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PULSED DRIVEN DISPLAYS

The present invention is concerned with displays, particularly
passive matrix displays, driven by pulsed driving conditions.
The present invention is further concerted with new
semiconductive polymers that may be used in such displays. The
present invention is still further concerned with the lifetims
properties of semlconductive polymers, and in particular
increasing the lifetime of a semiconductive polymer in a display
driven by pulsed driving conditions,

Many displays consist of a matrix of pixels, formed at the
intersection of rows and columns deposited on a substrate. Each
pixel is a light-emitting diode (LED), such as a polyner LED
(PLED} . With reference to Figure 1, the architecture of an LED
comprises a transparent glass or plastic substrate 1, an anecde 2
and a cathode 4. An electroluminascent layer 3 is provided

between anode 2 and cathode 4.

Coloured displays are formed by positioning matrices of red,
green and blue pixels wvery close together. To contrel the
pixels, and so form the image required, either 'passive' or

lactive' matrix driver methods are usad.

Active matrix displays incorporate a transistor {TFT) in series
with each pixel which providea control over the current and
hence the brightness of individual pixels. Lower currents can
fFlow down the control wires since these have only to programme
the TFT driver, and the wires can be finer as a result, Also,
the transister is able to hold the current setting, keeping the
pixel at the reguired brightness, until it receiwes another
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control signal. DC driving conditions typically are used for an
active matrix display.

In passive matrix systems, esach row and esach column of the
display has 1ts own driver, and to create an image, the matrix
is rapidly scanned to enable every pixel to be switched on or
off as requlred. The controlling current has to be present
whenever the pixel is regquired to light up.

As described in Proc. of SPIE Vol 2800 {2003) ™Ozganic Light-
Emitting Materials and Devices”, the principle of passive matrix
addressing 18 rather straightforward and uses the eye’s
insensitivity %o the fast re-positioning of Ilight generation.
Instead cof simultaneously addressing all the pixels neesded to
display an image frame, in the passive matrix approach, the
different pixels are addressed after each other via a row to row
acrolling. The intensity of the short illumination is much more
intense than when a1l the pixels are generating light for the
total frame time {the number of rows times the average overall
brightness needed). ¥f the refresh rate of the whole frame is
high enough, the human eye observes the scrolled picture as a
standing picture with an average brightness. The advantage of
passive matrix driving 1is the simple substrate structure
allowing for easy customization and low substrate costs, Pulsed
driving conditions typically are used for a pasgive matrix

display.

Synthetic Metals 21 (1997) 3=7 and Synthetic Metals 113 {2000)
155-15% provide information on the structure of passive matrix
organic LEDs, the contents of which are hereby incorporated by
reference. Reference is made in particular te Figure 11 (€] in
gynthetic Metals 921 {1997) 3-7, which shows deposition of the
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organic emitter layer by evaporation, followed by evaporation of
the cathode. Solution deposition (e.g. inkjet printing) of the
emitter layer is equally applicable to this structure. The
background section of the Synthetic Metals 113 (2000) 155-159
article provides detail on how the cathode is patterned into

stripes using a photoresist material.

An important paramster is the lifetime of a display. Inadequate
lifetimes are a particular problem for blue light-emitting

polymers.,

WO 02/092723 and WO 04/083277 are both concerned with blue
light-emitting polymers for use in optical devices. Both
disclosures refer to blue emissive ropeat units comprising an

optionally substituted repeat unit of formula:

_Q—« /_\ @

wherein each R* is independently selected from hydrogen or 2
solubilising group. Particularly preferred solubilising groups
are optionally substituted alkyl or alkoxy. Most preferably, R’
iz n=-butyl.

Both disclosures alsc refer to an optionally substituted repéat

unit of formula:
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SSe

wherein preferably, each Ar is independently selected from the

group comprising an optionally substituted residue of formula:

1O

wherein n=1, 2 or 3 and R is a solubilising group or hydrogen.
Particumlarly preferred groups R are hydrogen and optionally
substituted alkyl or alkoxy. Most preferably, R is hydrogen or
butyl. Tt is said that by “butyl” is meant n-,38C-0r tert-
butyl.

In the Examples in WO 02/092723 and WO 04/083277, only polymars
Pl to P4 containing 9, 9-diphenylfluorene repeat units were made
and compared with a comparative polymer where the 9,9~
diphenylflucrene repeat units were replaced with 9, 9~di-n—

octylfluorene repeat units.

