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Organic Electronic Devices

Technical Field

The present invention generally relates to an organic

" electronic device with an amphiphilic layer.  The present

invention also relates to a method of fabricating such a device.

Background

Organic electronic devices such as organic photovoltaic

devices (OPVs), organic 1ight—emitting diodes (OLEDs), and

organic thin film transistors (OTFTs) utilize electrically
conductive organic polymers and small molecules. These devices
present advantages over = conventional inorganic electronic

devices because they are lighter, more flexible and more cost-

‘efficient. In these devices, organic layers present may comprise

of multiple polymers and organic molecules that are often used

as electron donors and acceptors. Many of the high performance

~ polymers used in these devices generally show different

structural order from existing commercial poiymers. These high
performance polymérs may also exhibit lifetime issues and
degradation pathways that are quité different to existing
commercial polymers. _

Bulk -heterojunction (BHJ) organic photovoltaic (OPV)

devices are one such class of electronic devices where the

‘electron donor and aéceptor may be mixed together as an

interpolymer. Although the: power conversion efficiency of BHJ

- OPV devices has increased significantly.from 4 percent to 8.3

percent in the last ten years, they still suffer from short
lifetimes and reliability issues due to. degradation of the
devices. The‘dégradation is attributed to poor thermal stability
and . charge trapping at the cathode/organic layer interface which
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occurs due td the incompact connection structure. This
degradation process leads to an initial efficiency loss termed
“burnFin”g which has been shown to be primarily the result of a
drop in both fill factor (FF), open-circuit voltage (Voe), and to
a lesser-extgnt, the short circuit current (J“)_in'the first 100
hours. |

The underiying mechanism causing the “burn-in” which-
resulté in a loss vaapproximately 25 percent of the initial
effiéiency ié not well understood but this “burn-in” phenomenon
is known to result. in thevrealveffiCiency of an OPV device to be
less than 80 percent of the reportéd value.

Subsequently, researchers have capitalized on the use of
interlayers to circuﬁvent the direct contact between the organic
photoactive donor and electrodes where high densities of carrier
ﬁraps and interface ' dipoles. can hinder efficient charge
collection. Although anode interlayers have shown some success,
effective cathode interlayers have been‘difficult to achieve due
to unavailability of materials that are compatible with the
cathode such that problems éssdciated with “burn—in” of the BHJ
OPV devices can be overcome.

There is therefore a need to proVide an organic
photovoltaic device that overcomes; or at least ameliorates, one
or more of the disadvantages described above. |

There is also a need to provide a method for fabricating
organic photovoltaic devices that overcomes, or at least

ameliorates, one or more of the disadvantages described above.

Summary
In one aspect, there is provided ah. organic electronic
device comprising:
(i) @ first conductive layer and a second conductive layer;
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(ii) an organic layer disposed between said first and
second conductive layer; and

(1ii) an amphlphlllc layer disposed between sald. organlc
layer and the second conductive layer. -

The organlc electronic device may comprise OPV devices,
organlc llght emitting diodes, organic thin-film transistors,
biological sensors, or chemical sensors. The first and second
conductive layers may = serve as the anode and cathode
respectively.

Advantagéously,, the presence of an amphiphilic layer in

such devices, disposed between the organic layer and the second

~ conductive layer may ~mitigate ‘photo-stability and thermal

stability issues. The amphiphilic layer separates the organic
layer from the cénductive cathode metal. This may help to
prevent'any possible interactions between the layersfthat can
result in the degradation of the device, particularly in the
presence of light ~or heat. Further advantageously, the
amphiphilic layer may circumvent the diminishing of> the power
conversion efficiency of the OPV by prevénting moisture and
oxygen diffusion into the interface between the organic layer
and the conductive cathodev metal, as well as metal diffusion

from the cathode layer into ’the ~organic  layer. By avoiding

direct contact between the organic layer and the metal cathode,

the amphiphilic layer may allow the ‘device to circumvent high-
densities of carrier traps and interface dipolés that can hinder
efficient charge collection.

Advantageously, the amphiphilic layer may be a monolayer.
This amphiphilic monolayer may enhance the connection between
the organic layer and the metél cathode not only because of the
above advantage in circumventing carrier traps but also because
it may act as an efficient carrier channel. Moreover, the
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amphiphilic monolayer may provide a more compact connecting

structure that may aid the stabilization of the interface

. between the organic layer and the metal cathode, thereby

overcoming poor thermal stability and undesired charge trapping
arising from incompact connection strﬁcture. :

More advantageously, the amphiphilic‘layer may improve the
lifetime and power conversion efficiency of the organic
electronic device as it mitigates the above degradation_issueé
by preventing diffusioﬁ and.reactions between the organic layer
and the second conductive layer. ‘

The provision of the amphiphilic monoclayer may overcome the
limitation that suiﬁable materials compatible = between the
organic layer and the metal cathode are lackiﬁg, bwithout
compromising the fill factor (FF), open-circuit voltage (Vg),
and the short circuit current (Js.) of the device.

In another aspect, there is provided a method for
fabricating an organic electronic device, comprising:

(1) forming a first conductive layer;

(ii) spin coating'a mixture of organic materials on said
first conductive layer to form an organic layer;

7 (iii) inserting an amphiphilic layer between said organic
layer and a second conductive layer; and

(iv) depositing said second conductive layer after:
inserting said amphiphilic layer. | '

‘The proviéion of an amphiphilic layer in organic electronic

devices, which may be a monolayer, provides the abovementioned

" advantages. This amphiphilic monolayer is inserted v1a any

deposition method, e.g., spin coating, such that the monolayer
is disposed between the organic layer and nietal cathode in order
to overcome the above issues, in particular the high den51t1es
of carrier traps and interface dlpoles that can hinder eff1c1ent
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charge collection, incompact connection structure and to avoid
any possible interactions between the organic and metal layer
that may degrade the devices. - N _ o

Notablyy the 1nsertlon. of this amphlphlllc monolayer~ may

overcome- the 1limitation that suitable mater1a153 compatlble

between the organic layer and the metal cathode are lacklng
Moreover, the insertion of this amphlphlllc monolayer‘ may' not

compromise the fill factor (FF), open-circuit voltage (Vee), and

'~ the short circuit current (Jsc) but may improve the lifetime and

power convers1on eff1c1ency of the device instead.
In another ‘aspect, there is provided an organic electronlc

device fabricated accordlng to the methods as defined above.

Definitions

The following words and terms used herein shall have the
meaning indicated:

The ‘term “monolayer” refers to a closely packed layer of
atoms or molecules. More spec1f1cally, a monolayer” refers to a
layer that is one-molecule thick. That is, the thickness of the
layer . is equivalent to the chain length of the molecule
comprising that layer. Such a “monelayer” is illustrated in Fig.
2 of the present disclosure.

The phrase "amphiphilic molecule" refers to a single
molecule comprising one hydrophilic end while the other end is
hydrophobic. This means that the hydrophilic end may tend to

have a higher affinity for water, or readlly absorbing or

- dissolving in water as compared to thevhydrophobic end while the

hydrophobic end may tend‘tovhave a higher affinity for, tending
to combine with, or capable of dissolving in non-polar solutions

as compared to the hydrophilic end.
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LikeWiée, the phrases “amphiphilic' layer” and “amphiphilic
mdnolayer” refer to a layer comprising a plurality of such
“amphiphilic molecule” and should be ‘construed in a similar
manner. | ; v

The phrase '“photo—stable” refers to moleculés or
compositions that are not affected by the effects of lightL

The phrase “thermal-stable” -refers to molecules or
compositions that are not affected by the effects of heat.

The lphrése “small molecules” refers  to non-polymeric

compounds with a molecular weight of less than 900 atomic mass

unit (a.m.u) .

The phrase “conjugated syStem&.referS to a chemical system
of connected p-orbitals with delocalized electrons in compounds
with alternating single and multiple bonds, which in general may
lower the overall energy of the moleéule and increase stability.

