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Description

[0001] The present invention relates to a method of
depositing aconjugated polymer layer, particularly a con-
jugated polymer layer for a light-emitting device (LED).
[0002] Light-emitting devices using as the light-emit-
ting layer a semiconductive conjugated polymer are
known. Figure 1 shows the construction of a simple light-
emitting device. A glass or plastics substrate 2 is coated
with an anode layer 4, for example in the form of indium
tin oxide. The anode can be patterned in the form of elon-
gate strips. The anode layer may be coated with a hole
transport layer. A light-emitting polymer layer 6 is then
deposited followed by the deposition of an electron trans-
port layer. The device structure is then completed by the
deposition of a cathode layer 8. By way of example, the
cathode layer can be calcium or aluminium. The cathode
layer 8 can be patterned in crosswise strips to define
pixels P where the anode and cathode overlap. Alterna-
tively with an unpatterned cathode, light emitting strips
can be defined. Further alternatively, the pixels may be
defined on an active matrix back-plane and the cathode
may be patterned or unpatterned. When an electric field
is applied between the anode and cathode, holes and
electrons are injected into the light-emitting polymer layer
6. The holes and electrons recombine in the polymer lay-
er and a proportion decay radiatively to generate light.
[0003] The hole transport layer can be comprised gen-
erally of any compound capable of sustaining hole trans-
port. Examples of suitable materials are organic conduc-
tors such as the following conducting polymers: poly-
aniline, polyethylenedioxythiophene and other polythi-
ophenes, polypyrrole, etc. in their doped forms. Other
alternative materials are conjugated polyamines and also
low molecular weight amines such as TPD.

[0004] The light-emissive layer may comprise any mo-
lecular or polymeric compounds which are capable of
sustaining charge carrier transport and also capable of
light emission under device driving conditions. Examples
include fluorescent organic compounds and conjugated
polymers such as Alg3, polyphenylenes and derivatives,
polyfluorenes and derivatives, polythiophenes and deriv-
atives, polyphenylene vinylenes and derivatives, poly-
mers containing heteroaromatic rings, etc..

[0005] Theelectrontransportlayer may generally com-
prise any material capable of sustaining electron trans-
port. Examples include perylene systems, Alq3, polyflu-
orenes or polyfluorene copolymers, polymers containing
heteroaromatic rings, etc..

[0006] The device may contain any combination of the
above layers provided it includes at least one light-emis-
sive layer.

[0007] OLEDs are described in US Patent No.
5,247,190 or in US Patent No. 4,539,507. In US
5,247,190 the active organic layer is a light-emissive
semiconductive conjugated polymer and in US
4,539,507 the active organic layer is a light-emissive sub-
limed molecular film.
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[0008] Conventionally, the polymer layer is deposited
by spin-coating or metered blade-coating a polymer so-
lution onto the anode and then either allowing the solvent
to evaporate at RTP, or driving off the solvent using heat
treatment and/or reduced pressure. The polymer can be
the light-emitting polymer itself cast directly from solution,
or a precursor to the polymer, which is converted to the
light-emitting polymer during a heat treatment step. The
polymer layer can comprise a blend of two or more ma-
terials, such as a blend of two or more polymers.
[0009] WO99/13692, US5912473 and US5777070
each describe the use of xylene to deposit a film of con-
jugated polymer by spin-coating. EP0923083A1 de-
scribes the use of a solvent including xylene for forming
a film of DNSA-doped polyaniline, and also describes the
use of gum terpentine to remove such a film from its sub-
strate. EP0825242A2 refers to xylene as an example of
a good solvent for a polymeric fluorescent substance.
[0010] The present applicants realised that it is possi-
ble to utilise a different deposition technique for depos-
iting the polymer layer in a light-emitting device, as out-
lined in GB2336553. According to GB2336553, the light-
emitting polymer is deposited by a technique the same
as or similar to inkjet printing by supplying a solution-
processible material including the polymer through a plu-
rality of elongate bores, either through the effect of gravity
or under pressure or utilising the effect of surface tension.
This facilitates direct deposition or patterning of the pol-
ymer films as required. Figure 2 illustrates the essence
of the technique.

[0011] Itis important to use material formulations with
which thin polymer films exhibiting excellent emission
uniformity can be produced. In this respect, it is important
to use formulations which exhibit the desired properties
with respect to surface tension, viscosity, concentration,
and contact angle (on the depositing medium and the
substrate on to which it is to be deposited), and which
preferably also exhibit good solution stability.