WO 02/092723 primarily is concarnaed with lncreassing the thermal
stability (Tg) of polymers. WO 04/083277 is concerned with
jmproving device lifetime but teaches to omit TFB from the
polymer to achieve this. Neither WO 02/092723 nor WO 047083277
is concerned particularly with pulsed driven devices and neither

dizclosure even mentions pulsed driven devices.

EP 1354188 is concerned with improving the lifetime of polymer

compounds comprising a repeat unit:
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OO0

Gty aHy

However, BP 1394188 teaches to use & polymer compound comprising
a repeating unit shown by formula (1) or (2) on page 4 of EP
1394188 in order to improve the lifetime. In thesze formulae,
the terminal aryl groups (E:, Ej, Ea and Eg) each has three or
more substituents.

According to Prec, Of SPIE Vel 2500 (2003) “Organic Light—
Emitting Materials and Devices” lifetime measurements are mostly
performed at dc driving. However, it is said that the lifetime
of light-emitting materials for passive matrix applications
should also be tested using the pulsed driving conditions

experienced in Full colour displays.

Despite recent advances in the lifetimes of polymers for use ln
organic light-emitting dicdes, there remains a need for
alternative polymers for use in ‘pulsed driven and dc driven
displays comprising an organic light-emitting diode, preferably
polymers with an improved lifetime. In this regard, it is the
particular problem of the present invention to improve the
1ifetime in pulsed driven displays of semiconductive polymers

comprising one ¢f the repeat units:
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The present inventors have golved this problem by providing, in
a first aspect of the present invention, a pulsed driven display
comprising an organie light-emitting device, said device
comprising an organic layer comprising a semiconductive polymer,
gaid polymer comprising a fluorene or triarylamine’repaat unit,
said fludrene or triarylamine repeat unit having a group R.
pendent f£rom the polymer backkone, wherein R has general formula,
I:

T
n
RS
AR
\(R')r:

where Ar! represents phenyl or a group comprising napthyl; Rxr®
represents phenyl or a group comprising napthyly; R’ represents a
substituent group; R" = H or a substituent; n=0, 1, 2 or 37 w0

or 1; and n’=1 sr 2, with the provisc that m=C if n=0.

In the case where m is 1, Arl and Ar2 are preferably phenyl; R
is prefexably a substituent, more preferably a substituent of

formula:
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—Ari-(R* Inr

wherein Ar?, R’ and n’ are as defined above, In this case, each
cocurrenca of Arz, R’ and n° in the group R of formula I may be

the same or different.

The abeve defined triarylamine repeat unit in the semiconductive
polymer will hereafter be referred to as T, The abowve defined
fluorene zepeat unit in the semiconductive polymer will
hereafter be referred to as F.

The above defined semiconductive polymers have been found to
have unexpectedly superior lifetime in pulsed driven displays as
compared with the corresponding pelymers containing a DPF or PFB

repeat unit.

A second aspect of the present invention provides a
semiconductive polymer suitable for use in an azrganic light-
emitting device, said polymer comprising a triarylamine repeat
unit, the triaryliamine repeat unit having a group R pendent from
the polymer backbone, wherein R has general Formula I:

R

where Ar! represents phenyl or a group comprising napthyl; Ar®
rapresents phenyl or a group comprising napthyl: R’ represents a

substituent group; R” represents hydrogen or a substituesnt
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greup; n= 0, 1, 2 or 3; m=0 or 1l;} and n’=l or 2; provided that
when n=0, m=0 and R" represents a branched €4 te C20 alkyl or

alkoxy group comprising a tertiary carbon atom.

A third aspect of the present invention provides a monomer for

naking a semiconductive polymer having general formula II:

reactive group—Ar—{ N—Ar-—reactive groip IX

r

<}
R

A
\(R‘).f
where Ar', Ar®, R, R, m, n, and n’ are as defined in relation
te the second aspect; a = 1 or 2; Ar represents an aryl or
heteroaryl group; and ‘reactive group’ represents a reactive
group capable of participating in polymerisation; provided that
when n={, R* represents a branched ©4 to C20 alkyl or alkoxy

group comprising a tertiary carbon atom.

Preferred triarylamine repeat units in the polymer according to
the second aspect are as defined in relation to the first aspect
for T.

pPreferred further repeat units in the polymer according to the
second aspect are as defined in relation te the first aspect for

further repeat units in a polymer comprising T .

preferred functions or any other feature of a polymer according
+o the second aspect are as defined in relation to the firat

aspect for a polymer comprising T,



(46)

JP 2008-536324 A 2008.9.4

Preferred triarylamines in the monomer according to +the third

aspect are as defined in relation te the first aspect for T,

The first aspect of the present invention is described further

below.