The compound containing the conjugated system may be cyclic,

~acyclic, linear or a mixture thereof.

The term “conductive” refers to any ﬁaterial that éllows
the flow of electrons or any carriers or particles with charges
(either positive or negativef. The phrase “conductiye layer” is
to be construed accordingly. ' |

The term “transparent”‘refers to the optical property of a

material that may allow the transmittance of any component of

the electromagnetic spéctrum, particularly ultraviolet rays'or

visible light. This means that, for instance, Visible light may
pass through a “transparent material” either partially or
toﬁally. Likewise, the term “clear”, when referred ' to a
material, for instance “clear plastic”, 1is to be construed in a
similar manner.

On the other hand, the term “opaque” refers to the optical

impenetrability of 'a material to any component of the
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electromagnetic spectrum, especially visible light. Basically,
an opague material is not transparent (does not allow all light
to pass through). ‘ A |

The word “substantially" does not exclude “completely” e.g.

a composition which is “substantially free” from Y may be

~completely free @ from Y. Where - necessary, the word

“substantially” may be omitted from the definition of the
invention. |

Unless specified otherwise, the terms "comprising" and
"comprise", aﬁd grammatical variants thereof, are intended: to
represent "open" or "inclusive" language such that they include
recited elements but also permit ‘inclusion of additional,
unrecited elements. |

As used herein, the terms "about" and “approximately”, in
the‘context of concentrations of components of the formulations,
or where applicable, typically means +/- 5% cf the stated wvalue,
more typically +/- 4% of the stated value, more typically +/- 3%
of the stated value, more typically, +/-“2% of the stated-value,
even more typically +/- 1% of the stated wvalue, and even more
typically +/- 0.5% of the stated value. |

Throughout - this disclosure, certain embodiments may be
disclosed in a range format. It should be understood that the
description in range format is merely for convenience and

brevity and should not be construed as an inflexible limitation

~on the  scope of the disclosed ranges. Accordingly, the

description of a range should be considered to have specifically
disclosed all the possible sub-ranges as well as indlvidual
numcrical values within that range. For example, description of
a range such as from 1 to 6 should be considered to have

specifically disclosed sub-ranges such as from 1 to 3, from 1l to

4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to § etc., as
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well as individual numbers within that range, for example, 1, 2,
3, 4, 5, and .6. This applies regardless of the breadth of the

range.

Disclosuie of Optional Embodiments

Illustrative, non-limiting embodiments of an brganic
photovoltaic device, and t@e‘ method of fabrication of such a
device, will now be disclosed. .

'The organic electronic device comprises:. (i) a first
conductive layer and a second conductive layer; (ii) an organic
layer disposed between said first and second conductive layér;
and (iii) an amphiphilic 1aye£ disposed between said organic
layer and the second conductive layer. ‘ |

"The organic electronic device may  be an organic

photovoltaic = (OPV) device, organic light-emitting diodes,
organic thin-film transistors, or biolbgical and chemical
sensors. The organic electronic device may  be a Dbulk

heterojunction OPV device. The organic electronic. device may

comprise a first conductive layer. The first conductive layer

may comprise an anode. The anode may comprise an electron donor.

The organic electronic device may comprise a second

- conductive -layer. The second conductive layer may  comprise a

‘cathode. The cathode may comprise an electron acceptor.

The electron donor and electron acceptor may comprise

organic or inorganic molecules. The electron donor and electron

acceptor may be  organic molecules. The electron donor and
electron acceptor may form a highly' conjugated éystem. The
electron donor and electron acceptor may form an interface. The
electron donor and electron- acceptor may be mixed together to
form a blended layer comprising polymers,.inorganic or organic
molecules, or a combination thereof. |

o ) 8
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The organic electronic device may be a bulk heterojunction
(BHJ) OPV device. The organic electronic device may comprise any
of the abovementioned devices.

The first conductive layer may serve as an anode. The anode
may be transparent or opaque. Advantageously, the transparent.
anode may .allow the - trensﬁittance of 1light to facilitate
generation of photoelectrons in the organic layer while
comprising a high concentration of charge' carriers. The
transparent anode may _comprise a’ transparent substrate. ~The
transparent substrate may be a glass substrate or a clear
polymer substrate with patterned metal. The clear polymer
substrate mey be a clear plastic. The anode may further comptise
metal, a metal oxide or any conducting material which may be
patterned on the substrate. The patterned metal may bevva
transparent conducting. .oxide. The patterned metal may comprise
silver, graphene, indium =zinc oxide, aluminium zinc oxide,
gallium =zinc oxide, SnOzzF or indium tin oxide (ITO). The
transpafent anode may comprise a glass substrate with patterned
ITO. The transparent anode may also comprise. a clear plastic
substrate With patterned ITO. Patterning of the anode may
increase the interfacial area for charge collection. This
feature may also be applied to the cathode to obtain a similar

advantage. Accordingly, when the anode and cathode are

‘overlapped with each other to form an active area, the patterﬁed

anode and/or cathode may enhance the performance of the OPV
devices due to the 4increased interfacial area for charge
collection within the active area. .
Advantageously, the ITO may -be a heavily-doped n-type
semiconductor with a large bandgap of around 4 eV. Because of

the bandgap, it may be mostly transparent in the visible part of

"the spectrum. -



10

15

20

25

30

WO 2014/104976 PCT/SG2013/000551

These’substrates may be rigid or flexible. The choice of
the ' substrate, whether.~rigid or flexible, may depend on its
suitability in a"'particular application. Advantageously, the
rigid. substrate may allow a 'longer lifetime for the device,

while the flexibie substrate may allow application of the device

-as flexible thin films on curved surfaces or in space-limited

applications. For exampie, when conventional transparent glass
is wused as the substrate, it imparts mechanical stréngth
(rigidity) to the device as’' a whole. However, such a devicé
would not be able to bend without being broken. On the othef

hand, if a clear plastic 1is used, such devices may bend

Isufficiently'without breaking apart.

The clear ‘plaétic substrate used-: may have a proper
permeation barrier suitable for OPV applications. Basically,
this means that the clear plastic substrate may be a wvisible
light or UV transparent substrate suitable for OPV applications.

Iﬁ the present disclosure, the second conductive layer may
serve as a cathode. The cathode may comprise a metal or an alloy
of a metal selected from a Group ‘1 metal, Groﬁp 2 metal, Gfoﬁp 3
metal or a transition metal. The cathode may comprise a metal

selected from the group consisting of Ca, Li, Ba, Mg, Al and Ag.

‘The cathode may also comprise halogen salts of Li, Li salt

alloys with Al and combinations thereof. The cathode may also
comprise LiF/Al or a combination of this material with at leést
one of the abovementioned metals.

The device may further comprise an interface layer disposed
between the transpérent anode and the organic layer. Interface
materials .may be non-conducting, semiconducting' or conducting
layers. The interface layer may be made from organic or .
inorganic materials. This interface layer may comprise a polymef.
This interface layer may also comprise a mixture of two polymers.

