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Chapter I. Introduction

Recently, Organic optoelectronic devices such as polymer solar cells (PSCs) and
polymer light-emitting devices (PLEDs) have attracted great attention because
they can be applied to a sustainable renewable energy source?. Organic
optoelectronic devices have many advantage that organic materials offer the
advantage of cost effective fabrication, as well as the use of large area or flexible
substrates. Also, it is possible to modify the chemical structure easily.

Polymer solar cells (PSCs) have the advantage of being less expensive and
solution processible by spin coating, spray coating and roll-to-roll type processing
techniques. The most widely studied polymer blend system is based on a solution
processed p-type poly(3-hexyl-thiophene) (P3HT) polymer and an n-type [6,6]-
phenyl C61 butyric acid methyl ester (PCBM) fullerene. This polymer blend
system has led to efficiencies as high as 5%°. Efficiencies as high as 6 to 7% have
been achieved with polymer:fullerene bulk heterojunction (BHJ) systems by
developing lower band-gap polymer materials that can absorb a broader range of
the solar spectrum>®.

Polymer light-emitting diodes (PLEDs) have attracted great due to their high
brightness, fast response, large viewing angle, simple manufacture process and
flexibility. Typical multilayered PLEDs consist of a transparent anode (i.e. an

indium tin oxide (ITO) coated glass substrate), a hole transport material (HTM), a
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light emitting layer and electron transport material, and a metallic cathode.
Significant efforts over the past decades have been made to improve the

efficiency of polymer-based optoelectronic devices using a variety of processing

strategies "*°. These approaches have included a better understanding of the

3

device physics,” new materials for high performance®*®, optimization of the

morphologies by advanced processing methods***®, and advanced device
architectures'’*°. Among them, the interfacial engineering is one of the important
strategies. In other words, the charge transporting properties are important factors
for influencing the performances of the devices. This is strongly related to the
interfacial properties between the active layer and the cathode or the anode.
Insertion of a buffer layer at the interfaces was used to optimize the properties
between the semiconducting layer and both the electrodes. A thin layer of
PEDOT:PSS?, self-assembled monolayer (SAM) modification®*®, or metal
oxides such as WO3; and MoO3; were mostly used for improving the hole
transporting properties between the active layer and the anode. And the materials
of buffer layer reported in PSCs include alkali-metal compound such as LiF,

metal oxides, TiOy, water or alcohol soluble conjugated polymer electrolytes

(CPEs) ?*%, cationic conjugated polymer electrolytes with quaternary ammonium

28-31 32,33

salt™", non-conjugated polymer electrolytes based on viologen derivatives™,

34,35

anionic  conjugated polymer electrolytes®™ = with sulfonate and non-conjugated

cationic polyelectrolytes®*=3,
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Chapter I-1. Structure and basic principle of Devices
I-1-1. Conventional polymer solar cells (CPSCs)

Conventional Polymer solar cells (CPSCs) architecture (Figure.1-1) consists of a
transparent  conducting metal oxide coated with a  poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) hole-transporting
layer followed by the active BHJ layer. To complete the device, a low work
function metal electrode (Al, Ca/Al) is evaporated on top as an electron-collecting
electrode *.

Polymer solar cells follow the four steps and processes ‘to obtain Power
Conversion Efficiency (PCE). (Figure.1-2) The first is absorption of light
normally by a semiconductor, this will generate an exciton, or a hole and electron
pair bound together by a weak binding energy. Next the exciton will diffuse
around the material until it reaches a region were the third step, charge separation
or quenching can occur, this-will normally be at the donor acceptor (DA)
interface. In quenching the electron and the hole are fully separated from each
other as the electron will enter a lower energy state in the acceptor material. From
here the hole and electron must travel to their respective electrodes in what is

called charge transport .
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Figure I-1. Typical structure of CPSC.
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I-1-2. Inverted polymer solar cells (IPSCs)

