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Description

[0001] The presentinvention relates to a compound which can be utilised in a display comprising at least one organic
light emitting diode with enhanced performance and longer lifetime.

. BACKGROUND OF THE INVENTION

[0002] Since the demonstration of efficient organic light emitting diodes (OLEDs) by Tang et al. in 1987 (C.W. Tang
et al., Appl. Phys. Lett. 51 (12), 913 (1987)), OLEDs developed from promising candidates to high-end commercial
displays. An OLED comprises a sequence of thin layers substantially made of organic materials. The layers typically
have a thickness in the range of 1 nm to 5 um. The layers are usually formed either in vacuum by means of vapor
deposition or from a solution, for example by means of spinning on or printing.

[0003] OLEDs emit light after the injection of charge carriers in the form of electrons from the cathode and in form of
holes from the anode into organic layers arranged in between. The charge carrier injection is effected on the basis of
an a applied external voltage, the subsequent formation of excitons in a light emitting zone and the radiative recombination
of those excitons. At least one of the electrodes is transparent or semitransparent, in the majority of cases in the form
of a transparent oxide, such as indium tin oxide (ITO), or a thin metal layer.

[0004] Flat displays based on OLEDs can be realized both as a passive matrix and as an active matrix. In the case
of passive matrix displays, the image is generated by for example, the lines being successively selected and an image
information item selected on the columns being represented. However, such displays are restricted to a size of approx-
imately 100 lines for technical construction reasons.

[0005] Displays having a high information content require active driving of the sub-pixels. For this purpose, each sub-
pixel is driven by a circuit having transistors, a driver circuit. The transistors are usually designed as thin film transistors
(TFT). Full color displays are known and typically used in mp3-players, digital photo cameras, and mobile phones;
earliest devices were produced by the company Sanyo-Kodak. In this case, active matrices made of polysilicon which
contain the respective driver circuit for each sub-pixel are used for OLED displays. An alternative to polysilicon is
amorphous silicon, as described by J.-J. Lih et al., SID 03 Digest, page 14 et seq. 2003 and T. Tsujimura, SID 03 Digest,
page 6 et seq. 2003. Another alternative is to use transistors based on organic semiconductors.

[0006] Examples of OLED layer stacks used for displays are described by Duan et al (DOI: 10.1002/adfm.201100943).
Duan shows blue OLEDs and white OLEDs. He modified the devices with one light emitting layer to a double and triple
light emitting layer, achieving a longer lifetime at the cost of a more complex device stack. Other state-of-the art stacks
are disclosed in US6878469 B2, WO 2009/107596 A1, US 2008/0203905 and EP 2 395 571 A1.

[0007] Itis an objective of the invention to provide a compound which can be utilised in a display comprising at least
one organic light emitting diode with better characteristics, especially with a longer lifetime. The compound shall also
be synthesized without any difficulties.

Il. SUMMARY OF THE INVENTION

[0008] The object of the invention is achieved by a compound according to formula (1):
1
(s }m Az )
= E "

5 )

wherein A' and A2 are independently selected from halogen, CN, substituted or unsubstituted C4-Cyy-alkyl or het-
eroalkyl, C4-C,q-aryl or C5-C,p-heteroaryl, C4-C,q-alkoxy or Cg-Cog-aryloxy,

m and n are independently selected from 0, 1 and 2,

A3is
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wherein RE is selected from H, halogen, CN, substituted or unsubstituted C1-C20-alkyl or C1-C20-heteroalkyl, C6-
C20-aryl or C5-C20-heteroaryl, C1-C20-alkoxy or C6-C20-aryloxy;

each of R7 and R8 is independently selected from substituted or unsubstituted C6-C20-aryl or C5-C20-heteroaryl;
q is selected from 1, 2, and 3;

kis 0 or1,

ris selected from 0, 1, 2, 3 or 4,

R%9is O or S;

wherein the following compounds are excluded:

(i) (i1).

[0009] Preferred embodiments are disclosed in the sub-claims.

[0010] The inventive compound can be used in a display comprising at least one OLED, wherein the at least one
OLED comprises an anode, a cathode, a light emitting layer between the anode and the cathode, and at least one layer
comprising a compound according to formula (I) between the cathode and the light emitting layer. The compound
according to formula (1) is an inventive electron transport material (IETM), and is described further below. The layer
comprising the IETM is also called IETL.

[0011] The display may comprise at least one second OLED, wherein the first OLED and the second OLED emit in
different colors. In one aspect each first OLED or second OLED have monochromatic emission, where the colours are
selected from red, green, and blue. In another aspect, the emitted color is selected from red, green, blue and white. In
another aspect, the emitted color is selected at least from deep blue and light blue.

[0012] The display is preferably a matrix array display, more preferably an active matrix array display.