Ar®' may represent napthyl.

Praferably Br' represents phenyl.

Ar® may represent napthyl.

Preferably Ar? represents phenyl.
Preferably R hags general formula ITI:

(R
n i3 preferakly 0 or 1 or 2.
n is preferably 1, 2 or 3.
n is preferably 1 or 2.

When n'*=1, R’ may be a solubilising group.

IIL

When n'=2, one or both R’ may be a solubilising group-
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The selubilising group may be a Cl to C20 alkyl orx alkoxy group.
Branched C4 to C20 alkyl or alkoxy groups are preferred.
Branched C4 to C20 alkyl groups are more preferred. Branched Ci
to €20 alkyl or alkoxy groups comprising a tertiary carbon atom

are more preferred. t-Bu is most preferred.

In cne embediment, when n=0 R* represents t-Bu.

When n is greatex than 1, each hAr' may be the same or different.
When n is greater than 1, preferably at least one Ar® rxepresents
phenyl.

When n’=1 and Ar® represents phenyl, R’ is preferably located at
the para position. R may have general formula IV:

Q
©

R
When nf=1, R’ is preferably t-Bu.

When n’=2 and Ar? represents phenyl, R’ are preferably located at

the meta positions. R may have general formula V:
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When n’=2, both R’ are preferably t-Bu.

The fluorene repeat unit F* may have the general Fformula VI:

VI

where each R independently is as defined above.

The fluorene repeat undit F* may have the formula VII to XII:

VIT
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1z

VIIT

IX
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XIT

The concentration of F' may be from 5 to %5 mol %.

The concentration of F* may be from 20 to 80 mol %.

The concentration of F' may be from 25 to 55 mol %.

The concentration of F! may be from 30 to 50 mol %.

The triarylamine repeat unit T! may comprise a triphenylamine.
The triarylamine repeat unit T may have general formula XIIT:

+N~j1“j~%—

Ar

a

KIII

(R
where Ar represents an aryl or hetercaryl group; and Ar', Ar?
R, n and n'" are as defined anywhere in relation to the first

aspect.

The triarylamine repeat unit P! may have general formula XIVa:
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XiVa

where R*, n and n' are as defined anywhere in relstion to the

first aspect.

The triarylamine repeat unit T' may have formula XVa or XVb:

.. O xva
g
O
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XVk

In the polymer backbone the triarylamine repeat unit T' may be
bonded directly to two further repsat units. The further repeat
units may be z8 defined anywhera herein.

In the triarylamine repeat uwnit T, one triarylamine may bs

bonded directly to ancther triarylamine giving the formula XVI:
R

where each Ar and R is as defined above.

In the triarylamine repeat unit T, a triarylamine may be bonded

directly te -N{R) (Ar}, giving the formula XVII:

—(—Ar—N—Ar'— N—Ar
I I _)- XVIl
R R

whera each Ar and R 1s as defined above.

Each hr in formulae XVI and XVII may represent phenyl.
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ie

The triarylamine repeat unit T* may have formula XIVb or XVITI to
XXTIs

Ry ROy

where R’, n and n’ are as defined anywhere in relation to the
first aspect.

.

]

Ol
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The concentration of T! may be from 2.5 to 50 mol%.

The concentration of T! may be from 2 to 15 mol%.

The concentration of T may be frem 5 to 10 mol %.

The concentration of T may be about 5 mol %.

Typically, the semiconductiwe polymer is conjugated.

The semiconductive polymer comprising T* and/or F' may provide
ona or more of the functions of hole transpert, electron
transport and emissicn depending on which layer of the device it
is used in and the natura of co-repeat units.

The semiconductive polymer may be blue light-emitting. By “blue
light-emitting” is meant an organic material that Dby

electroluminescence emits radiation having a wavelength in the

range of 400-500 nm, more preferably 430-300 nm.
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1z

A semiconductive polymer comprising a triarylamine repeat unit
™, may be used for emitting light, particularly emitting blue
light, and/or for hole transport.

A semiconductive polymer comprising a triarylamine repeat unit T
and a flucrens repeat unit {F! or another fluorene unit) may be
used for emitting 1light, particularly emitting blue light,
and/or for hole transport.

A semiccnductive polymer comprising a fluorene repeat mit F* and
a triaryliamine unit (T! or another triarylamine unit) may be used
for emitting light, particularly emitting blue light, and/or far
hole transport.