10
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The polymers may Dbe ionomers. It 1is to be noted that the
polymers used for this interfaée'layer may'be nbn—Cbnducting,
semicoﬁductiﬁg: or ¢onducting. Advantageously, the interfacé
layer may minimize the contact resistance and charge
recombination and enable éfficient extraction of eléctrons or
other charged carriers. The interface layer may be a
polythiophene. The interface layer may comprise poly(3,4-
ethylenedioxythiophene) :polystyrene sulfonic acid . (PEDOT:PSS),
ZnO, TiO,, MoOi, Al,0, orj*LiF. The interface layex‘ may have a
thickness range of about 1 nm to about 1000 nm. The interface

layer may have a thickness. range of about 1 nm to about 10 nm,

about 1 nm to about 20 nm, about 1 nm to about 30 nm,. about 1 nm

to about 40 nm, about 1 nm to about 50 nm, about 1 nm to about .
100 nm, about 1 nm to about 200 nm, about 1 nm to about\SOdynm,
about 10 nm to about 20 nm, about 10 hm to about 30 nm, about 10
nm to about 40 nm, about 10 nm to about 50 nm, about 10 ﬁm to
about 100 nm, about 10 nm to about 200 nm, about 10 nm to about
500 nm, about 10 nm to about 1000 nm, about 20 nm to about 30 nm,
about 20 nm to about 40 nm, about 20 nm to abou;,so nm, about 20
nm to about 100 nm, about 20 nm to.about 200 nm, about 20 nm to
about 500 nm, about 20 ﬁm to about 1000 nm, about 30 nm to about
40 nm, about‘BO'nm té about 50 nm, about 30 nm to about 100 nm,
about 30 nm to about 200 nm, about 30 nm to about 500 nm; about
30 nm to about 1000 nm, about 40 nm to about 50 hm, about 40 nm
to about 100 nm, about 40 nm to about 200 nm, about 40 - nm to

about 500 nm, about 40 nm to about 1000 nm, about 50 nm to about

" 100 nm, about 50 nm to about 200 nm, about 50 nm to about‘SOO nm,

about. 50 nm to about 1000 nm, about 100 nm to about 200 nm,
about 100 nm, técabout 500 nm, about 100 nm to about 1000 nm,
about 200 nm to about 500 nm, about 200 nm to 1000 nm or aboutv
500 . nm to about 1000 nm.
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- The organic layer may comprise organic polymers, organic
molecules or a mixture thereof. The organic layer may comprise a
first polymeric component and & second- organic component,

wherein the first pol?ﬁeric7éomponent may be blended with the

second organic component. The ratio of the two components may

depend- on the type of materials wused for each respective
component. The first polymeric component may comprise low-band
gap p-type materials. The second-organic componeht may comprise
low-band gap n-type materials. The first polymeric component may
comprise poly(3-hexylthiophene-2,5-diyl) (P3HT) as exemplified

in the structure beiow;

poly{(benzo—2,1,3—thiadiazol—4,7~diyl)—alt—(3',4"—di(2-
octyldodecyl)—2,2’;5’,2";5",Z'f'-quaterthiophen—S,S"'—
diyl)} (PODT2T-DTBT) as exemplified in the structure below;

12
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poly[2—methOXy—5—(2—ethylhexyloxy)—1,4—pheny1enevinylene]  (MEH-
PPV), poly(2-methoxy-5- (3’ -7 -dimethyloctyloxy) -1, 4-
_phenylehevinylene) (MDMO-PPV) or cyano-polyphenylene vinylene

(CN-PPV) and the second organic component 'may comprise a

fullerene. The fullerene may be a conductive fullerene. The
fullerene may comprise a methano-functionalized C60 derivative.

The fullerene may comprise [6,6]-phenyl Cg butyric acid methyl

ester (PCBM) or [6,6]-phenyl C; butyric acid methyl ester

(PC71BM) , as exemplified in the structure below.

The amphiphilic layer may be disposed adjacent to the
organic layer. The amphiphilic layer may be a monolayer. This
amphiphilic layer may comprisg a plurality of single amphiphilic
molecules; The  amphiphilic layef may be transparent and
conducting at the nanoscale. Advantageously, this .amphiphilic

layer or monolayer may enhance the connection between the

. organic layer and the metal _cathode  not only because it may

circumvent carrier traps but also because it may act as an
efficient carrier channel. Further advantageously, the.

amphiphilic layer or monolayer may provide a more compact
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connecting structure that may aid the stabilization of the
interface between the organic layer and the metal cathode,

thereby overcoming poor thermal stability and undesired.charge

 trapping ‘arising from incompact connection structure. Even more

advantageously, this layer or monolayer may also serve as an
efficient éarrier channel ©between the two 1aye£s, 'thereby
improving chérge collection. Notably, the presence of this
amphiphilic layer in the disclosed organic_elecﬁronic device may
not compromise the £fill factor (FF), open-circuit vgltage'(vmﬂ;
and the short circuit current {(Jsc) - ' -
The. single amphiphilic molecule may comprise anionic,
cationic, zwitterionic or non-ionic —molecules. The 'single
amphiphilic molecule may comprise a hydrophilic group at one.end
and a hydrophobic group at the other end. The,single-amphiphiiic

molecule may comprise, but are not limited to, an acid or metal

salt of; stearate, oleate, dodecyl sulfate, laureate,
dodécanoate, dodecyl - sulfonate, dodecyl |benzene sulfonate,
octanoate, dodecanoéte, myristate, palmitate, hexanoate,
octanoate-1-3C, butyrate, valproate, hexanocate- (carboxy-**C),

octyl sulfate, decyl sulfate, hexadecyl‘ sulfate, dodecyl

sulfate, tetradecyl sulfate, l-octanesufonate, 1-
‘heptanesulfonate, 1—Octanesuifonate . monohydrate, octadecyl
suflate, dioctyl sulfosuccinate, (R) -B-hydroxyisobutyrate,
acetate, deoxycholate, benzoate, deoxycholate monohydraﬁe,
ethoxide, salicylate, dodecylbenzenesulfonate, propionate,
acrylate, hexanesulfonate, pentanesulfonate, decénoate,
"ethanetholatéﬁ phenoxide, methanesuflonate, methanesulfinate,

cyclamate, xylenesulfonate or benzenesulfonate.
The single amphiphilic molecule may also comprise, but are

not limited to, biological amphiphilic compounds such as

“14
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phospholipids, cholesterol, glycolipids, fatty acids, Dbile
acids, saponins or any other forms of lipids.
The counter-ion for the single amphiphilic molecule may be

hydrogen, a group 1 metal or a group 2 metal. The counter-ion

 for the single amphiphilic molecule may comprise, but are not

limited to; H,‘Li, Na, K, Rb, Sr, Mg or Ca.
The . single  amphiphilic. molecule may comprise sodium

stearate, as exemplified by the structure beblow;

/\/\/\/\/\/"\/\/QJ\O'Na-{.
or sodium oleate, as exemplified by the structure below.

0]

/Wo-Na+
/\_/v\/( | |

The thickness of the amphiphilic layer‘ may depend on the
type of amphiphilic molecule. The thickness of the amphiphilic
layér may depend on the chain length of the molecule. Exemplary

thicknesses may be in the range of about 0.1 to about 10.0 nm,

.about 0.1 nm to about 1.0 nm, about 0.1 nm to 2.0 nm, about 0.1

nm to about 3.0 nm, about 0.1 nm to about 4.0 nm, about 0.1 nm
to about 5.0 nm, about 0.1 nm to about 6.0 nm, about 0.1 nm ,to
about 7.0 nm, about 0.1 nm to abbut 8.0 nm, about 0.1 nm to
abQut 9.0 nm, about 1 nm to 2.0 nm, about 1 nm to about 3.0 nm, -

about 1.0 nm to about 4.0 nm, about 1.0 nm to about 5.0 nm,

about 1.0 nm to about 6.0 nm, about 1.0 nm to about 7.0 nm,
about 1.0 nm to about 8.0 nm, ébout 1.0 nm to about 9.0 nm,
about 1.0 nm to about 10.0 nm, about 2.0 nm to about 3.0 nm, .
about 2.0 nm to about 4.0 nm, about‘ 2.0 nm to about 5.0 nm,
about 2.0 nm to about 6.0 nm, about 2.0 nm to about 7.0 nm,
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about