The name “inverted” describes the reversed change in polarity of solar cell. In
case of CPSCs, the device structure is ITO/PEDOT:PSS/P3HT:PCBM/AI, ITO
and Al electrodes collect holes and electrons, respectively. In case of IPSCs, ITOs
collect electrons and metal electrodes collect holes. Higher work function metal
electrodes like gold (Au), silver (Ag), and copper (Cu) are generally used as top
metal electrodes in inverted solar cell architecture ¥ °. These metal electrodes are
air-stable and make good contact with organic layers. Metal oxides such as
ZnO** TiO,***is used as electron transporting layer, eliminating the problem
of the acidic PEDOT:PSS on ITO. The process of the generation of current is

same with CPSCs.
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Figure 1-3. Typical structure of IPSC.
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I-1-3. Polymer light-emitting diodes (PLEDSs)

A PLED is a thin-film solid state device, which makes it easier to apply to
flexible displays because of its simple fabrication process and reduced distortion
according to the geometric form of display. The structure of PLEDs is showed
in the Figure 1-3. (ITO/HTL/Emissive Layer (EML)/ETL/cathode)*®.

When the voltage is applied across the device, these organic thin films emit light.
This light emission is based upon a luminescence phenomenon wherein electrons
and holes are injected and migrate from the contacts toward the EML. When
these carriers meet, they form excitons (electron-hole pairs) that recombine to
emit light of a certain wavelength (e.g., red, green or blue) according to the

specific organic materials employed®’.
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Figure 1-4. Typical structure of PLEDs.
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[-2. Parameters of Devices

I-2-1. Parameters of polymer solar cells

The main parameters of solar cells are the short-circuit current density (Js) , the
open-circuit voltage (Vo) and the fill factor (FF) from the illuminated J-V
characteristic as illustrated in Figure 1-5. The V. is the voltage for which the
current in the external circuit equals zero. At the donor-accepter interface
generate AE between the HOMO energy level of donor and the LUMO energy
level of acceptor which-is the energy difference. The Js is the current through the
solar cell when the voltage across the solar cell is zero*®, And the J. is due to the
generation and collection of light-generated carriers.

The fill factor is the ratio between the maximum power (Pmax = Jmp X Vimp)

generated by a solar cell and the product of the V. and the Jg..

_ Jmp Vrp

FF
]SC VOC

And, the FF is a measure of the "squareness” of the IV curve, a solar cell with a
higher voltage has a larger possible the FF since the "rounded™ portion of the IV
curve takes up less area.

The power conversion efficiency (PCE) is calculated as the ratio between the
generated maximum power and the incident power under AM 1.5 conditions.

Jsc Voc FF

PCE =
P;

Pin is the incident light power which is standardized as 100 mW/cm?.
10
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IPCE (incident photon to electron conversion efficiency) is a measure of the

photon to electron conversion efficiency at a particular irradiation wavelength.

IPCE (Incident Photon to electon Conversion Efficiency) (%)

_ Number of emitted photons from a solar cell 100
~ Number of incident photons to a solar cell

11
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Figure I-5. J-V characteristics of polymer solar cells.
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I-2-2. Parameters of polymer solar cells (resistance)

There are another parameters which affect to the PCE. One is the series
resistance (R;), the other is the shunt resistance (Rsp). Their interaction determines
how the current flows in the device®®. The series resistance (Rs) is one of the key
parameters affecting the performance of organic photovoltaic devices. The main
impact of series resistance is to reduce the fill factor, although excessively high
values may also reduce the short-circuit current. Usually R is estimated from the
current-voltage J-V curve slope at large forward voltage. The processes
contributing to Ry are voltage-dependent through physical mechanisms originated
at different layers or interfaces within the device. Interfaces between the active
layer blend and interfacial layers or metallic contacts may well add more
resistance in series because of partial energy level alignment which affects
optimal interface charge transfer. Finally charge carrier transport within the active
layer itself could also be a source for incrementing the series resistance 2,

The Rg, denotes the current losses in the cells, such as the current leakage from
the edge of the cell. Ideal Rq, should approach infinity, so current flows through
Rsh IS zero, in other words there is no current leakage in the device. If the Rg, is
small, the current flowing through it cannot be neglected. Moreover, the current

will change with the applied voltage, which makes the J-V curve deviate from

““square” and thus lead to a lower FF.