Particularly preferred hole transporting polymers are AB
copolymers of a fluoreme repeat unit and a triarylamine repeat
unit.

& semiconductive polymer comprising a fluorene repeat unit F' and
hetercarylene repeat unit may be utilised for charge transport

or emission.

A semiconductive polymer of fluorene repeat units (F' alone or
with other fluorene units} may be utilise¢ to provide electron

transport.

The semiconductive polymer may cemprise further repeat uwnits in
addition to T! and/or F. The further repeat units may be
selected from arylene repeat units, in particular: 1,4-phenylene
repent units as disclosed in J. Aappl. Phys. 1996, 79, 8934;
fluorene repeat units as disclosed in EP 08422087 indencflucrens

repeat units as disclozed in, for example, Macromclecules 2000,
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33(6), =2016-2020; and spirofluorene repeat units as disclosed
in, for example EP 0707020.

Further repeat units, which may be present in a semiconductive
polymer comprising 7l and/or F' include further fluorene repeat
units, such as 2,7-linked Zfluorenes, most preferably repeatl
unita of formula XXIT:

R at

XXn

wherein B2 and R® are independently selected from hydrogen or
optionally substituted alkyl, alkoxy, arvi, arylalkyl,
heteroaryl and hetercarylalkyl. More preferably, at least one
of R® and R’ comprises an optionally substituted C4-Czp alkyl or
arvl group.

Preferred further fluorene repeat units are selected from
optionally substituted 9,9-dialkyl- or 9, 9-dialkoxy-2,7-
fluorenyl, more preferably 9,%-di{n-cctyl)flucrene.

Further repeat units, which may ke present in a semiconductlive
polymaer comprising ™ and/or ¥ include further triarylamine
repeat unita, such as a repeat unit selected from formulae 1 to

6 shown below:
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LO-+C 21 O+

A B

SR BT

E 8

wherein X, Y, A, B, C and D are independently selected from H or
a substituent group. More preferably, one or moxre of X, ¥, A,
B, C and D is independently selected from the group consisting
of optionally substituted, branched oxr linear alkyl, aryl,
perfluoroalkyl, thiocalkyl, cyano, alkoxy, heterocaryl. alkylaryl
and arylalkyl groups. Most preferably, X, Y, A and B are Cyg
alkyl.

Further repeat units, which may be present in a semiconductive
polymer comprising T' and/or F' include hetercarylene repeat
units. Preferred heteroarylene repeat units are selected from

formilae 7-21:
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wherein Ry and Ry are the same or different and are each
independently hydrogen or a substituent group, preferably alkyl,
aryl, perfluorealkyl, thiocalkyl, cyano, alkoxy, heteroaryl,
alkylaryl or arylalkyl. For ease of manufacture, Rs and Ry are
preferably the same. Morxe preferably, they are the same and are
sach a phenyl group.

rh Ph

] 8



(60) JP 2008-536324 A 2008.9.4

23

Cgi7" Cpliy CyHiz™ Caliz

12

N
Calily Celyy N\ g /

13




(61) JP 2008-536324 A 2008.9.4

24
7Y
] 8 s s
N
g/ \ o/
18 19
7 N 7N
8 Y 8
N g/
a1
A AN
8 8
&
Ef
oL

Bach of the further repeat units is optionally substituted.
Examples of substituents include solubilising groups anch as Ciozp
alkyl or alkoxy; electron withdrawing groups such as fluorine,

nitro or ¢yano; and substituents for increasing glass transition

temperature (Tg) of the polymer.
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Electroluminescent copolymers may comprise an electroluminescent
region and at least one of a hole transporting region and an
alectron transporting region as disclosed in, for exanple, WO
00/55927 and US &353083. If only cne of a hole tramsporting
region and electron tranasporting regilon is provided then the
electroluminescent region may alse provide the other of hole
transpert and electron transport functicnality. Suitable repeat
unita for a functional region are as discussed above in relation
to repeat units suitable for use in a semiconductive polymer

having the same function.

The different regions within such a polymer may bke provided
along the polymer backbene, as per US 6353083, or as groups
pendant from the polymer backbone as per WO 01/62869.

When the semlconductive polymer comprises 7! there may ke no
repeat unlits comprising nitrogen atoms in the repeat unit

backbone other than T*.

Referring to the third aspect of the present 4invention, the

monomer may have general formula XXIII:

XXITT
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where R’, n and n' are as defined in relation to the second
aspect.