2.0 nm to about 8.0 nm, about 2.0 nm to about 9.0 nm,
about 2.0 nm to about 10.0 nm, about 3.0 nm to about 4.0 nm;
about 3.0 nm to about 5.0 nm, about 3.0 nm to about 6.0 nm,
about 3.0 nm to about 7.0 nm, about 3.0 nm to about 8.0 nm,
about 3.0 nm to about 9.0 nm, about 3.0 nﬁ to about 10.0 nm,
~about 4.0 nm to about 5.0 nm, about 4.0 nm to about 6.0 nm,
about 4.0 nm to about 7.0 nm, about 4.0 nm to about 8.0 nm,
about 4.0 nm to about 9.0 nm,'about 4.0 nm to about 10.0 ﬁﬁ,
about 5.0 nm to about 6.0 nm, about 5.0 nm to about 7.0 nm,
about 5.0 nm to about 8.0 nm, about 5.0 nm to about 9.0 nm,
about 5.0 nm to about 10.0 nm, about 6;0 nm>to about 7.0 ﬁm,
about 6.0 nm to about 8.0 nm, about 6.0 nm to about 9.0 nm,
about 6.0 nm to about 10.0 nm, about 7.0 nm to about 8.0 nm,
about 7.0 nm to about 9.0 nm, about 7.0 nm to about 10.0 nm,
about 8.0 nm to about 9.0 nm, about 8.0 nm to about 10.0 nm or
about 9.0 nm to about 10.0 nm. It 1is to be noted as defined

above, the amphiphilic layer may be an amphiphilic monolayer if
the layer thickness is equivalent to the molecular chain length
of the amphiphilic molecules used. -
The amphiphilic monolayer may have a thickness of about 1.0
hm, 2.0 nm, 3.0 nm, 4.0 nm, 5.0 nm, 6.0 nm, 7.0 nm, 8.0 nm, 9.0
nm or 10.0 nm. It is to be appreciated that the above ranges or
specific values are not particularly limited and can be adjusted
as desired. Advantageously, the thickness of the amphiphiiic
layer'may be chosen to obtain optimized efficiency and prevent
possible complications due to ion motion and concominant
redistribution of internal electric fields in‘ the device. The
thickness of the amphiphilic layer or monolayer may also be the
chain length of the amphiphilic molecule. If sodium stearate or
sodium oleate is used as the amphiphilic molecule in the
amphiphilic monolaYer, then the monolayer may have a thickness
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of about 2.0 nm. Advantageously, when the thickness of the
amphiphilic monolayer coincides with the chain length of the

molecule, the carriers may possess Improved mobility at single

' mbletular_chain length which aids the transfer of chérges to the

second conductive cathode. For sodium stearate and sodium oleate
an amphiphilic layer thickness of 1 nm or 5 nm, that is a non-
optimal laYer thickness, may result in a decrease in the power
conversion efficiency.

The organic electfonic device may be encapSulated. before
removal into ambient atmosphere. The‘encapsuiation may be done
with a barrier material. The organic electronic device may be
fabricated on a glass substrate and encapsulated with a glass
lid in a glove box, sealed with a seélant. The sealant may be
cured via ultraviolet irradiation for four minutes. » /

A method for fabricating an organic electronic device may
comprise the steps of: (i) forming a first conductive layer;
(ii) spin coating a mixture of polymers on said first conductive
layer to form an organic layer; (iii) inserting an amphiphilic
monolayer between said organic layer and a second conductive
layer; and (iv) depositing said second conductive layer after
inserting said amphiphilic layer.

The method may be used to fabricate an ofganic electronic

“device that is a bulk heterojunction organic photovoltaic (OPV)

device. The method may be wused to fabricate other orgaﬁid
electronic device such as organic light-emitting diodes, organic
thin-film transistors, or biological and chemical sensors.

~ The method may comprise the step of forming a first
conductive layer which may serve as the anode. This anode formed
may bev transparent. This anode formed may comprise é glass
substrate with patterned ITO. The method for patterning a glass
substrate with ITO ‘to form said transparent anode may be to

17



10

15

20

25

30

WO 2014/104976

deposit ITO onto

polished

soda

PCT/SG2013/000551

lime float glass, and

subsequently depositing a S1i0, barrier coating between the ITO

and the glass. Thin films of ITO may be deposited on surfaces by

physical vapor deposition.-

Physical vapor deposition may

comprise electron beam evaporation

or a range of sputter

deposition techniques. The anode formed in the above method may

comprise a clear plastic substrate, instead of glass, patterned

with ITO. The anode formed may further comprise metal, a metal

oxide or any cbnduéting material which may be patterhed on the

substrate. The patterned

graphene, indium zinc oxide,

metal

used way comprise silver,

aluminium zinc oxide, gallium =zinc

oxide, SnO,:F or indium tin oxide (ITO). Patterning of the anode

may increase the interfacial area for charge collection. This

feature may also be applied to the cathode to obtain a similar

advantage.  Accordingly,

when

the

anbde and cathode -are

overlapped with each other to form an active area, the patterned

anode and/or cathode may enhance the performance of the OPV

devices due to the

collection within the active area.

increased

interfacial area for charge

The substrate used in the above method may be rigid or

flexible, with the

choice

of

substrate depehding on its

suitability for the particular application. Advantageously, the

rigid substrate may allow a longer iifetime for the device,

while the “flexible substrate may allow application of the device

as flexible thin films on curved surfaces or in space-limited

applications. As

transparent glass

illustrated

is

used

as

above, when conventional

the

substrate, it imparts

mechanical strength (rigidity) to the device as a whole. However,

such a device would not be able to bend without being broken. On

the other hand, if a clear plastic is used, such devices may

bend sufficiently without breaking apart.
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The clear plastic substrate used in the above method may

.~ have a proper permeation'barrier suitable for OPV applications.

Ba51cally, thlS means that the clear plastic substrate may be a

v151ble light or uv

applications.

transparent substrate suitable for OPV

The method may further comprise dep051t1ng ‘an interface

layer onto the transparent anode by spin coating. The interface

materlals used in

/ semiconducting or conducting layers.

‘organic or inorganic

polymers. The polymers may be ionomers.

this method may be non—conducting,

This interface 1layer may

These materials may be

comprlse a

-polymer. This interface layer may also comprise a mixture of two

It is to be,noted that

the polymers used for this interface layer may be non-conducting,

semiconducting or conducting. This interface layer may also

comprise PEDOT:PSS (poly(3,4—ethylenedioxythiophene):polystyrene

sulfonic acid), 2no,

TiOz, MoO;, Al20; or LiF. The spin coating

may be carried out by applying components of the layer onto the

center of the substra

ITO. already formed on

low speed or not spinning at all.

te (with or without the anode material or

the substrate), which may be spinning at

The substrate may then be

rotated at high speed in order to spread the interface material

by centrifugal force.

The 1nterface layer deposited may have a

thickness in the range of about 1 nm to about 1000 nm. The

interface layer may have a thickness range of about 1 nm to

about 10 nm, about 1

nm, about 1 nm to about 40 nm,

1 nm to about 100 nm,
about 500 nm, about 1

30 nm, about 10 nm to

about 10 nm to about 100 nm,

10 nm to about 500 nm,

nm to about 20 nm, about 1 nm to about 30

about 1 nm to about 50 nm, about

about 1 nm to about 200 nm, about 1 nm to

0 nm to about 20 nm, about 10 nm to about

about 40 nm, -about 10 nm to about 50 nm,

about 10 nm to about 1000 nm,
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to about 30 nm, about 20 nm to about 40 nm, about 20 nm to about

about 20 nm to about 500 nm, about 20 nm to about 1000 nm,

730'hm:t6 abbuf 40 nﬁh'abbuﬁ'301nm to about 50 nm,.about 30

about 100 nm, about 30 nm to about 200 nm, about 30 nm to

500 nm, about 30 nm to about 1000 nm, about 40 nm to about

about 40 nm to about 100 nm, about 40 nm to about 200 nm,
40 nm to’about 500 nm, about 40 nm to about 1000 nm, about
to about 100 nm; about 50 nm to about 200 nm; about 50
about 500 nm, about 50 nm to about 1000 nm, about 100
about 200 nm, about 100 nm, to about 500 nm, about 100
about 1000 nm, about 200 nm to. about 500 nm, about 200

50 nm, about 20 nm to about 100 nm, about 20 nm to about 200 nm,

about -

nm to

about .

50

nm,

about

50
nm

nm

nm,

nm

nm
to
to
to
to

1000 nm or about 500 nm to about 1000 nm. The thickness of the

interlayer may be achieved by spin coating at  a specific'

rotational speed.