[0013] Preferred applications of displays range from mobile phones, portable music players, portable computers and
other personal portable devices to car radio receivers, television sets, computer monitors, and more.

[0014] The layer comprising the IETM may preferably comprise an additional material. The additional material is
preferably selected from metal salt or metal complex. Alternatively or in addition, the additional material is preferably an
electrical n-dopant.

[0015] The IETM may be preferably used as in an exciton blocking layer.
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[0016] The OLED preferably comprises the IETL and an additional IETL. Preferably one of the IETL and the additional
IETL is a pure layer consisting of IETM, and the other comprises the additional material.

[0017] The OLED may have a charge generation layer, wherein the charge generation layer comprises the IETM.
[0018] A further embodiment of the invention is a compound, according to formula (lIl):

wherein R10-R14 are independently selected from H, halogen, CN, substituted or unsubstituted C1-C20-alkyl or C1-
C20-heteroalkyl, C6-C20-aryl or C5-C20-heteroaryl, C1-C20-alkoxy or C6-C20-aryloxy;

each of R15 and R16 is independently selected from substituted or unsubstituted C6-C20-aryl or C5-C20-heteroaryl;
p is selected from 1, 2, and 3;

lisOor1,

o is selected from 0, 1, 2, 3 or 4,

R'7isOorS

wherein the following compounds are excluded:

[0019] In formula (lIl), it is to be understood that, if o = 0, that the phenyl group bearing the substituent R4 and the
phosphine substituent is directly attached via a single bond to the acridine scaffold. Further, it is to be understood that,
if 0 = 2, this results in a biphenyl structure, wherein one of the benzene moieties of the biphenyl structure may be
substituted as illustrated in formula (l11).

[0020] Preferably, the compound (lll) is characterized by generic formula (V)
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vy

wherein each of R18-R22 js independently selected from H, halogen, CN, substituted or unsubstituted C1-C20-alkyl
or C1-C20-heteroalkyl, C6-C20-aryl or C5-C20-heteroaryl, C1-C20-alkoxy or C6-C20-aryloxy;

each of R23 and R24 is independently selected from substituted or unsubstituted C6-C20-aryl or C5-C20-heteroaryl,
and

R25is O or S.

[0021] More preferably, each of R18-R21 in formula (V) is independently selected from H, and from, each either
substituted or unsubstituted, C1-C20-alkyl, C1-C20-heteroalkyl, C1-C20-alkoxy and C6-C20-aryloxy; and

R22 js selected from H and substituted or unsubstituted C6-C20-aryl or C5-C20-heteroaryl and each of R23 and R24 is
independently selected from substituted or unsubstituted C6-C20-aryl or C5-C20-heteroaryl, and

R25is O.

lll. ADVANTAGEOUS EFFECT OF THE INVENTION

[0022] Withtheinventionitis possible to obtain muchlonger lifetime for a display pixel (and subpixels), while maintaining
low operating voltage. The advantages are especially relevant for blue OLEDs, even more for singlet blue emitters.
[0023] In addition, with the inventive IETM it is possible to use the same material in ETLs of adjacent sub-pixels of
different colors and different emitter types (fluorescent or phosphorescent), achieving higher efficiency in with the fluo-
rescent emitters without jeopardizing the performance of the phosphorescent sub-pixels.
[0024] Also equivalent advantage is achieved in white OLEDs, such as stacked OLEDs, which are combined with
color filters in a display.
IV. BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 shows a schematic illustration of the layer structure of an OLED which can be utilized in an display.

FIG. 2 shows a schematic illustration of the layer structure of another OLED which can be utilized in an display.

FIG. 3 shows a schematic illustration of the layer structure of an OLED and its correspondent driver transistor which
can be utilized in an display.

FIG. 4 shows a schematic illustration of a sub-pixel arrangement.

FIG. 5 shows two schematic illustrations of sub-pixel arrangements.

FIG. 6 shows a comparison of the current-voltage curves of comparative and devices using the invention.
FIG. 7 shows a comparison of the quantum efficiency of the devices as used in FIG. 6.

FIG. 8 shows a comparison of the current efficiency vs. the luminance of the devices used.
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V. DETAILED DESCRIPTION OF THE INVENTION
Device Architecture

[0026] Fig. 1 shows a stack of anode (10), organic semiconducting layer (11) comprising the light emitting layer, IETL
(12), and cathode (13). Other layers can be inserted between those depicted, as explained herein.

[0027] Fig. 2 shows a stack of an anode (20), a hole injecting and transporting layer (21), a hole transporting layer
(22) which can also aggregate the function of electron blocking, a light emitting layer (23), an IETL (24), and a cathode
(25). Other layers can be inserted between those depicted, as explained herein.