The monomer may have general formula XXIV:

®

. o "
Ry Iii;& (14

where R, n and n’ are as defined in relation to the second

aspesct.

The monemer may have formula XXV to ERX:

OO -
Q)
O
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reagiive group O -@—vudhm grow XAVI
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WWH_Q_NO__Q_WW xxvIT
J -
J '

resctive \ 4 7 fve group XXVIIT
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- QMV—Q—N_Q— —Qium - e

OO0

renctive grou

0002 OO0

The reactive groups in formulas II and XXITI to XY may ba any
reactive groups sultable for participation in polymerisation,

for example reactive groups as defined anywhere below. Both
reactive groups may be Br.
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Preferred methods for preparation of a semiconductive polymer as
defined in relation %o the Ffirst aspect, opticnally from a
monomer according to the third aspect, are Suzuki polymerisation
as described in, for exampls, WO 00/53656 and Yamamoto
polymerisation as described in, for example, T. Yamamoto,
nglectrically Conducting 2nd Thermally Stable p - Conjugated
Poly(arylene}s Prepared by Organometallic Processes”, FProgress
in Polymer Scisnce 1%93, 17, 1153-1205. These polymerisation
technigues both operate via a “metal insertion” wherein the
metal atom of a metal complex catalyst 1is inserked between an
aryl group and a leaving group of a monomer. In the case of
Yamamoto polymerisation, a nickel complex catalyst is used; in
the case of Suzukli polymerisation, a palladium complex catalyst

is used.

For example, in the synthesis of a linear peolymer by Yamamoto
poiymerigation, a monomer having two reactive halogen groups I3
used. S8imilarly, according to the method of Suzuki
polymerisation, at 1least one reactive group is & boron
derivative group such as a boronic acid or boroniez ester and the
other reactive group 1is a halogen. BPreferred halogens are

chlorine, bromine and iodine, most preferably bromine.

It will therefore be appreclated that repeat units and end
groups comprising aryl groups as illustrated throughout this
application may be derived from a monomer carrying a suitable
reactive leaving group oOr groups. A repeat uwnilt typically is
derived from a monomer carrying two suitable reacgtive leaving

groups.
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Suzuki polymerisation may be used to prepare regioregular, block
and random copolymers. In particular, homopolymers or zrandeom
copolymers may be prepared when one reactive group is a halogen
and the other reactive group is =z boron deriwvative group.

Alternatively, block o©or regioregular, in particular AR,
copolymers may be prepared when both resctive groups of a first
moncmer are boron and both reactive groups ©f a second monomer

are halogen.

As alternatives to halides, other leaving groups capable of
participating 1in metal insertion include groups include
tosylate, mesylate and triflate.

The present invention now will be described in more detail with
reference to the attached Figures, in which:-

Figure 1 shows the structure of a light-emitting device.

Figure 2 shows a passive matrix device.

Figure 3 shows an active matrix device.

Figure 4 shows the structures of “PFB¥, “N107, “DPEF”, “Pl1l1”, and
wpl5”,

According to the present invention, lifetime measurements are
obtained at room temperature (295°K) by measuring the time taken

for luminescence to decrease by half at a constant current.

The pulsed driven display of the first aspect may comprise a

passive matrix display.
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With reference to Figure 1, the LED comprised in the present
pulsed driven display comprises a transparent glass ox plastic
substrate 1, an ancde 2 of indium tin oxide and a cathods 4. BAn
electroluminescent layer 3 is provided between anode 2 and
cathode 4. Further layers may be located between anode 2 and
cathode 3, such as charge transporting, charge injecting or
charge blocking layers.

In partienlar, it is desirable te¢ provide a conductive hole
injection layer formed of a doped organizc material located
between the anode 2 and the electroluminescent layer 3 to assist
hole injection from the anode into the layer or layers of
seniconducting polymer. Examples of doped organic hole injection
materials include poly(ethylene dioxythiophens) {PEDT), in
particular PEDT deped with polystyrens sulfonate (PSS} as
disclesed 4in EP 0801176 and EP 0947123, or polyaniline as
disclesed in US 5723873 and US 5798170.

1f present, a hole transporting layer located bhetween anods 2
and elsctroluminescent layer 3 preferably has a HOMO level of
less than or equal to 5.5 eV, more preferably arcund 4.8-5.5 eV.
A semiconductive polymer comprising repeat unit T and/or F* mav
be used as a hole transport material in a hole transporting

layear {(or indead in an electroluminescent layer 3).