13
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Figure 1-6. Series.and shunt resistances ina solar cell
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I-2-1. Parameters of polymer light-emitting diodes

The efficiency of an PLED is characterized by its quantum efficiency, the current
efficiency in cd A (np) or the luminous efficiency (np) in Im W™, The current
efficiency (ne), expressed in cd A, is another way to characterize the quality of a
device and represents the ratio of the luminance (L) to the current density (J)
flowing into the diode. The luminous efficiency (1p) expressed in Im W™ is the

ratio of the optical flux to the electrical input and is given by:

L=

nP:TV:nL

<l a

where V is the working voltage.

A very basic and yet very simple measurement for PLEDs are current density —
voltage (J-V) characteristics as it directly shows if the device is working properly
and gives a first.impression on its quality. A bias voltage sweep is applied to the
device and its current response is recorded. Furthermore, the intensity of the
generated light can be recorded simultaneously, the light intensity correlates to
the luminance L. The corresponding measurement is called current density —

voltage — luminance (J-V-L) characteristics™.

15
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I-3. Interfacial layer

I-3-1. Function of interfacial layer

The interfacial layer which is coated between the active layer (or Emissive layer)
and the electrodes is vital for extremely efficient and stable devices. There are
several functions of interfacial layer.>* The first is to control the barrier height
between active layer and the electrodes. The understanding of the function of
those interfacial layers and the resulting band alignment (between metal and
organic layer) is essential for the proper choice of such interfacial materials.
Second is to determine the polarity of the device. Third is to prohibit a chemical
or physical reaction between the polymer and electrode. The protection of the
active layer from oxygen and water of the atmosphere by and interfacial layer.
And last thing is to act as optical spacer. An optical spacer layer can help to
improve the short-circuit current of PSC device. The optical spacer redistributes

the maximum light intensity to-be within the charge-separating BHJ layer®°.

16
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1-3-2. Materials of interfacial layer

1-3-2-1. PEDOT:PSS

PEDOT:PSS, poly(3,4-ethylenedioxythiophene) doped with
poly(styrenesulfonate), is a stable, water soluble conjugated polymer which is
used as a hole transporting layer in organic optoelectronic devices. The main
functions of PEDOT:PSS is to improve selectivity of the anode, of the
electrode/active layer contact, on account of the higher work function relative,
increase photovoltage -through the surface enrichment. of PSS components.
Furthermore, it can be used to match the highest occupied ‘molecular orbital
(HOMO) of the donor. The reason why PEDOT:PSS is widely used as p-type
interfacial layer. The chemical structures of PEDOT and PSS are depicted in

Figure 1-7.

17
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Figure 1-7 Structure of PEDOT:PSS
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I-3-2-2. Alkali-metal compounds (LiF)

Lithium fluoride (LiF) is promising electron extraction materials for PSCs. By
adding the lithium Fluoride interlayer it will increase device lifetime and prevents
the formation of trap state due to oxidation of the metal aluminum interface.
Dissociation of the LiF and subsequent chemical reaction (doping) of the organic
layer Formation of a dipole layer leading to a vacuum level offset between the
organic layer and the Al Protection of the organic layer from the hot Al atoms
during thermal deposition. Insertion of thin layer Lithium Fluoride less than 15
Angstroms increases the fill factor of the organic solar cell device. The increased
of the fill factor is due to the formation of buffer layer Ohmic contact. Several
mechanisms have been suggested thus far, including Lowering of the effective

work function of the aluminum®®°,

19
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I-3-2-3. Metal oxide (TiOy)

The TiOy layer allows the flow of electrons and blocks transport of holes. TiOy
is postulated to block the passage of oxygen and humidity into the active layer.
When a TiOx thin film is inserted into the device structure, the lifetimes of
organic solar cells and PLEDs are improved by approximately two orders of
magnitude. The results described here focus on TiOy as a passivation layer on
organic FETs. The TiOy layer contains both Ti-OR(ORY alkoxide) functionalities
and Ti-OH groups. The Ti-OR functionalities are photooxidized, consuming O,
and generatingCO,, H,O gas products and [HCOO-] and Ti-OH moieties. This
photo-chemical reaction forms the basis for TiOy films to remove oxygen when

exposed to ultraviolet light®®2,

20

Collection @ pknu



I-3-2-4. Self-assembled monolayers (SAMs)

