:PSS electron blocking layer prepared from ESD method shows solar-to-electrical
conversion efficiency of 1.42% at AM 1.5G 1sun light illumination, while 1.86% efficiency is
observed when the ESD deposition of P3HT/PCBM is performed on a spin-coated PEDOT.PSS

layer.
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NOMENCLATURE

KV = applying kilo voltage into the nozzle

Q/o = dimensionless quantity to obtain sheet resistance
d =distance between capillary and corresponding
electrode

r. =outer diameter of capillary

1. Introduction

The word, “PEMS” stands for “Printed Electro-

Mechanical System” which is fabricated by means of

various printing technologies. Passive and active
components in 2D or 3D such as conducting lines,
resistors, capacitors, inductors and TFT, which are
printed with functional materials, can be classified in this
category. And issue of PEMS is applied to a R2R process
in the manufacturing process.

In many electro-devices, vacuum process was used
manufacturing process as conventional process. However,
Vacuum process is difficult to apply to the continue

process such as a R2R printing process. Besides, it causes
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a very high device manufacturing cost with processing
cost. Therefore, many developers have been interest to be
applied a continuous process with contact printing or
noncontact  printing

technology. Recently, many

researchers proposed a various continuous printing

processes instead of conventional batch coating processes.

In this paper, we propose an ESD printing process has
been used to apply an organic solar cell fabrication
process. ESD is a method of liquid atomization by
electrical forces. The atomizer nozzle is usually made in
the form of metal or glass capillary, which is biased by a
high voltage. The shear stress on the liquid surface, due
to the established electric field, causes elongation of a jet
and its disintegration into droplets. The droplets obtained
by this method can be extremely small, in special cases
down to nanometers. The advantage of ESD method is
that droplets are highly charged, up to a fraction of the
Rayleigh limit. The Rayleigh limit' is the magnitude of
charge on a drop, which overcomes the surface tension
force that leads to the drop fission. In Electrostatic
deposition process the droplet diameter (for dripping
mode) or spray (nano particles) depends on the applied
voltage. As the voltage increases the diameter of the
droplet decreases which help in fine thickness deposition
on the substrate.

2. ESD Printing Method

2.1 Introduce of ESD method

Electrostatic atomizer sprays micro-drops from the
solution injected into capillary, with electrostatic force
generated by electric potential of about tens of kV. Such
devices have been widely used in physics laboratories
since 1950s and as the ionizer for mass analyzers,
recently.” As shown in Fig. 1, the device consists of
capillary containing solution, corresponding substrate
electrode, and high voltage power source. High electric
potential applied to capillary generates extremely strong
electric field at the tip of the capillary by the focusing
effect of electric field. The electric field strength at the
end of the capillary can be calculated using following
formula.
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Fig. 2 A small area coating ESD system

where, Vc is a input high voltage, rc is outer
diameter of capillary and d is distance between capillary
and corresponding electrode. The field strength becomes
larger when the applied voltage is higher and the outer
diameter of capillary tip is smaller.

Fig. 2 shows a small area coating ESD system. ESD
de-vice incorporates a capillary holder, a guide ring,
guiding gauze, Teflon shield, and sample substrate in
acryl chamber. High voltage applied inside the capillary
generates focused electrostatic force which ejects the
charged particles in micron sized drops. Charged particles
are divided sequentially by repulsion force of the charge
and guided towards the mask by electrostatic field. Fine
particles passed through the mask deposit on the substrate
below.

2.2 A thin film coating method using ESD

Fig. 3 shows a conductive coating process using ESD
method. If applying voltage is low voltage of under the
3KV, ESD is ejected a dripping mode. That is possible to
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Fig. 3 Thin film coating method using ESD spray

(a) Spray time of 1hr

(b) Spray time of 2hr
Fig. 4 AFM image of transparent electrode

change a DoD ejection using applying voltage of pulse
type. And this kind of ejection mode is possible to use a
instead of ink-jet ejection. Otherwise, ESD have a cone-
jet or spray mode. And these mode is used the other
application. Example, cone-jet mode is possible to use a
direct line patterning process. Spray mode is used to be
coating process with a nano thin film. These methods are
possible to apply on continuous coating process such as
R2R process. Especially, ESD spray coating process will
be possible to use on the continuous manufacturing

process for organic electronic device with thin film layers.

At another point, this method has the advantage of
hydrophobic surface coating method. Because an ejected
small drops using ESD spray method evenly are filled in
film or glass substrate. Generally, organic materials have
occurred cohesion phenomenon on the hydrophobic
surface when spin coating method was used in the multi
layer coating. Therefore, we experiment that ESD spray
method is suited for thin film coating method which a

transparent electrode is fabricated by conductive polymer.