If present, an electron transporting laver located between
electroluminescent layer 3 and cathode 4 preferably has a LUMNMO
level of around 3-3.5 eV. A semiconductive polymer comprising
repeat unit F' may be used as an electron transporting materizl
in an electron transport layer {or indeed in an

electreluminescent layer 3).
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Electrpluminescent layer 3 may consist of an electroluminescent
material alone or may comprise an electroluminescent material in
combination with one or  mors further materials. An
elactroluminescent material may be blended with hele and / or
electron transporting materials as disclosed in, for example, WO
99/48160. Alternatively, the electroluminescent material may be
covalently bound to & charge transporting material.

Suitable eléctrollminesr;ent polymers for use in layer 3 include
poly{arylene vinylenes) such as poly{p-phenylene vinylenes) and
polyarylenes such as: pelyflucrenes, particulariy 2,7-linked 9,0
dialkyl polyfluorenss or 2,7-linked 9,9 diaryl polyfluorenes;
polysplirof lugrenes, particularly 2, 7-linked poly~-9, 5~
spirofluorens; pelyindencflucrenes, particularily 2,7-1inked
poelyindenofliucrenes; polyphenylenes, particularily alkvyl ar
alkoxy substituted poly-1l,4-phenylene. Such polymers as
disclosed in, for example, Adv. Mater. 2000 12[23} 1737-1750 and
references therein. A semiconductive polymer comprising repeat
unit T andfor F: may be used as an electroluminescent material

in layer 3.

Cathode 4 is selected from materials that have a workfunction
allowing injection of electrons into the electroluminescent
layer. Other £actors influence the selection of the cathode
such =zs the possibllity of adverse interactions between the
cathode and the electroluminescent makerial. The cathode may
consist of a single material such as a layer of aluminium.
Alternatively, it may comprise a plurality of metals, Ifor
example a bllayer of calcium and aluminium as disclosed in WO
98/10621, elemental barium disclosed in WO %8/57381, Appl. FPhys.
Lett. 2002, B1(4}, 634 and WO 02/8475% or a thin layer of

dielectric material to assist electron injection, for example
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lithium fluoride disclosed im WO 00/48258 or barium fluoride,
disclosed in Appl. Phys. Lett. 2001, 79(5), 2001. 1In corder to
provide efficient injection of electrons into the device, the
cathode prefarably has a workfunction of less than 3.5 eV, more
preferably less than 3.2 eV, most preferably less than 3 eV.

Light-emitting devices tend to be sensitive to moisture and
oxygen. Accordingly, the substrate preferably has good barrier
properties for prevention of ingress of moisture and oxygen into
the device. The substrate is commonly glass, however
alternative substrates may be uased, in particwonlar where
flexibility of the device is desirable. For example, the
substrate may comptise a Pplastic as in US 6268635 which
discloses & substrate of alternating plastic and barrier lavers
or a laminate of thin glass and plastic as disclosed in EP
0949850,

The device is preferably encapsulated with an encapsulant (not
shown) teo prevent ingress of moisture and oxygen. Suiltable
encapsulants include a sheet of glass, films having suitable
barrier properties such =s alternating stacks of polymer and
dielectric as disclosed in, for example, WO 01/8164% or an
airtight container as disclosed in, for ezample, WO 01/18142. &
getter material for absorption of any atmospheric moisture and /
or oxygen that may permeate through the substrate or encapsulant
may be disposed between the substrate and the encapsulant.

In a practical device, at least one of the electrodss is semi-
transparent in order that light may be emitted. Hhere the ancode

is transparent, it typically comprises dindium. tin oxide.



(71) JP 2008-536324 A 2008.9.4

34

Examples of transparent cathodes are disclosed in, for example,
GB 2348318,

The embodiment of Figure 1 illustrates a device wherein the
device is formed by firstly forming an anode on & substrate
followed by deposition of an electroluminescent layver and =@
cathode, however 1t will ke appreciated that the device of the
invention could also be formed by firstly forming a cathode on a
substrate followed by deposition of an electroluminescent layer

ang an anode.

In the preparation of a display according to the first aspect,
the semiconductive polymer may be deposited from solution to
form a layer. Suitable solvents for polyarylenes, in particular
polyfluorenes, dinclude mono— or poely-alkylbenzenes such as
toluene and =zylens. Particularly preferred selution deposition

techniques ars spin-coating and inkjet printing.