SAMs (Self-assembled monolayers) are organized layers of molecules which
spontaneously forms on a solid surface. SAMs are easily modified at a single
molecular level as well as at the assembled levels. Self-assembly of organic
molecules is a useful method for modifying systematically the chemical
properties of solid surfaces in order to control their functions in such processes as
wetting, adhesion, friction. Also SAMs offer a unique combination of physical
properties that allow fundamental studies of interfacial chemistry, solvent-
molecule interactions and self-organization. Their well-ordered arrays and ease of

functionalization make them ideal model systems in many fields®*®.

21
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I-3-2-5. Conjugated polyelectrolytes (CPESs)

Conjugated polyelectrolytes (CPESs) are defined as polymers having backbones
with rn-delocalized electronic structures and pendant substituents with ionic
functionalities. In particular, the m-conjugated backbone have many functions,
including strong optical absorption and fluorescence, conductivity for neutral
(exciton) and charged (polaron) states, and an amplified response to external
stimuli owing to the delocalized electronic structure of the backbone. In addition,
the polyelectrolyte functionality imparts the materials with the properties intrinsic
to polymer electrolytes, namely, water solubility, ionic conductivity, strong intra-
and interchain interactions, interaction with ions in solution, surface activity, and

a propensity to adsorb at interfaces.®>®®

23
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I-3-2-6. Non-conjugated polyelectrolytes (nCPES)

Non-conjugated polyelectrolytes (nCPES) equipped with charged ionic groups in
their chemical structure may be ideal interfacial materials. Although polymer
have backbones without w-delocalized electronic structures, NCPEs also have
many functions. The main function of NCPEs are to increase the built-in-potential
by inserting NCPEs interfacial layer, to improve charge transportation because of
the existence of interface dipole and reduce recombination loss due to the
increase in built-in field and charge carrier mobility. Few studies on using NCPEs
as a cathode interfacial layers have been reported. In case of poly(ethylene oxide)
(PEO), the V4. was dramatically enhanced by up to 200 mV, and a noticeable
enhancement of the FF and the Jsi. were observed as well, resulting in the
enhancement of the PCE by 50%. Because the built-in potential was increased
upon inserting the PEO interfacial layer and thus improving charge transportation.
Poly(vinyl alcohol) (PVA) was used in polymer solar cells and polymer light-
emitting diodes as cathode interfacial layer. The best PCE of PSC with the PVA
film as a cathode interfacial layer is 3.27%, which is a 27% increase compared to
that of PSC without the PVA film (2.58%). The PCE improvement is due to
enhancement of the short circuit current, the fill factor, and the open circuit
voltage, simultaneously. Improvement of the performances of the devices is due
to the fact that the PVA film reduces a Schottky barrier by the formation of

favorable interface dipoles and improves the interface properties. And Yang et al.

24

Collection @ pknu



reported the application of poly(vinylpyrrolidone) (PVP) as a cathode interfacial
layer in PSCs. For the case of incorporation of PVP by spin coating, the PCE of
the device (3.90%) is enhanced by 29%, suggesting the increase of the charge

collection upon the incorporation of a PVP as a cathode interfacial layer.