[0012] It is an aim of the present invention to provide
formulations which facilitate the supply thereof onto a
substrate via a plurality of elongate bores to form pat-
terned polymer films. In particular, it is an aim of the
presentinvention to provide a formulation with which pol-
ymer films which exhibit improved emission uniformity
can be deposited, particularly in the context of relatively
high molecular weight polymers with intrinsically rigid
conjugated systems.

[0013] According to the presentinvention, there is pro-
vided a method according to claim 1.

[0014] Preferred embodiments of the invention are de-
fined in claims 2 to 23.

[0015] The solvent used in the formulation preferably
consists substantially of at least one substance selected
from the group of substances recited in claim 1. In a pre-
ferred embodiment, it consists substantially of a blend of
two or more solvents belonging to this group.

[0016] Monoterpenes are particularly preferred such
as terpinolene, limonene and a-terpineol.
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[0017] The terpene is in liquid form at the deposition
temperature.

[0018] Preferred polyalkylated aromatic compounds
include polyalkyl benzenes such as cymene and iso-
durene. It is preferred that each of the alkyl substituents
on the aromatic ring are distinct from each other, i.e. that
they are only bonded together via the aromatic ring.
[0019] Accordingtoone embodiment, the solventcom-
prises at least one aromatic compound substituted with
alkyl groups at no less than 3 positions.

[0020] For the purposes of this application, the term
conjugated polymer refers to polymers, including oligom-
ers such as dimers, trimers etc., which are fully conju-
gated (i.e. are conjugated along the entire length of the
polymer chain) or are partially conjugated (i.e. which in-
clude non-conjugated segments in addition to conjugat-
ed segments).

[0021] The polymer may be a polymer suitable for use
in a light-emissive layer, a hole transport layer or an elec-
tron transport layer in an organic light-emitting device.
[0022] In a preferred example, the conjugated polymer
can be a light-emitting polymer, hole transport polymer
or electron transport polymer itself, or a precursor to a
light-emitting polymer, hole transport polymer or electron
transport polymer. The conjugated polymer or its precur-
sor can be any suitable polymer, and in particular can be
any one of the following:

a) conducting polymers such as polyaniline (PANI)
and derivatives, polythiophenes and derivatives,
polypyrrole and derivatives, polyethylene dioxythi-
ophene; doped forms of all these and particularly
polystyrene sulphonic acid-doped polyethylene di-
oxythiophene (PEDT/PSS);

b) solution processible charge transporting and/or
luminescent/electro-luminescent polymers, prefera-
bly conjugated polymers such as: polyphenylenes
and derivatives, polyphenylene vinylenes and deriv-
atives, polyfluorenes and derivatives, tri-aryl con-
taining polymers and derivatives, precursor poly-
mers in various forms, copolymers (including the
above-named polymer classes), generally random
and block copolymers, polymers with the active
(charge transporting and/or luminescent) species at-
tached as side-groups to the main chain, thiophenes
and derivatives, etc..

[0023] The specific example discussed herein is a
blend of 5BTF8 (80% in weight) and TFB (20%).
[0024] For a better understanding of the invention and
to show how the same may be carried into effect, refer-
ence will now be made by way of example to the accom-
panying drawings in which:

Figure 1 is a diagram of a light-emitting device;
Figure 2 is a diagram illustrating a method of depos-
iting various polymer layers;
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Figures 3a to 3e represent the structures of iso-
durene, terpinolene, limonene cymene and a-terpi-
neol respectively;

Figures 4a to 4c illustrate the formulae of TFB and
5BTF8;

Figure 5 is a graph of optical density versus time
illustrating the improved solubility stability of the sol-
vents discussed herein;

Figure 6 is a graph showing the photoluminescent
properties of a polymer layer deposited in xylene and
those of one deposited in isodurene; and

Figure 7 is a graph showing the photoluminescent
properties of polymer layers deposited in isodurene-
terpinolene (3:1) and xylene.

[0025] Figure 2 illustrates a deposition technique for
depositing a polymer layer 6 onto the patterned anode
4. A plurality of elongate bores 10 are illustrated, each
aligned with a respective trough 8. The elongate bores
10 are connected via a conduit 12 to a reservoir 14 hold-
ing the solution to be deposited. The solution is supplied
through the elongate bores 10 under pressure or by grav-
ity to deposit the light emitting polymer layer 6. Specific
formulations for the solution processible material 16 for
use in a method according to the claimed invention are
discussed herein.