The method may comprise depositing an organic layer on the

above interface layer by spin coating. The organic layer may

comprise organic polymers, organic molecules or a mixture

thereof. This organic layer may be a bulk heterojunction blend.

The bulk heterojunction blend may comprise a first polymeric

component and a second organic component, wherein the first and

second components may be mixed in a dissolution agent before

spin coating. The ratio of the two components may depend on the

type of materials used for each respective component. The first

polymeric component may comprise‘low—band gap p-type materials.

The second organic component may comprise low-band gap n-type

materials. The heterojunction blend may be formed by mixing a

first polymeric component comprising poly (3-hexylthiophene-2,5-

diyl) (P3HT) poly{(benzo—2,1,3—thiadiazdl—4,7—diyl)-alt—(3',4"f

di(2-octy1dodecyl)42,2';5',2";5",2"’-quaterthiophen—S,S"'—

diyl) } (POD2T-DTRBT) , poly [2-methoxy-5- (2-ethylhexyloxy) -1, 4-
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phenylenevinylene] (MEH-PDPV) , | poly (2-methoxy-5- (3 -7/ -

'dimethyloctyloxy)~1,4—phenylenevinylene) (MDMO-PPV) or cyano-

polyphenylene vinYlené (CN¥PPV) with a second organic component
comprlslng conductlve fullerenes such as [6,6] -phenyl Ce butyric
acld methyl ester (PCBM) or [6,6]-phenyl C,; butyric-acid methyl
egter (PCHBM), dissolved in 1,2-dichlorobenzene. ‘

The method may comprise inserting an amphiphilic layer -
which may be depqsited onto the organic layer via a physical,

chemical or solution deposition process. This amphiphilic layer

‘may be a monolayer. Advantageously, this ‘insertion of an

amphiphilic layer or monolayer may enhance the connection
between the organic layer and the metal cathode not only because
of the above advantage in circumventing carrier traps but also
because it may act as an efficient cdarrier channel. More
advantageously, the amphiphilic laYer or monolayer may provide a
more compact connecting structure that aids the stabilization of
the interface between the ofganic layer and the metal cathode,
thereby overcoming poor thermal stability and undesired charge
trapping arising from incompact connection structure. = The
amphiphilic'layer or monolayer may form the compact connecting
structure between the two différent materials of the organic
layer and the metal cathode by possessing a hydrophobic moiety
that has high- affinity for the organic ‘layer and a hydrophlllc
moiety that has high affinity for the metal cathode.

The deposition of the amphiphilic layer or monolayer méy be
carried out by thin film deposition. This thin film deposition
method may compriée thermal evaporation or solution processes.
The thin film deposition may comprise thermal evaporation, spinA
coating, spray coating, screen printing, blade coating or-any of
their combination thereof. It is to be noted that any other
depositibn methods known to the skilled person may be used as
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long as it fulfills the function of depositing the amphiphilic

layer onto the organic layer. Advantageously, the deposition of

the amphiphilic Tayer on the organic layer may allow the

" formation of a monolayer of amphlphlllc molecules Wthh may

separate the organic layer from the cathode. This may prevent
atomic diffusion and reactions between the organic layer and the
metal céthode. By using said thin film deposition technlques,
deposition of a thin layer of desired amphlphlllc layer or
monolayer may be achieved. | ’

The amphiphilic layer or monolayer may' be deposited onto
the organic layer by thermal ~evaporation. This thermal
evaporation methéd may be carried out by heating an organié
material in vacuum. The Vacuum may be created in a vacuum
chamber. The substrate may be placed several centimeters away
from the source such that the evaporated material may be
directly depdsited onto the substrate. AdVantageously, this
method of thermal evaporation may be a physical deposition
process that may allow deposition of many layers of different

materials without any  chemical interactions between the -

‘different layers.

The amphiphilic layer or monolayer may be deposited onto
the organic layer by spin coating. The amphiphilic layer may be
formed by spin rotation at a range of about 500 to about 5000
rpm at room temperature.

The amphiphilic ' layer may also‘ be deposited onto the
organic layer by screen printing or blade coating.

The amphiphilic monolayer deposited onto the organic layer
may comprisé a plurality of single amphiphilié molecules

disposed between the organic layer and the cathode metal which

may be Subsequently deposited. The single amphiphilic molecule

may. be selected from, but are not limited to, the group
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consisting of an acid or metal salt of stearate; oleate, dodecyl
sulfate, . laureate, . dodecanoate, dodéc?l sulfonate, dodecyl
benzene sulfonate, ectanoate, dodecanoate, myristate, palmitate,
heXanoate? octanoate-1-*’cC, buﬁyrate, valproate, hexanoate-

(carboxy—“C)r'octyl sulfate, decyl sulfate, hexadecyl sulfate,

dodecyl  sulfate, tetradecyl sulfate,. ‘1—octanesufonate, 1-
heptanesulfonate,  1-octanesulfonate bmonohydrate, octadecyl
suflate, dioctyl sulfosuccinate, ‘(R)rB—hydroxyisobutyrate,
acetate, deoxychdlate, benzoate, deoxycholate monohydrare,
ethoxide, ~salicylate, dodecylbenzenesul fonate, propionate,
acrylate, | hexanesulfonate, pentanesul fonate, decanoate,
ethanetholate/ phenoxide, methanesuflonate, methanesulfinate,

cyclamate, xylenesulfonate and benzenesulfonate. The amphiphilic

molecules used may comprise any of the abovementioned substance.
The counter-ion for the single amphiphillc molecule may be

selected from hydrogen, a group 1 or group 2 metal. The couﬁter—

ion for the single amphiphilic molecule may be selected from,

but are not limited to; H, Li, Na, K, Rb, Sr, Mg or Ca.

Sodium stearate or sodium oleate may be wused as the
amphiphilic molecule for deposition onto the organic layer.

According to the method of the present disclosure, varying
amountsv of the amphiphilic molecules may be deposited on the
organic layer to form an amphiphilic layer that may have a
thickness in the range of about 0.1 to about 10.0 nm. This layer
deposited may be form a monolayer The amphiphilic layer may be
deposited at a thickness that may depend on the type of
amphiphilic molecule The amphiphilic layer may be deposited at
a thickness that may depend on the chain length of the molecule.
The thickness of the amphiphilic layer may be controlled by
varying the evaporation time .during' thermal evaporation or by
varying the‘concentration and coating conditions during solution
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processes. The deposition rate may be 0.1 to 1 A/s. The
thickness of the amphiphilic monolayer may'.be .controlled by

varying the evaporation time during thermal evaporation.

Exemplary thicknesses at which the amphiphilic layer may ‘be

deposited may be selected from thé range of about 0.1 to about

©10.0 nm, about 0.1 nm to about 1.0 nm, about 0.1 nm to 2.0 nm,

about 0.1 nm to about 3.0 nm, about 0.1 nm-to about 4.0 nm,
about 0.1 nm to about 5.0 nm, about 0.1 nm to about 6.0 nm,
about 0.1 nm to about 7.0 nm, about 0.1 nm to about 8.0 nm,
about 0.1 nm to about 9.0 nm, about 1 nm to 2.0 nm, about 1 nm

to about 3.0 nm, about 1.0 nm to about 4.0 nm, about 1.0 nm to

about 7.0 nm, about 6.0 nm to about 8.0 nm, about nm to

nm to

about 5.0 nm, about 1.0 nm to about 6.0 nm, about 1.0 nm to
about 7.0 nm, about 1.0 nm to about 8.0 nm, about 1.0 nm to
about . 9.0 nm, | about 1.0 nm to about 10.0 nm, about 2.0 nm to
about 3.0 nm, about 2.0 nm to about 4.0 nm, about 2.0 nm to
about 5.0 nm, about 2.0 nm to about 6.0 nm, about 2.0 nm to
about 7.0 nm, about 2.0 nm to about 8.0 nrﬁ, about 2.0 nm to
about 9.0 nm, about 2.0 nm to about 10.0 nm, about 3.0 nm to
about 4 .0 nm, about 3.0 nm to about 5 0 nm, about 3.0 nm to
about 6.0 nm, about 3.0 nm to about 7.0 | nm, about 3 0 nm to
a,bbut 8.0 nm, about 3.0 nm to about 9.0 nm, about 3.0 nm. to
about 10.0 nm, about 4.0 nm to about 5.0 nm, about 4.0 nm tb_
about 6.0 nm, about 4.0 nm to about 7.0 nm, about 4.0 nm to
about - 8.0 nm, about 4.0 nm to about 9.0 nm, about 4.0 nm 'to
about 10.0 nm, about 5.0 nm to about 6.0 nm, about 5.0 nm to
about 7.0 nm, about 5.0 nm to about 8.0 ‘'nm, about 5.0 nm to
~about 9.0 nm, about 5.0 nm to about 10.0 nm, about 6.0 nm to

6.0

7.0

7.0

nm to-
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about 10.0 nm, about 8.0 nm to about 9.0 nm, about 8.0 nm to

about 10.0 nm of about 9.0 nm to about 10.0 nm.