25
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I-4. Measurement

The thickness of the film was measured by an Alpha-Step 1Q surface profiler
(KLA-Tencor Co.). The work function measurements were carried out using a
UPS (VG Scientific Co.) with a He I source (hv=21.2 eV) at a pressure of 1 x 10
® Torr. A -3 V was applied to a sample during the measurements to distinguish
between the analyzer and sample cut-off. The surface energy (y) of the active
layer with or without interfacial layer was evaluated by the measurements of the
static advancing contact angle with deionized water and diiodomethane. The
contact angles (KRUSS, Model DSA 100) were entered in the Wu model
(harmonic mean) for the calculation of the dispersive and polar components of the
surface energy. The effective work function was obtained by Kelvin probe (KP)
measurements (McAllister Technical Services, KP 6500) of the contact potential
difference between the sample and the KP tip. The KP tip work function was
5.203 + 0.011 eV. The AFM topography images were taken using a Digital
Instruments (Multi Mode SPM) operated in the tapping mode. The current
density—voltage measurements under 1.0 sun (100 mW/cm?) condition from a
150 W Xe lamp with a 1.5 G filter were performed using a KEITHLEY model
2400 source measure unit. A calibrated Si reference cell with a KG5 filter
certified by the National Institute of Advanced Industrial Science and Technology
was used to confirm 1.0 sun condition. The incident photon to collected electron

efficiency (IPCE), external quantum efficiency, was calculated by

26
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IPCE (%) = 1240 X J,./ (%)
14

where Ji. (uA/cm?) is the short circuit current density measured at the wavelength

A (nm) and I, (W/ m?).

27

Collection @ pknu



Chapter 11. Non-conjugated Poly(sodium 4-styrenesulfonate) as an
Interlayer for Applications in Polymer Solar Cells and Polymer Light

Emitting Diodes

[1-1.Introduction

Optoelectronic devices such as polymer light-emitting diodes (PLEDs) and
polymer solar cells (PSCs) have been receiving great attention in recent years,
because it has many advantages including light weight, low fabrication cost, and
the possibility of their application properties. light weight, easy large-area
fabrication, and low fabrication cost by the solution process. The charge
transporting and injecting/collecting properties are critical factors for influencing
on the performances of the devices. These are related to the interfacial properties
between the emissive layer (or the active layer) and the electrodes. In particular a
cathode buffer layer, which is-applied between the emissive layer (or the active
layer) and cathode, has been studied to improve the metal electrode efficiency in
injecting and collecting negative carriers®’.

Recently, few studies on using non-conjugated cationic and anionic polymers
such as a poly(ethylene oxide) (PEO), poly(4-vinyl pyrrolidone) (PVP) and
poly(vinylalcohol) (PVA)® have been demonstrated for a cathode buffer layer.
The efficiency of the devices with these materials as a cathode buffer layer was

dramatically improved by the formation of favorable interface dipole which

28
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reduces the work function of metal as well as the electrical contact resistance.
Therefore, a non-conjugeted anionic polymer such as poly(sodium 4-
styrenesulfonate) (PSS-Na) might be used as a cathode buffer layer. PSS-Na is
well known commercially available non-conjugated anionic polyelectrolyte and
very good soluble in polar protic solvents such as water or mixture of water and
alcohol. The solubility of PSS-Na in polar protic solvents offers the options
available for the utilization of a buffer layer in the optoelectronic devices. We

investigated the effect of PSS-Na as buffer layer in PLEDs and PSCs.

29
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I1-2. Experiment Section

11-2-1. Materials

Chemicals were purchased from Aldrich Chemical Co. and Alfa Aesar and were
used as received unless otherwise described. Poly(sodium 4-styrenesulfonate)
(Cat. No. 45851, Mw = 75000 g/mol) and poly(4-styrenesulfonic acid) was
purchased from Alfa Aesar. Regioregular P3HT (Cat. No. 4002-EE) and PCBM
(Cat No. nano-cPCBM-BF) were purchased from Rieke Metals Inc. and nano-C,
Inc., respectively. PF9B was used as an EML and synthesized according to the

literature procedures ®°.
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I1-2-2. Fabrication of PSCs