Example 1

[0026] The first exemplified formulation is 0.5% W/V
of 5BTF8 (80% in weight) and TFB (20%) in isodurene.
The structure of TFB is illustrated in Figure 4a. 5BTF8 is
F8 (structure of Figure 4b) doped with 5% F8BT (structure
of Figure 4c).

Example 2

[0027] According to the second example, the formula-
tion comprises 0.5% W/V of 5BTF8 (80% in weight) and
TFB (20%) in a solvent comprising a blend of iso-
durene:terpinolene (3:1).

Example 3

[0028] According to a third example, the formulation
comprises 0.5% W/V of 5BTF8 (80% in weight) and TFB
(20%) in isodurene:limonene (3:1).

Example 4

[0029] According to a fourth example, the formulation
comprises 0.5% W/V of 5BTF8 (80% in weight) and TFB
(20%) in isodurene:cymene (3:1).

[0030] Using the formulation according to each exam-
ple, a polymer layer was deposited using the technique
described in relation to Figure 2. The solubilities were
measured with over a 48 hour period at 17°C. The results
are plotted in Figure 5, from which it can readily be seen
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that they display excellent stability of solubility over that
period.

[0031] Subsequently, the photoluminescent properties
of Examples 1 and 2 were compared with photolumines-
cent properties of a polymer deposited using a xylene
solvent (which is another example of a solvent for use in
a method according to the claimed invention). Figure 6
illustrates the results of Example 1, where the solvent is
isodurene and Figure 7 illustrates the results for Example
2wherethe solventis isodurene-terpinolene (3:1). Figure
6 and 7 also illustrate the case where the polymer layer
is heat-treated after deposition.

Claims

1. A method of depositing a polymer layer in a light
emitting device by supplying a solution processible
formulation via a plurality of elongate bores (10) onto
a substrate including a layer of a doped polymer as
an organic conductor, wherein the formulation com-
prises a conjugated polymer dissolved in a solvent,
the solvent comprising at least one substance se-
lected from the group consisting of terpenes or ter-
penes substituted with one or more groups selected
from alcohol, ester, ether, ketone and aldehyde
groups and polyalkylated aromatic compounds.

2. A method according to claim 1 wherein the terpene
is a monoterpene.

3. A method according to claim 1 or claim 2, wherein
the solvent comprises a terpene substituted with one
or more groups selected from alcohol, ester, ether,
ketone and aldehyde groups.

4. A method according to claim 2 or claim 3 wherein
the solvent comprises a substance selected from the
group consisting of terpinolene, limonene and o-ter-
pineol.

5. A method according to claim 1 wherein the poly-
alkylated aromatic compound is a polyalkylated ben-
zene.

6. A method according to claim 5 wherein the poly-
alkylated benzene is a dialkylbenzene.

7. A method according to claim 6 wherein the dialkyl-
benzene is selected from the group consisting of
cymene and xylene.

8. A method according to claim 5 wherein the poly-
alkylated benzene is a tetraalkylbenzene.

9. Amethod according to claim 8 wherein the tetraalkyl-
benzene is isodurene.
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10. A method according to any preceding claim, wherein
the polymer is a light-emissive polymer.

11. A method according to claim 1 wherein the polymer
comprises a fluorene-based polymer.

12. A method according to claim 1 wherein the polymer
comprises a polymer containing fluorene and triar-
ylamine units.

13. A method according to claim 1 wherein the polymer
comprises a blend of a fluorene-based polymer and
a polymer containing fluorene and triarylamine units.

14. A method according to claim 13 wherein the polymer
is a blend of 5BTF8 and TFB.

15. A method according to claim 14, wherein the con-
stituents of the polymer blend are 5BTF8 (80%); TFB
(20%).

16. A method according to any preceding claim, wherein
the solvent comprises a blend of two or more of said
substances.

17. A method according to claim 16 wherein the blend
comprises two or more substances selected from
the solvent group consisting of isodurene, cymene,
terpinolene, limonene and a-terpineol.

18. A method according to claim 17, wherein the blend
contains 3 parts isodurene to 1 part of another mem-
ber of the solvent group.