The amphiphilic layer or Inonolayer‘ may be deposited at a

thickness of about 1.0 nm, 2.0 nm, 3.0 nm, 4.0 nm, 5.0 nm, 6.0

nm, 7.0 nm, 8.0 nm, 2.0 nm or 10.0 nm. If sodium stearate or

© sodium oleate is the amphiphiiic molecule being used in the

amphiphilic layer, the amphiphilic monolayer may be deposited at

a thickness of 2.0 nm. The thickness of the amphiphilic layer or

monolayer may be controlled by changing the

amount of

amphiphillic molecule being deposited during the deposition

précess.‘Advantageously, this thickness may have the optimized

efficiency and prevent possible complications dué to ion motion

and concominant redistribution of internal electric fields in

the device. This thickness may also be the chain length of the

amphiphilic molecule. When the thickness of the

amphiphilic

monolayer deposited coincides with the chain length of the

molecule, the carriers may possess improved mobility at single

molecular chain length which aids the transfer of charges to the

second conductive cathode. For sodium stearate and sodium oleate,

an amphiphilic layer deposited with a thickness of 1 nm or 5 nm,

which is a non-optimal layer thickness, may result in a decrease

in the power conversion efficiency.

Subsequently, the method may comprise depositing a second

conductive layer onto the amphiphilic layer or monolayer which

may serve as a cathode. This may be carried out. by spin coating,

thermal evaporation or any other deposition methods known to the

skilled person as long as the cathode can be déposited onto the

amphiphilic 1layer or monolayer. The cathode deposited may

comprise a metal or an alloy of a metal selected from group 1,

group 2, group 3 or transition metals. The cathode deposited may

be selected from the group consisting of Ca, Li, Ba

25
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Ag. The cathode deposited may'also.comprise halogen salts of Li,
Li salt alloys with Al and combinations thereof. The cathode may
also comprise LiF/Al or a combination of this material with at
least dne of‘the abovementioned metals.

The-aevice may be encapsulated before removal into ambient
atmosphere by a process known to a person'ékilled in the art.
The encépsulation may protect the device‘frqm air and moisture
which may contribute to the degradation of the device. The

organic electronic device may be fabricated on a glass substrate

‘and encapsulated with a glass 1lid in a glove box with both

oxygen and moisture levels that may be less than 1 ppm. The
sealant used to encapsulate the organic electronic device méy be
cured by irradiation with UV-light for 4 minutes.

There is provided an organic electronic device fabricated
acéording_ to the methods ‘deséribed above. = Such organic
electfonic device may possess the above technical advantagés
over conventional organic electronic devices as it comprises the

amphiphilic monolayer.

Brief Description Of Drawings

The accompanying drawings illustrate a disclosed embodiment
and serves to éxplain the principles of the disclosed
embodiment. It is to be understood, however, that the dfawings
are designed for purposes of illustration only, and not as a
definition of the limits of the invention.

Fig. la is a schematic diagram showing the structure of an
organic photovoltaic device without the amphiphilic monolayer.

Fig. 1b is a schematic diagram showing the structure of an
organic photovoltaic device .with the amphiphilic monolayer

inserted.
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Fig. 2 is a schematic diagram depicting the interface
between the organic layer and Nast amphiphilic monolayer.

Fig. 3a is a graph depicting the current den81ty voltage
(J-V) characteristics of P3HT:PC,,BM deV1ces with and without-the
sodium stearate and sodium oleate amphiphilic monolayer before
and after anﬁealing. _ ,

Fig.. 3b is a graph depicting the J-V characteristics of-
POD2T-DTBT:PC;;BM devices with énd'mdthout the sodium stearate
amphiphilic monolayer before and after annealing.

Fig. 4a is a graph depicting a plot of the éfficiency decay

(normalized power conversion efficiency (PCE) against time) for

P3HT:PC7;BM devices. The curves are each normalized by the
initial wvalue at the start of the aging process. Each point
représents the average data for four devices of each type. The
error bars show the highest and lowest values at each point.

Fig. 4b is a graph depicting a plot of the efficiency decay
(normalized power conversion efficiency (PCE) against time) for
POD2T-DTBT:PC7:BM devices. The curves are each normalized by the
initial wvalue at the start of the aging process. Each point
represents the average data for four devices of each type. The

error bars show the highest and lowest values at each point.

Detailed Description Of Drawings
Fig. la is a schematic diagram showing the structure of an
organic photovoltaic device 100 without the amphiphilic

monolayer 9. The bottom most layer comprises the transparent

~anode 1 which is made up of a glass substrate with patterned

indium tin oxide (ITO) (both are shown as a combined layer 1).

The organic electronic device 100 also comprises an interface

layer 3 which may be a 30.0 nm thick PEDOT:PSS (poly (3,4-

ethylenedioxythiophene) :polystyrene sulfonic acid) ~.1ayer
27
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disposed  adjacent to ‘the transparent anode 1. The device 100

further comprises an organic layer 5 which may be made up of a

bulk - heterojunction blend dissolved in 1,2—dichlorobenzene,

_.solution  deposited onto the interface 1layer 3. This bulk

heterojunction blehd comprises a first: poiymeric' component
selected from either P3HT or  BPOD2T-DTBT, and a second oxrganic
component comprising PC;;BM. For a normal organic photovoltaic
device’lOO without the amphiphilic monolayer 9, the cathode 7 is
deposited onto the organic layer 5.

As for an brganic photovoltaic device 110 with the
amphiphilic monolayer 9 as represented by Fig. 1lb, the structure
is Dbasically the same as described above except - that the
amphiphilic monolayer . 9 1is deposited onto the bfganic layer 5
before depositing the cathode 7. Deposition of the monolayer 9
may be carried out via spin coating, thermal evaporation br a
solution process. | | ‘

Fig. 2 1s a schematic diagram depicting the interface
between the organic layer 5 and the amphiphilic'monolayer 9. As
depicted in Fig. 2, the amphiphilic monolayer 9 is comprised of
sodium stearate molecules. When the monolayer 9 is deposited,
the hydrophobic end of the sodium stearate moleculesiis attached
to the organic layer 5 while the other hydrophilic end which
comprises the sodium salt of a carboxylate group will come into
contact with the subsequently deposited cathode (not shown in

this figure).

Examples
Non-limiting examples of the invention will be further
described in greater detail by reference to specific Examples,
which should not be Construed as in any way limiting the scope
of the invention.
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- Example 1l: Preparation of Ofganic Photovoltaic (OPV)

Devices
To examine the amphiphilic function, two  different -
molecules, sodium stearate and sodium oleate, were used. Dévices
were fabricated by spin coating the bulk heterojunétion blend
(BHJ) from a 1,2-dichlorobenzene solution atop a 30.0 nm thick

PEDOT : PSS (poly(3,4—ethylenedioxythiophene):pOlystyrene sulfonic

‘acid) layer on glass substrates with patterned indium tin oxide

(ITO) .