For fabrication of PSCs with a structure of ITO/PEDOT/active layer
(P3HT:PCBM)/PSS-Na/Al, a thickness of 40 nm of PEDOT:PSS (Baytron P,
diluted with 2-propanol 1:2 v/v) was spin-coated on pre-cleaned indium tin oxide
(ITO) glass substrate (sheet resistance = 15 ohm/sq). After being baked at 150 °C
for 10 min under the air of a PEDOT:PSS layer, the Active layer was spin-cast
from the blend solution of P3HT and PCBM (20 mg of P3HT and 20 mg of
PCBM dissolve in 1 mL of o-dichlorobenzene (ODCB)) at 600 rpm for 40 s and
then dried in covered petri dish for 1 hour. Prior to spin coating, the photoactive
solution was filtered through a 0.45 um membrane filter. The typical thickness of
the active layer was 200 nm. Before cathode deposition, buffer layer of PSS-Na
prepared by spin coating with different concentration of solution of PSS-Na at
4000 rpm for 60 s. The typical thickness of a PSS-Na film was less than 5 nm.
The thickness of PSS-Na layer was controlled by the concentration of PSS-Na
solution. The Al layer was deposited with a thickness of 100 nm through a
shadow mask with a device area of 0.13 cm” at 2 x 10 Torr. After the cathode
deposition, the device was thermally annealed at 150 °C for 20 min in the glove

box (N, atmosphere).
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1I-2-3. Fabrication of PLEDs

For fabrication of PLEDs with a structure of ITO/PEDOT/EML (PF9B)/PSS-
Na/Al, a thickness of 40 nm of PEDOT:PSS (Baytron P, diluted with 2-propanol
1:2 viv) was spin-coated on pre-cleaned indium tin oxide (ITO) glass substrate
(sheet resistance = 15 ohm/sq). After being baked at 150 °C for 10 min under the
air, an emissive polymer solution (10 mg/mL in toluene) was spin coated on to
PEDOT:PSS layer at 2000 rpm for 60 s. Prior to spin coating, the emissive
polymer solution was filtered through a 0.45 um membrane filter. The typical
thickness of the EML was 60 nm. Before cathode deposition, IFL of PSS-Na
prepared by spin coating with different concentration of solution of PSS-Na at
4000 rpm for 60 s. The typical thickness of a PSS-Na film was less than 5 nm.
The thickness of PSS-Na layer was controlled by the concentration of PSS-Na
solution. The Al layer was deposited with a thickness of 100 nm through a

shadow mask with a device area of 0.13 cm? at 2 x 10 Torr.
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I -3. Results and Discussion
1I-3-1. Characterization of PSCs and PLEDs with PSS-Na

To confirm the effect of the interfacial dipole between active layer and metal
surface, we measured by ultra photoelectron spectrometer (UPS) to know the
effective work function of the Al and the PSS-Na coated Al.”® PSS-Na has sodium
sulfate salt on the side chain, which is a very polar and has permanent dipole.
Therefore, as shown Figure I1-1, the work function of the PSS-Na coated Al and
the Al is 4.22 and 4.32 eV, respectively. In order to check the work function
variation by the PSS-Na thin film, we performed the measurements of the work
function by the Kelvin probe microscopy (KPM). The effective work function of
a thin layer PSS-Na coated Al obtained from the KPM was 4.16 £+ 0.03 eV, which
is smaller than the effective work function of PSS-Na coated Al (4.30 £ 0.02 eV).
The work function of a thin layer of PSS-Na coated Al was smaller than that of Al.
These results support that the work function of the Al cathode is reduced by the
formation of interface dipole. From this result, the reduction of Schottky barrier
was small and the efficient transporting/injecting of electrons is expected in PSCs
and PLEDs. The electron injection properties are enhanced by PSS-Na between

the emissive layer and the cathode.
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Figure 11-1. UPS spectra of Al and PSS-Na treated Al
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II-3-2. Photovoltaic properties of PSCs