19. A method according to claim 18, wherein the blend
is isodurene:terpinolene (3:1).

20. A method according to claim 18, wherein the blend
is isodurene:limonene (3:1).

21. A method according to claim 18, wherein the blend
is isodurene:cymene (3:1).

22. A method according to any preceding claim wherein
the solution processible formulation is supplied by
ink-jet printing.

23. A method according to any preceding claim wherein
the substrate includes a layer of doped polyethylen-
edioxythiophene.

Patentanspriiche

1. Verfahren zum Abscheiden einer Polymerschicht in
einer lichtemittierenden Vorrichtung durch Zufiihren
einer in Lésung verarbeitbaren Formulierung mittels
mehrererlanglicher Bohrlécher (10) auf ein Substrat,
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das eine Schicht eines dotierten Polymers als einen
organischen Leiter beinhaltet, wobei die Formulie-
rung ein konjugiertes Polymer umfasst, das in einem
Lésungsmittel geldst ist, wobei das Lésungsmittel
mindestens eine Substanz umfasst, die aus der
Gruppe bestehend aus Terpenen oder Terpenen,
die mit einer oder mehreren Gruppen substituiert
sind, die aus Alkohol-, Ester-, Ether-, Keton- und Al-
dehydgruppen ausgewahlt sind, und polyalkylierten
aromatischen Verbindungen ausgewahlt ist.

Verfahren nach Anspruch 1, wobei das Terpen ein
Monoterpen ist.

Verfahren nach Anspruch 1 oder 2, wobei das Lo-
sungsmittel ein Terpen umfasst, das mit einer oder
mehreren Gruppen substituiert ist, die aus Alkohol-,
Ester-, Ether-, Keton- und Aldehydgruppen ausge-
wahlt sind.

Verfahren nach Anspruch 2 oder 3, wobei das LO-
sungsmittel eine Substanz umfasst, die aus der
Gruppe bestehend aus Terpinolen, Limonen und a-
Terpineol ausgewahlt ist.

Verfahren nach Anspruch 1, wobei die polyalkylierte
aromatische Verbindung ein polyalkyliertes Benzol
ist.

Verfahren nach Anspruch 5, wobei das polyalkylierte
Benzol ein Dialkylbenzol ist.

Verfahren nach Anspruch 6, wobei das Dialkylben-
zol aus der Gruppe bestehend aus Cymol und Xylol
ausgewahlt ist.

Verfahren nach Anspruch 5, wobei das polyalkylierte
Benzol ein Tetraalkylbenzol ist.

Verfahren nach Anspruch 8, wobei das Tetraalkyl-
benzol Isoduren ist.

Verfahren nach einem vorhergehenden Anspruch,
wobei das Polymer ein lichtemittierendes Polymer
ist.

Verfahren nach Anspruch 1, wobei das Polymer ein
fluorenbasiertes Polymer umfasst.

Verfahren nach Anspruch 1, wobei das Polymer ein
Polymer umfasst, das Fluoren- und Triarylamin-Ein-
heiten enthalt.

Verfahren nach Anspruch 1, wobei das Polymer ein
Gemisch eines fluorenbasierten Polymers und eines
Polymers, das Fluoren- und Triarylamin-Einheiten
enthalt, umfasst.
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15.

16.

17.

18.

19.

20.

21.

22,

23.

. Verfahren nach Anspruch 13, wobei das Polymer ein
Gemisch von 5BTF8 und TFB ist.

Verfahren nach Anspruch 14, wobei die Bestandteile
des Polymergemischs 5BTF8 (80 %); TFB (20 %)
sind.

Verfahren nach einem vorhergehenden Anspruch,
wobei das Lésungsmittel ein Gemisch von zwei oder
mehr der Substanzen umfasst.

Verfahren nach Anspruch 16, wobei das Gemisch
zwei oder mehr Substanzen umfasst, die aus der
Lésungsmittelgruppe bestehend aus Isoduren, Cy-
mol, Terpinolen, Limonen und o-Terpineol ausge-
wahlt sind.

Verfahren nach Anspruch 17, wobei das Gemisch 3
Teile Isoduren zu 1 Teil eines anderen Mitglieds der
Lésungsmittelgruppe enthalt.

Verfahren nach Anspruch 18, wobei das Gemisch
Isoduren:Terpinolen (3:1) ist.