PET film was coated a conductive polymer using ESD
method and conductive polymer is used by PHS500
(Baytron corp.) and glycerol as an additive solution.
Applied voltage was SKV and spray time were 1hr or 2hr
in the case of small single nozzle system. Thin film
thickness of ESD coating is formed by only applying

Table 1 Performance and condition of small area
transparent electrode

ESD system with nozzle dia.

Printing System of 80um

Spray Material Conductive Polymer(PH500)
Additive Material | Glycerol, DMSO(5%)
Substrate 3M PET film

Apply Voltage 5KV
Spray Time 2hr

Curing Time 30min at 120C
Layer Thickness | 650~700nm
Transparent 70%
Surface Resistance | 150Q/o

voltage and coating time. If we can form into the
thickness of 1~10um, we expected a thin film forming of
nano thickness using ESD coating method because of
general organic material of solid content of below 10%.

2.3 Result of small area system experiment

In the result of experiment, conductive polymer was
formed a very high density thin film as show as an AFM
image of fabricated transparent electrode in Fig. 4. Its
transparent electrode has a roughness of about 5~6nm in
the case of 2hr and it has a high conductivity and high
density of surface compare with a lhr and then a
thickness was about 650 to 700nm. Table 1 presents a
performance of small area transparent electrode.
Conductive polymer electrode had a surface resistance of
150Q/o at the transparent of about 70% at wavelength of
550nm. We can expect to apply on the applications of
touch panel in the result. However, we target in the larger
coating process as apply to OPV or PLED fabrication
process. In these applications, small area spray process
has a problem with long time coating process time
because of small capillary size for more small particles
spray. Besides, small capillary is occurred a nozzle clog
so as to avoid this problem, we used an additive material
of glycerol. Therefore, in this paper, we proposed a large
area ESD coating process with dual spray coating method
using large area coating ESD system with air pressure.
Large area coating ESD system has a dual nozzle consists
of small size internal nozzle and large size external
nozzle. The spray force is applies to electrical force and
air pressure force in the large area coating ESD system.
Firstly, air pressure is supply to gap in between internal
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Fig. 5 Large area coating ESD system and dual nozzle
schematic

nozzle and external nozzle as general air spray. Secondly,
we do apply to charge of high voltage in the external
nozzle. In this case, we can have smaller particles and
faster deposition time compare with small area ESD
system base on the single nozzle. Besides, dual nozzle is
possible to avoid nozzle clogging problem with a large

internal nozzle size.

2.4 Large area coating ESD system

In the small area coating experiment, we known that
ESD method needs a more shortly manufacturing time
and higher conductivity. Therefore, we developed a large
area coating ESD system and dual nozzle. Fig. 5 shows a
large area coating ESD system with a substrate size of
200mm x 200mm. And we applied a dual nozzle that the
effect is higher conductivity as a generated smaller
micro-drop. Also, we applied a more high voltage for a
shortly manufacturing time because of high spray
quantity using air pressure and electrical force. Fig. 6
shows a fabricated electrode on the PET film and glass.
We apply a apply volt-age of 10~15KV. Its condition had
effected on the more shortly manufacturing time of
30min. And then, surface resistance is a 66€/0 in the
transparent of 73% at wave length of 550nm.

3. Experiment of Organic Solar Cell

Organic solar cell is consists of various organic
materials. Therefore, we experimented in the possibility
for organic solar cell fabrication method. Fig. 7 shows a
structure of organic solar cell. Generally, PEDOT:PSS
and P3HT:PCBM forming method was spin coating
method, while we used an ESD method for thin film

(a) Coated on the glass  (b) Coated on the PET film

Fig. 6 Fabricated transparent electrode

Table 2 Performance and condition of large area
transparent electrode

ESD system with dual nozzle dia.
of 100um and 250um

Spray Material | Conductive Polymer(PH750)
Additive Material | DMSO(5%)

Printing System

Substrate 3M PET film, glass
Apply Voltage | 10~15KV
Al (evaporator)

LiF [evapor ator)
P3HT:PCBM (1:0.8), chlorobenzene (ESD)

~

PEDOT:PSS
, (Device A:ESD, Device B:Spin]
IT0
GLASS
Apply Air pressure 4bar
Spray Time 30min
Curing Time 30min at 120C
Layer Thickness 180~360nm
Transparent 73%
Surface Resistance 66Q/o