Conventional type PSCs with a structure of ITO/PEDOT:PSS (40
nm)/P3HT:PCBM (1:1byyt.)(200 nm)/PSS-Na (5 nm)or without PSS-Na/Al
(110 nm) are fabricated to investigate the characteristics of PSS-Na as a buffer
layer. PSS-Na dissolved in methanol/water mixture with a concentration of 0.1
mg/mL, 0.5 mg/mL, 1.0 mg/mL was spin-coated onto the P3HT:PCBM active
layer to investigate the effect of PSS-Na layer. Fig.l1-3 shows current density-
voltage curves of PSCs under AM1.5G simulated illumination with an intensity
of 100mW/cm?, and the photovoltaic parameters are summarized in Table 2-1.
As shown in Table 2-1, the V.. value of all the devices with the PSS-Na film
were 0.61 V, the V. of the reference device were 0.59 V. The V. value of the
devices were slightly higher than the Vo of the reference device. Our results
presumably due to that the reduction of Schottky barrier is quite small.
Therefore, the effective work-function of AI/PSS-Na shows smaller than Al
(without PSS-Na). As seen in Table 2-1, Short-circuit current (Jsc) value of
devices are -7.64 mA/cm? (without PSS-Na), -8.25 mA/cm? (PSS-Na 0.1
mg/mL), -8.43 mA/cm? (PSS-Na 0.5 mg/mL), -7.47 mA/cm? (PSS-Na 1.0
mg/mL), respectively. The fill factor (FF) value of the device with
concentration of 0.1 mg/mL, 0.5 mg/mL and 1.0 mg/mL PSS-Na in
H,O/MeOH are 53.5%, 54.9% and 54.7%. The best power conversion

efficiency (PCE) of the device with concentration of 0.5 mg/mL PSS-Na in
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H.O/MeOH was 2.82%, which is a 16% increase compared to that of the
devices without PSS-Na. The device with an PSS-Na 0.5mg/mL showed
smaller the Rs value and larger the R, value compared to those of the device
without IFL. The performances of PSCs were also dependent on the
concentration of PSS-Na solution. The reason for this can be explained as the
same case of the PLEDs. The incident photon to collected electron efficiency
(IPCE) also demonstrate the photovoltaic parameters are related to the
performances of PSCs with PSS-Na treated P3HT:PCBM. The device with
PSS-Na shows higher IPCE, with 57.6% at 555 nmas shown in Fig.ll-4. This
also supports that the device with PSS-Na shows better performances than the

device without PSS-Na.
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Figure 11-2 The structure of PSCs and the chemical structure of PSS-Na
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Figure 11-3. Current density—voltage curves of PSCs (a) under AM 1.5G

simulated illumination with an intensity of 200mW/cm? and (b) under the dark

condition (filled rectangular: without IFL, filled circle: a 1.0 nm-thick LiF as

an IFL, filled triangle: PSS-Na coated from the solution of 0.1 mg/mL, filled
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Na coated from the solution of 1.0 mg/mL).
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Table 2-1. The summary of photovoltaic parameters of PSCs with the best

PCE value. The averages for photovoltaic parameters of each device are given

in parentheses with mean variation.

2 R R
Ve (V) Jsc (MA/Cm) FF (%) PCE (%) s, P,
(Qem)®  (kQcm )P
Without 0.59 7.64 54.1 244 s 62
PSS-Na  (0.59+001) (-7.50+021) (545+167) (2.43+0.95) : :
. 0.62 7.35 64.7 2.95
LIFAM)  062+001) (-743+008)  (641+065) (295+003) >/ 430
PSS-Na 0.61 825 53.5 269 263 339
O.1mg/ml)  (0.61+0.01) (-820%007) (538+028) (267 +0.03) : :
PSS-Na 0.61 858 54.0 283 238 3
(O5mgmL)  (0.61+001) (-8.32%010) (5469%024) (2.77+0.07) :
PSS-Na 0.61 747 54.7 2.49 sss 387
(LOmg/mL)  (0.62+001) (7.41+010) (542+0.28)  (2.47 +0.04) : :

% the series resistance (estimated from the device with the best PCE value).

®: the parallel resistance (estimated from the device with the best PCE value).
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Figure 11-4. IPCE Spectra of PSCs without PSS-Na and with PSS-Na