Verfahren nach Anspruch 18, wobei das Gemisch
Isoduren:Limonen (3:1) ist.

Verfahren nach Anspruch 18, wobei das Gemisch
Isoduren:Cymol (3:1) ist.

Verfahren nach einem vorhergehenden Anspruch,
wobei die in Lésung verarbeitbare Formulierung
durch Tintenstrahldruck zugefthrt wird.

Verfahren nach einem vorhergehenden Anspruch,
wobei das Substrat eine Schicht von dotiertem Po-
lyethylendioxythiophen beinhaltet.

Revendications

Un procédé consistant a déposer une couche de po-
lymeére dans undispositif électroluminescent en four-
nissant une préparation pouvant étre traitée en so-
lution via une pluralité d’alésages allongés (10) sur
un substrat incluant une couche de polymére dopé
en tant que conducteur organique, dans lequel la
préparation comprend un polymeére conjugué dis-
sous dans un solvant, le solvant comprenant une ou
plusieurs substances sélectionnées dans le groupe
constitué par des terpénes ou des terpénes substi-
tués avecun ou plusieurs groupes sélectionnés dans
les groupes d’alcools, d’esters, d’éthers, de cétones
et d’aldéhydes et des composés aromatiques poly-
alkylés.

Un procédé selon la revendication 1 dans lequel le
terpéne est un monoterpéne.
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Un procédé selon la revendication 1 ou la revendi-
cation 2, dans lequel le solvant comprend un terpéne
substitué avec un ou plusieurs groupes sélectionnés
dans les groupes d’alcools, d’esters, d’éthers, de cé-
tones et d’aldéhydes.

Un procédé selon la revendication 2 ou la revendi-
cation 3 dans lequel le solvant comprend une subs-
tance sélectionnée dans le groupe constitué par le
terpinoléne, le limonéne et le a-terpinéol.

Un procédé selon la revendication 1 dans lequel le
composé aromatique polyalkylé est un benzéne po-
lyalkylé.

Un procédé selon la revendication 5 dans lequel le
benzéne polyalkylé est un dialkylbenzéne.

Un procédé selon la revendication 6 dans lequel le
dialkylbenzéne est sélectionné dans le groupe cons-
titué par le cymeéne et le xylene.

Un procédé selon la revendication 5 dans lequel le
benzéne polyalkylé est un tétraalkylbenzene.

Un procédé selon la revendication 8 dans lequel le
tétraalkylbenzeéne est de I'isoduréne.

Un procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel le polymére est un
polymeére électroluminescent.

Un procédé selon la revendication 1 dans lequel le
polymére comprend un polymére a base de fluoréene.

Un procédé selon la revendication 1 dans lequel le
polymére comprend un polymére contenant des uni-
tés de fluoréne et de triarylamine.

Un procédé selon la revendication 1 dans lequel le
polymére comprend un mélange d’'un polymere a
base de fluoréne et d’'un polymere contenant des
unités de fluoréne et de triarylamine.

Un procédé selon la revendication 13, dans lequel
le polymére est un mélange de 5BTF8 et de TFB.

Un procédé selon la revendication 14, dans lequel
les constituants du mélange de polymere sont le
5BTF8 (80 %) et le TFB (20 %).

Un procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel le solvant comprend
un mélange de deux ou plus de deux desdites subs-
tances.

Un procédé selon la revendication 16 dans lequel le
mélange comprend deux ou plus de deux substan-
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18.

19.

20.

21.

22,

23.

ces sélectionnées dans le groupe de solvants cons-
titué par l'isoduréne, le cymeéne, le terpinoléne, le
limonéne et le a-terpinéol.

Un procédé selon la revendication 17, dans lequel
le mélange contient 3 parties d’isoduréne pour 1 par-
tie d’'un autre élément du groupe de solvants.

Un procédé selon la revendication 18, dans lequel
le mélange estde l'isodurene et du terpinoléne (3:1).

Un procédé selon la revendication 18, dans lequel
le mélange est de I'isoduréne et du limonene (3:1).

Un procédé selon la revendication 18, dans lequel
le mélange est de I'isodurene et du cyméne (3:1).

Un procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel la préparation pou-
vant étre traitée en solution est fournie par impres-
sion par jet d’encre.

Un procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel le substrat inclut une
couche de polyéthylénedioxythiophéne dopé.
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