The organic layer of the fabricated devices cOmpriséd of
two different BHJ blends. One BHJ blend comprised P3HT with
PC7:BM ‘while the other_ comprised POD2T-DTBT with' PCHBM} An
example of a device comprising POD2T-DTBT with PCHBM may. have

the following layer compositions and thicknesses:

'Normal Device without Amphiphilic Layer

‘ITO/PEDOT:PSS — 25 nm to 40 nm-

POD2T-DTBT:PCyBM — 200 nm
Al - 100 nm

Subsequently, a 2.0 ﬁm amphiphilic monclayer was either
deposited by thermal evaporation or a solution process on the
organic layer. An example of a device comprising POD2T-DTBT,
PC7;1BM and an amphiphilic monblayer may have the following laYer

compositions and thicknesses:

- Device with Amphiphilic Monolayer

ITO/PEDOT:PSS - 25 to 40 nm

POD2T-DTBT:PC-BM - 200 nm

Nast - 2 nm
Al - 100 nm.
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The 2.0 nm thickness was chosen to optimize efficiency and

prevent possible complications due to ion motion and concomitant

redistribution of internal electric fields in the device.

‘“Notably, the carrier had improved mobility at this single

molecular chain . length. Moreover, the amphiphilic layer
ﬁhickness' coincides with the chain vlength. of the amphiphilic
molecule. “ | | | .
 An exemplifiéd structure of the fabricated devices with- the

amphiphilic monolayer, as described above, is depicted in Fig.
1b and 2. | |

Meanwhile, normal devices which  were fabricated in a
similar manner = except without the amphiphilic monolayer . as
exemplified above, is illustrated in Fig. 1a. |

These devices were furthérv encapsulated by standard
techniques to block moisture and. oxygen diffusion to avoid
further degradation of the device.

Outlined below are some alternative examples of‘the layer

compositions and thicknesses in some exemplary organic

- electronic devices that were fabricated, using a blend of P3HT

and PCgBM in place of a blend of POD2T-DTBT and PC,1BM as the

active organic layer.

Normal Device without Amphiphilic Layer

ITO/PEDOT:PSS - 25 nm to 40 nm
P3HT:PCBM - 200 nm
Al - 100 nm
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Device with Amphiphilic Monolayer

ITO/PEDOT:PSS - 25 to 40 nm

~P3HT:PCBM - 200 nm

" Nast - 2 nm

Al - 100 nm

The devices were fabricated by first performing a UV-ozone

treatment of the ITO substrate on the. transparént anode.

Following this,'a 30 nm film of PEDOT:PSS (Clevios P VP Al 4083)

interface layer was spin coated on the anode and annealed in an

inert atmosphere at 120 °C for 10 min.

Subsequently, a solution blend of P3HT:PCBM (1:0.8 w/w) or

POD2T-DTBT:PCyBM (1:1 w/w) in anhydrous o-dichlorobenzene were

spin-coated on the interface layer to form the active organic
layer. All spin coating processes were pefformed in a glove-box
under a nitrogen atmosphere. |

A 2 nm amphiphilic monolayer of sodium stearate was then
deposited by thermal evaporation or spin coating onto the
organic active layer.

Finally, 100 nm of aluminium was deposited by thermal

deposition onto the amphiphilic\monolayer to form the cathode.

Example 2: Current Density-Voltage (J-V) Characteristics of
the Varlous Organic Photovoltaic Dev1ces '

Current density-voltageA (J—V) characteristics of the
various devices prepared according to example 1 are shown in
Fig. 3a and 3b. J-V measurements were obtained under conditions
of 100 mW/cm® of simulated AM1.5G illumination.

In Fig. 3a, the resulting J“, Voc, FF, and PCE values of the
OPV devicés fabricated wusing P3HT in the organic laYer, as
determined from the J-V curves, were comparatively similar to
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normal structure devicés with and. without the insertion of the

amphiphilic monolayer. For the. normal device, the J-V curves

‘appear different before and after the annealiﬁg process, as the

PCE increases over 80 percent. This is Dbecause the annealing
process enhances the connection between the organic layer ahd
the cathode metal, making it more compact and thereby improving
the electrical performance of the device. 1In ~the devices
comprising the amphiphilic monolayer, the J-V curves are very
similar before and after the - annealing process, only
demonstrating a PCE increase of 2 percent. This is because the
amphiphilic layér already provides the compact connection
between the organic monolayer and the cathode metal even without
annealing. In fact, the J-V values of the devices comprising the
amphiphilic layer before annealing were found to be just as high
as the J-V value of the normal device after annealing,
suggesting that the insertion of the amphiphilic monolayer is
just as effective as the annealing process.

For OPV devices based on. the high performance p-type
polymer POD2T-DTBT, similar observations were made from the J-V
characteristics plot in Fig. 3b. A PCE increase ofAlo percent
was obtained from the annealed normal device, whereas the
increase was only 1 ‘to 2 percent in the device with the
amphiphilic monolayer, affirming the above édvantage.

— As shown in Fig. 3a and 3b, more particularly in Fig. 3a,
the post—annéaling process enhanced the charge connection at the
ofganic/metal interface, thus'increasing the Vo and Jg. of the
normal devices without the amphiphilic monolayer.

However, in OPV devices with the amphiphilic monolayer, the
J-V characteristics were found to be as good as those of the
post-annealed normal devices. These results imply that the
amphiphilic monolayer not only separates the metal cathode from

32



10

15

20

25

30

WO 2014/104976 PCT/SG2013/000551

organic active layer, but also acts as a good carrier channel
between them. A |

It should be further noted that for Nast and Naol, when an
amphiphilic layer thickness of 1. nm or 5 nm is deposited, a

decrease in the power convérsion efficiency to about 10 to 20

percent resulted due to a non-optimal layer thickness.

Example 3: Operational lifetimes Analysis of the Various
’ Organic Photovoltaic Devices -

The samples from example 2 were then encapsulated before

‘exposing them to ambient: atmosphere. To .determine their’

operational lifetimes, the devices were inserted into a home-
made testing chamber where they were aged under a calibrated 100
mW/ cm? simulated AM1.5G illumination at 6045 °C in open-circuit
conditions. Due to the elevated'tésting tempefature, accelerated
degradation was expected. The early stages of OPV device
degradation can typically be differentiated into two steps: an
initial “burn-in” period charaéterized. by exponential loss of
power conversion efficiency (PCE), followed by an extended
period of slow linear decay. ‘ ‘

The degradation profiles (PCE against time plot) for the
various devices are depicted in Fig. 4a and 4b. The curves were
normalized to their initial wvalues at the start of the aging
process and the data points represent the average value for four
devices of each type of polymer used. The error bars for each
point represent the ﬁaximum and minimum values for the devices
at each of the data points.

“Burn-in” for the normal device without the amphiphilic

- monolayer was observed to be steep within the first 10 h of

aging, with at least a 40% loss in PCE by the 70 h mark as

observed from both Fig. 4a and 4b.
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In comparison, less PCE degradation was observed from the
profiles of devices based on P3HT:PC,,BM or POD2T-DTRBT : PC,;BM

fabricated with the amphiphilic monolayer shown in Fig. 4a and

 4b respectively.

As shown in Table 1, compared with normal OPV- devices, the
operation lifetime (the definition of lifetime is the decrease
in efficiency to 60% of the original value) of OPV devices with
an amphiphilic monolayer were enhanced by 20 times and 4 times

for P3HT:PC/BM or POD2T-DTBT:PC7,BM based devices respectively.

Table 1: Operation Lifetime of OPV Devices with and without the

Amphiphilic Monolayer

Lifetime of normal Lifetime of OPV with"
Sample ’
oPV sodium stearate
"P73HT-:PC71BM 40hrs (at 60% PCE) ~800hrs (at 60% PCE)
POD2T-DTBT: PC7;BM 44hrs (at 60% PCE) ~180hs (at 60% PCE)

Comparing between P3HT:PC7,BM with and without the
monolayer, the P3HT:PC,;BM devices with a 2.0 nm amphiphilic
monolayer (Nast or Naol) featu?ed'significantly higher stability
and longer lifetime with no ebvious “burn-in” as observed from
Fig. 4a.