40

Collection @ pknu



11-3-3. Luminescent properties of PLEDs

To study the properties of PSS-Na when using them as a cathode buffer layer in
PLEDs, PLEDs were fabricated with a configuration of ITO/PEDOT/PF9B/PSS-
Na/Al (Figure 11-5). The Figure 11-6, 11-7 and Table 2-2 show the characteristic
and performances of PLEDs with or without EIL. The device without a buffer
layer showed a turn on voltage (V,n) (defined by the voltage was required to give
a luminescent of 1 cd/m?) of 5.5 V, a maximum luminance efficiency (LEmay) Of
0.316 cd/A, a maximum brightness (Bmax) Of 476 cd/m’ respectively. On the
contrary, the device with 0.5 mg/mL PSS-Na showed a Vo, 0f 5.5 V, a LEqax Of
3.00 cd/A, a Bmax Of 4348 cd/m?, respectively. The device with concentration of
0.5 mg/mL PSS-Na is dramatically improved than the device without PSS-Na.
And the device with 0.1 mg/mL PSS-Na showed a V,, of 7.0 V, a LEn.« of 0.66
cd/A, a Bpmay Of 1436 cd/m?, and the device with 1.0 mg/mL PSS-Na showed a Vo,
of 75 V. a LEmx Of 2.49 -c¢d/A, a B Of 643 cd/m? respectively. The
performances of PLEDs were related to the concentration of PSS-Na solution.
The performances of the device with 0.1 mg/mL PSS-Na showed very poor
performances. One possible reason is that emissive layer is not fully enveloped
with the PSS-Na. In case of the device with 1.0 mg/mL PSS-Na, the PSS-Na film
was too thick. But the V., values of the devices with the PSS-Na film were
smaller than that of the device without PSS-Na, indicating that the electron

injecting process is facilitated by the PSS-Na film.
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Figure 11-5 The structure of PLEDs and The chemical structure of PSS-Na.
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Figure 11-6. Current density-voltage-brightness spectra of PLEDs (a) without
PSS-Na, (b) with LiF, (c) with PSS-Na of 1.0 mg/mL (d) with PSS-Na of 0.5
mg/mL and (e) with PSS-Na of 0.1 mg/mL.
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Figure 11-7. Luminance efficiency specta of PLEDs without PSS-Na and with
PSS-Na.
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Table 2-2. The performances of the PLEDs.

a LEmaxb LElOO d 2
Without
9.5 0.316 0.282 476 at 14.5
PSS-Na
LiF (0.5 nm) 6.0 3.64 1.97 6518 at 11.5
PSS-Na
7.0 0.660 0.649 1436 at 14.0
(0.1 mg/mL)
PSS-Na
5.5 3.00 2.56 4348 at 12.5
(0.5 mg/mL)
PSS-Na
7.5 2.49 2.47 643 at 14.5
(1.0 mg/mL)

a

b+ maximum luminance efficiency

c

: maximum brightness.
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11-3-4. Surface properties of the Active Layer

Figure 11-8 shows contact angle images of active layer with or without the thin
film of PSS-Na. The static water contact angle of the active layer (P3HT:PCBM)
and the PSS-Na coated active layer were (107.9 £ 0.3)° and (99.0 = 0.2)°,
respectively. The PSS-Na coated active layer became more hydrophilic than
without PSS-Na. Atomic force microscopy (AFM) images were taken to
investigate the morphology of the active layer with or without PSS-Na. The root-
mean-square (RMS) roughness of the active layer coated PSS-Na was 2.89 nm.
The surface roughness of the PSS-Na coated active layer is mare smoother than
that of active layer without PSS-Na (3.45 nm). This means that the PSS-Na film

can form uniform on the active layer.
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Figure 11-8 AFM images of the device (a) without PSS-Na and (b) with PSS-Na
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Figure 11-9. Water contact angle images of films (a) without PSS-Na and (b) with

PSS-Na.
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11-4. Conclusion

We have demonstrated an anionic non-conjugated polyelectrolyte, PSS-Na, to
modify the property at the organic/Al interface in either PLEDs and PSCs. The
UPS and KPM study indicate that Schottky barrier between the organic layer and
the Al cathode is reduced by the formation of favorable interface dipole by the
PSS-Na film. The performances of PLEDs and PSCs depend in the thickness of
the PSS-Na film. The PLED and PSC with the PSS-Na film spin-coated from a
solution of 0.5 mg/mL showed best performances, which-are higher than those of
the device without the PSS-film. This research provides very simple and facile

strategy for the enhancement of efficiency of the optoelectronic devices.
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