Inkjet printing is particularly suitable for high information
‘content displays, in particular full colonr displays. Inkjet
printing of OLEDs is described in, for example, EP 0880303.

If multiple layers of the device are formed by solution
processing then the skilled person will be aware of technigues
to prevent intermixing of adjacent 1layers, for example by
crosslinking of one layer before deposition of a subseguent
layer ox selection of materilals for adjacent layers such that
the material from which the first of these layers is formed is

not soluble in the solvent used to deposit the second layer.
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EXAMPLES

Light-emitting devices were constructed as follows:

Poly{ethylene dioxythicpﬁene) / polyistyrene sulfonate} (FEDT /
P88}, available from H C BStarck of Leverkusen, Germany as
Baytron P @ was deposited over an indium tin oxide anode
supported on a glass substrate (available from Applied Fiims,
Colorado, USA) by spin coating. A hole transporting layer of
FE-TFB (shown below) was deposited over the PEDT / P58 layer by
spin coating from xylene solution to a thickness of about 10 nm
and ﬁsated at 180°C for 1 hour. Polymer 1, 2, 3, 4, 5, or 6 was
deposited over the layver of F8-TFB by spin-coating from Eylene
golution to a thickness of around 65 nm. Then 2 Ba / Al catheds
was formed over the polymer by evaporating a £irst layer of
barium to a thickness of up to about 10 nm and a2 second layer of
aluainium barium to a thickness of about 100 nm over the
semiconducting polymer. Finally,; the device was sealed using a
metal enclosure containing a getter that 1ls placed over the
device and glued ontc the substrate in order to form an alrtight

seal.

CaHy7CgH4y

n

'Bu u

“FS_TW”
The following polymers were used as emissive layers in the

light-emitting devices:
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1 {86% F3, 30% DFF, 5% PFB)
2 (65% F8, 30% DPF, 5% N10)
3 (50% F8, 30% DPF, 10% TFB 10% PFB)
4 (50% F8, 30% DPF, 10% TFE 10% N10)
5 (65% F8, 30% DPF, 5% PFB)
6(65% F8, 30% DPF, 5% N10)

The dc =2nd pulsed lifetimes were c¢btained at room temperature
(295°K) by measuring the time taken for luminescence to decrease
by half at a comnatant current. DC lifetimes were measured from
a start luminescence of 800 cd/m?, Pulsed lifetimes wers
measured from a start luminescence of 14,000 cd/m?. For the
pulsed lifetimss, the multiplex ratio {MUX) was 64 and the
repeat freguency was 60Hz.

Results are shown in Tablea 1 to 3. The resulta clearly show
that the pulsed lifetime increases when the polymer comprises a
triarylamine repeat unit T' in accordance with the present
invention as compared with the corresponding polymer comprising

'PFB or DPF, respectively.

TABLE 1
Polymer DC LT {hrs) Palsed LT {hrs) Pulsed/DC LT
1 48" 350 72

F B4 601 1.1
TABLE 2

Polymer DC LT (hrs) Pulsed LT (hrs) Pulsed/DG LT
3 g g0 %8
4 5 338 7.8
TABLE 3

Polymer DC L1 {hma) Pulsed LT {hrs) Pulsed/DG ET
5 A0* 386 Y]

8 55" —&75 10.3

*Extrapolatad from 800 edim® (AF=2)
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CLAIMS:

1. A pulsed driven display comprising an organic light-
emicting device, sald device comprising an organic layer
comprising a semiconductive polymer, said pclymer comprising a
flucrene or triarylamine repeat wunit, the fluorens or
triarylamine repeat unit having a group R pendent £from the
polymer backbone, whereln R has general formula I:

’t‘\ I

n

:TR"J,,,
Arz

AN

{Rdn

where Ar® represents phenyl or a group comprising napthyl; Ar?
represents phenyl or a group ccmprising napthyl: R’ represents a
substituent group; BR” = H or a substituent; n=0, 1, 2 or 37 m=0

or 1; and n’=1 or 2, with the provisc that m=0 1if n=0.

2. A display according to claim 3, wherein R" represents =
branched C4 to C20 alkyl cor alkoxy group.

3. A display according to claim 2, wherein R’ represents t-Bu.
4. A display according to any one cof claims 1 to 3, wherein

when n'=1 and Ar? represent phenyl, R’ is located at the para

position.
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5. A display according to any one of claims 1 to 3, wherein
when n*=2 and Ar® represent phenyl, R* are located at the meta

positions.