For normal OPV devices based on POD2T-DTBT:PC,;BM without
any - monolayer, . the ‘efficiehcy degradation under 1 sun
illumination or no iilumination. in the test chamber exhibited
similar cheracteristics and degradation features (also see Fig.

4b) that were 1less desired than the POD2T-DTBT: PC,:BM based

‘devices with the monolayer. This implicitly meant that thermal

decay plays a major role in the device degradation. The profile

labeled Nast in Fig. 4(b) further indicates significant
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enhancement in the lifetime of POD2T-DTBT: PC,;BM de&ice with the
amphiphiiic monolayer: Evidently, the nanoscale amphiphilic
monolayer provided effective photo and thermal interface
buffering effecté in 0PV deviées, as explained in preceding

paragraphs, thus‘increasing the stability and operation'lifetime

of OPV devices tremendously. By having the amphiphilic layer

separating the organic and metal cathode interface, interactions
between these layers such as atomic diffusion and other possible
reactions were minimized thereby enhancing the lifetime (PCE) of

the devices.

Applications

The disclosed organic electronic device may ‘be more
resistant to degradation than conventional organib electronic
devices and may possess improved .photo—stability' and thermél—‘
stability. ‘ _ /

The -discloséd organic electronic device may comprise an
amphiphilic monolayer that enhances the connection and
stébilization of the ‘interface between the organic layer and the
metal cathode. This amphiphilic  monolayer may mitigate

degradation issues by preventing layer separation as it forms a

- more compact connecting structure between the organic layer and

the metal cathode. This monolayer may also serve as an efficient
carrier channel between the two layers; thefeby improving chafge
collection. The presence of this monolayer in the disclosed
organic electronic device may not compromise the f£ill factor
(FF), open-circuit voltage (Voe), and the short circuit current
(JTsc) -

The disclosed organic electronic device may have an
improved lifetime and power conversion efficiency, as well as
being more resistant to the “burn-in” phenomenon.
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The disclosed organic electronic device may have suitable

applications as bulk heterojunction organic photovoltaic

~ devices, organic light-emitting diodes and organic thin-film

transistors, as well as bidlogical and chemical sensors.

The disclosed organic device may also mitigate the
limitation that suitable materials compatible between the
organic layer and the metal cathode are lacking.

The disclosed organic'electronic device may lead to cost-
savings as the organic-‘electronic ‘devices are cheaper to
manufacture than conventional inorganic devices.

The disclosed organic electronic dévice may aid in the
commercialization of OPV devices.

The di;cloéed method of fabrication for the disciosed
organic'electronic device may include inserting an amphiphilic
layer between the organic layer and the conducting cathode.

The insertion of  this amphiphilic monolayer may impart
photo-stability and thermal-stability to the disclosed organic
electronic device. | '

The disclosed method of inserting the monolayer may enhance .
the connection and stabilization of the interface between  the

organic layer and the metal cathode. The inserted amphiphilic

monolayer may mitigate degradation issues by preventing layer

separation as it forms a more compact connecting structure
between the organic layer and the meﬁai cathode. This inserted
monolayer may also serve as an efficient carrier channel between
the two layers, thereby improving charge collection.

The disclosed method may not compromise the £ill factor
(FF), open-circuit voltage (Voc), and the short circuit current
(Jsc) - |

The disclosed method may result in the disclosed organic
electronic device having an - improved 1lifetime ‘and power
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conversion\efficiency, as well as being more resistant to the
“burn-in” phenomenon.

The disclosed method may overcome the restriction on the
types of materlals that are compatlble between the organlc 1ayer
and metal. v _

.The disclosed method of fabrlcatlon for the disclosed
organic electronlc device may have useful applications in the
fabrication - of devices such as bulk heterojunction organic
photovoltaic devices, organic light-emitting diodes and organic
thin-film transistors, as well as biological and chemical
sensors. »

The disclosed method of fabrication may lead to cost-.
savings as the disclosed organic electronic devices are cheaper
to manufacture than conventional inorgénic devices.

The disclosed method of fabrication may aid in the
commercialization of OPV devices. |

It will be apparent that various other modifications and
adaptations of the invention will be apparent to the person
skilled in the art after reading the foregoing disclosure
without departing from the spirit and scope of the invention and
it is intended that all such modifications and adaptatlons come

within the scope of the appended claims.
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Claims

1. An organic electronic device comprising:

(i) a first conductiﬁe layer and a second conductive layer;

(ii) an organic layer dispdsed between said first and
second conductive layer; and

(iii) an amphiphilic layer disposed between said organic

layer and the second conductive layer. .

2. ' The device according to claim 1, wherein said organic
electronic device is a bulk heterojunction organic photovoltaic

(OPV) device.

3. The device according to claims 1 or 2, wherein the

first conductive layer serves as an anode.

4. The device according to claim 3, wherein said anode is
transparent.
5. The device according to claim 4, wherein said

transparent anode comprises a transparent substrate with a

transparent conducting oxide.

6. The device according to any of the preceding claiﬁs,

wherein said second conductive layer serves as a cathode.

7. The device according to claim 6, wherein said cathode
comprises materials selected from the group consisting of Ca,
Li, Ba, Mg, Al, Ag, Ag, halogen salts of Li, Li salt alloys with

Al and combinations thereof.

38



10

15

20

25

30

WO 2014/104976 PCT/SG2013/000551

8. The device according to any of the preceding claims,
further comprising an 1nterface layer disposed between the first

conductive- layer ard the organlc layer.

9. The device according to any of the preceding claims,

wherein said organic layer comprises a blend of a first

polymeric component and a second organic component .

10. The device according to -claim 9, wherein said first

polymeric component comprises a conductive polymer.

11. The device according 'to claim 9, wherein said second

organic component comprises a conductive fullerene.

12. The device according to any of -the preeeding claims,
wherein said amphiphilic¢ layer comprises a monolayer of

amphiphilic molecules.

13. The device according -to. claim 12, . wherein said

amphiphilic monolayer has a thickness in the range of 0.1 to

10.0 nm.

14; A method for fabricating an organlc electronlc dev1ce,
comprlslng

(i) forming a first conductive layer;

(idi) coatlng a mixture of organic materials on Sald flrst
conductive layer to form an organic layer;

(111) inserting an amphiphilic layer between said organic
layer and a second conductive layer; and

(iv) depositing said second conductive layer after
inserting said amphiphilic layer. | ‘
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15. The method according to claim 14, wherein said forming

~step (i) comprises patterning a transparent substrate with a

transparent conducting oxide to form said first conductive layer.

16. The method according to claim 14 or 15, further
comprising forming an interface layer on the first conductive

layer.

17. The method according to claim 16, wherein said

interface layer is spin-coated on said first conductive layer.

'18. The method according to any one of claims 14 to 17,

wherein said coating step (ii) comprises spin coating.

19. The method according to any one of claims 14 to 18,
wherein said coating mixture of organic materials in step -(ii)

comprises a bulk heterojunction‘blend.

20. The method according to claim 19, wherein said
heterojunction blend comprises a first polymeric component and a
second organic component mixed in a. dissolution agent before.

spin coating.

21. The method according to any one of claims 14 to 20,
wherein said insertion step (iii) comprises a physical, chemical

or solution deposition method to form the amphiphilic layer.

22. The method according to claim 21, wherein =s=aid
deposition method comprises thermal evaporation, spin coating,
screen printing, blade coating or a combination thereof.
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23. The method according to any one of claims 14 to 22,

wherein said depositing. step (iv) comprises ‘the deposition of

-material selected from the group ¢onsisting of Ca, Li, Ba, Mg,

Al, Ag, halogen salts of Li, Li salt alloyé with Al and

combinations thereof to form the second conductive layer.

24. An organic electronic device fabricated according to

the methods of claims 14 to 23.
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