Fig. 7 Structure of experiment solar cell

forming instead of spin coating method. Firstly
experiment of ESD coating method was applied to
PEDOT:PSS and P3HT:PCBM layers with the exception
of cathode electrode include electron-transport layer. The
result of experiment, PEDOT:PSS layer was occurs a
thickness of about 300nm and P3HT:PCBM layer was
about 200 to 260nm. And this cell had efficiency of
1.42% with fill factor of 0.39 as shows as Table 3.
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(a) Device A sample (b) Device B sample

Fig. 8 Fabricated organic solar cell using ESD spray
coating method

T T T
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Device B(—e— Eff. = 1.86 %)
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Fig. 9 I-V curve of fabricated organic solar cell

Table 3 Performance of organic solar cell using ESD
method

Structure | Voc (V) | Jse(mA/em?) FF | Eff(%)
Device A| 0.62 5.84 0.39 1.42
Device B| 0.62 5.84 0.51 1.86

The other experiment, we experiment a hybrid
concept as the applied a spin coating in the PEDOT:PSS.
And P3HT:PCBM layer was more optimized ESD
coating method for more high efficiency. Thus, hybrid
fabrication method organic solar cell was a better
efficiency than only ESD method. PEDOT:PSS layer had
a thickness of below 40nm because of applied a spin
coating method and P3HT:PCBM layer was occurs a
thickness of about 160nm. Generally, Optimized organic
solar cell has PEDOT:PSS layer of about 40nm and
P3HT:PCBM layer of about 100nm. Therefore, the
hybrid type organic solar cell was higher efficiency than
applied only ESD method for organic solar cell.
Efficiency was occurs a 1.86% with fill factor of 0.51.

Figs. 8 and 9 shows a fabricated organic solar cell with
current density, respectively. In this experiment, we know
that ESD spray coating method is available for organic
solar cell fabrication method as continuous process.

4. Conclusion

In this study, we applied a transparent electrode to
conductive polymer coating process and organic solar
cell fabrication. Coating process was used by ESD
method and the main advantage of the ESD method is
that no vacuum process is required to apply the coating.
Result of experiment, we had a transparent electrode
which was coated by conductive polymer on the PET
film and the glass. Ours transparent electrode had a
surface resistance of about 66€/0 and transparent of 73%
at the wavelength of 550nm. And in the experiment of
organic solar cell fabrication, we fabricated organic solar
cell using ESD coating method. Efficiency of organic
solar cell using only ESD method was occurs 1.42% and
organic solar cell with ESD method in only P3HT:PCBM
layer was occurs 1.86%. Therefore, ESD coating method
will be applied to continuous process such as R2R
process, and moreover, it will be bring to down a
manufacturing cost of organic electronic device. And
furthermore, we will apply to a PLED fabrication using
ESD method in further research.

ACKNOWLEDGEMENT

This work was supported by the Industrial
Technology Development Works through a grant
provided by the Ministry of Knowledge Economy (MKE)
in 2013.

REFERENCES

1. Lord Rayleigh, F. R. S., “On the equilibrium of liquid

con-ducting masses charged with electricity,”
Philosophical Magazine Series 5, Vol. 14, No. 87, pp.
184-186, 1882.

2. Martin, B. D., Gaber, B. P., Patterson, C. H., and
Turner, D. C., “Direct protein microarray fabrication
using a hydrogel “stamper”,” Langmuir, Vol. 14, No.

15, pp. 3971-3975, 1998.



ror

I=dUSS3X M 30¢ 6= pp.567-572 June 2013 / 572

3. Curtis, A. and Wilkinson, C., “Nantotechniques and
approaches in  biotechnology,”  Trends in
Biotechnology, Vol. 19, No. 3, pp. 97-101, 2001.

4. Morozov, V. N. and Morozova, T. Y., “Electrospray
Deposition as a Method To Fabricate Functionally
Active Protein Films,” Anal. Chem., Vol. 71, No. 7,
pp. 1415-1420, 1999.

5. Newman, J. D., Turner, A. P. F., and Marrazza, G.,
“Ink-jet printing for the fabrication of amperometric
glucose biosensors,” Anal. Chim. Acta, Vol. 262, No.
1, pp. 13-17, 1992.

6. Cole, R. B., “Electrospray lonization Mass Spec-
troscopy,” Wiley-Interscience, 1997.

7. Kim, J. W., Yamagata, Y., Takasaki, M., Lee, B. H.,
Ohmori, H., and Higuchi, T., “A Device for
fabricating protein chips using surface acoustic wave
atomizer and electrostatic deposition,” 2001 ASME,
International Mechanical Engineering Congress and
Exposition, 2001.

8. IEEE Standard Terms and Definitions for Surface
Acoustic Wave (SAW) Devices, IEEE Std., 1037-
1992, pp. 1-7, 1993.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