6. A display according to any one of the preceding claims,

wherein the fluorene repeat unit has general formula VI:

VI

where each R independently is as defined in any ona of the

precading claims.

7. A display according to any one of the preceding claims,

wherein the triarylamine repeat unit comprises a triphenylamine.

8. A display according to claim 7, wherein the triarylamine

repeat unit has general formula AIVa:

“O+O
@

where R, n and n' are as defined in eny one of claims 1 to 5.

®)
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9. B display according to claim 7, wherein the triarylamine
repeat unit has general formula XIVb:

By )
where R*, n and n’ are as defined in any one of claims 1 fo 5.

10. & display according to any one of the preceding claims,
whereln the semiconductive polymer is hlue iight-emitting.

1i. 24 display according to any one of the preceding claims,

wherein the semiconductive pelymer is hole transporting.

12. A display according to any one of the preceding claims,
wherain the saemicenductive polyvmer has one or more further
repeat units selected from 1,4-phenylene repeat units;
indenofluorens repeat units; spirofluorene repeat unitsy; 2,7-
linked fluorene repeat unlts; triarvliamine repeat units; and

hetercarylene repeat units.

13. A method for preparing a display aceosrding to any ons of
the preceding claims, wherein the semiconductive polymer 1=

deposited from soclution to form a layer.
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14, A semiconductive polymer suitable for use im an organic
light-emitting device, said polymer comprising a triarylamine
repeat unit, the triarylamine repeat wnit having a group R

pendent from the polymer backbone, wherein R has general formula
Ts

o

—
a3
-

)

k!
/

R

where Art represents phenyl or a group comprising napthyls ar?
represents phenyl or a group comprieging napthyl; R’ represents a
substituent group; R represents hydrogen or a substituent
group; n= 0, 1, 2 pr 3; m=0 or 1; and n’=1 or 2 provided that
when n=0, m=0 and R’ represents a branched C4 to C20 alkyl or

alkoxy group comprising a tertiary carbon atom.

15. A polymer accerding teo claim 14, wherein the triarylamine

repeat unit is as defined in any one of claims 2 to 5 oxr 7 to 8.

16. A polymer according to claim 14 or glaim 15, wherein said
polymer contains one or more further repeat units selected from
the group consisting of 1, 4~-phenylens repeat units;
indencfluorens repeat units; gpirofluorens repeat units; 2,7-
lirked Flucorene repeat wunlts; triarylamine repeat units; and

hetercarylene repeat units.

17. A monomer for making a semiconductive polymer having

general formula Il:
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reastive gromp—Ar—{-N—Ar}—reactive group I

Ar'
a

R

AN

(R
where Ar‘, Ar®, R', R*, m, n, and n’ are as defined in claim 14
gr 15; a = 1 or 2; each Ar independently represents an aryl or
heteroeryl groupr and ‘reactive group’ represents a reactive
group capable of participating in polymexisation; provided that
when n=0, R’ represents a branched C4 to C20 alkyl or alkoxy

group comprising a tertiary carxbon atem.

18. A monomer according te claim 17, wherein Ar represents

phenyl.

19. 2 monomer according to claim 18, having general formula
XXIII:

reactive group @ @ reacive group ¥EITT
n

where ‘reactive group’ represents a reactive group capabla of

L

participating in polymerisation; R, n and n’ are as defined in
claim 17.
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20.
XXIV:

O ©

n n

Ry !EEEI Iiigg'(mk

where R*, and n’

A monomer according to claim 19, having gereral formula

are as defined in claim 17.

21. A monemer according te claim 18, having one of Formulae XXV
to X3X:

mdwegmup—@——w—@——mndhu worp XXV

g
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Where ‘reactive group’ regresents a reactive group capable of

participating in polymerisation.
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22. A method for preparing a semiconductive polymer comprising
the step of polymerising monomers as defined in any one of

claims 17 to 21 by Suzuki polymerisation.
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ABSTRACT:

& pulassd driven display comprising an organie light-emitting
device, sald device comprising an organic layer comprising a
semiconductive polymer, sald poiymer comprislng a flucrens or
triarylamine repeat unit, the fluorene or triarylamine repeat
unit having a group R pendent from the polymer backbone, whezrein
R has gensral formula I:

where Ar' represents phenyl or a group comprising napthyl; Ar?
represents phenyl or a grecup comprising napthyl; R’ represents a
subgtituent group; R” = H or a substituent; n=D, 1, 2 or 3; m=0
or 1;: and n'=1 or 2, with the provisc that w=0 1f n=0.
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