Material properties - energy levels

[0028] A method to determine the ionization potentials (IP) is the ultraviolet photo spectroscopy (UPS). It is usual to
measure the ionization potential for solid state materials; however, it is also possible to measure the IP in the gas phase.
Both values are differentiated by their solid state effects, which are, for example the polarization energy of the holes that
are created during the photo ionization process. A typical value for the polarization energy is approximately 1 eV, but
larger discrepancies of the values can also occur. The IP is related to beginning of the photoemission spectra in the
region of the large kinetic energy of the photoelectrons, i.e. the energy of the most weakly bounded electrons. A related
method to UPS, the inverted photo electron spectroscopy (IPES) can be used to determine the electron affinity (EA).
However, this method is less common. Electrochemical measurements in solution are an alternative to the determination
of solid state oxidation (E,) and reduction (E,.q) potential. An adequate method is for example the cyclo-voltammetry.
A simple rule is used very often for the conversion of red/ox potentials into electron affinities and ionization potential: IP
=4.8 eV + e*E,, (vs. Ferrocen/Ferrocenium) and EA = 4.8 eV + e*E 4 (vs. Ferrocen/Ferrocenium) respectively (see
B.W. Andrade, Org. Electron. 6, 11 (2005)). Processes are known for the correction of the electrochemical potentials in
the case other reference electrodes or other redox pairs are used (see A.J. Bard, L.R. Faulkner, "Electrochemical
Methods: Fundamentals and Applications", Wiley, 2. Ausgabe 2000). The information about the influence of the solution
used can be found in N.G. Connelly et al., Chem. Rev. 96, 877 (1996). It is usual, even if not exactly correct to use the
terms "energy of the HOMO" E(HOMO) and "energy of the LUMO" E(LUMO) respectively as synonyms for the ionization
energy and electron affinity (Koopmans Theorem). It has to be taken in consideration, that the ionization potentials and
the electron affinities are given in such a way that a larger value represents a stronger binding of a released or respectively
of an absorbed electron. The energy scale of the molecular orbitals (HOMO, LUMO) is opposed to this. Therefore, in a
rough approximation, is valid: IP=-E(HOMO) and EA=E(LUMO). The given potentials correspond to the solid-state
potentials.

Substrate

[0029] It can be flexible or rigid, transparent, opaque, reflective, or translucent. The substrate should be transparent
or translucent if the light generated by the OLED is to be transmitted through the substrate (bottom emitting). The
substrate may be opaque if the light generated by the OLED is to be emitted in the direction opposite of the substrate,
the so called top-emitting type. The display can also be fully transparent. The substrate can be either arranged adjacent
to the cathode or anode.

Electrodes

[0030] The electrodes are the anode and the cathode, they must provide a certain amount of conductivity, being
preferentially conductors. At least one of the electrodes must be semitransparent or transparent to enable the light
transmission to the outside of the device. Typical electrodes are layers or a stack of layer, comprising metal and/or
transparent conductive oxide. Other possible electrodes are made of thin busbars (e.g. a thin metal grid) wherein the
spaces between the busbars is filled (coated) with a transparent material with a certain conductivity, such as graphene,
carbon nanotubes, doped organic semiconductors, etc.

[0031] In one mode, the anode is the electrode closest to the substrate, which is called non-inverted structure. In
another mode, the cathode is the electrode closest to the substrate, which is called inverted structure.

[0032] Typical materials for the anode are ITO and Ag. Typical materials for the cathode are Mg:Ag (10 vol% of Mg),
Ag, ITO, Al. Mixtures and multilayer are also possible.

[0033] Preferably, the cathode comprises a metal selected from Ag, Al, Mg, Ba, Ca, Yb, In, Zn, Sn, Sm, Bi, Eu, Li,
more preferably from Al, Mg, Ca, Ba and even more preferably selected from Al or Mg. Preferred is also a cathode
comprising an alloy of Mg and Ag.
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Hole-Transporting Layer (HTL)

[0034] Is a layer comprising a large gap semiconductor responsible to transport holes from the anode or holes from
a CGL to the light emitting layer (LEL). The HTL is comprised between the anode and the LEL or between the hole
generating side of a CGL and the LEL. The HTL can be mixed with another material, for example a p-dopant, in which
case itis said the HTL is p-doped. The HTL can be comprised by several layers, which can have different compositions.
P-doping the HTL lowers its resistivity and avoids the respective power loss due to the otherwise high resistivity of the
undoped semiconductor. The doped HTL can also be used as optical spacer, because it can be made very thick, up to
1000 nm or more without significant increase in resistivity.

Hole-Injecting Layer (HIL)

[0035] Is a layer which facilitates the injection of holes from the anode or from the hole generating side of a CGL into
an adjacent HTL. Typically the HIL is a very thin layer (<10 nm). The hole injection layer can be a pure layer of p-dopant
and can be about 1 nm thick. When the HTL is doped, an HIL may not be necessary, since the injection function is
already provided by the HTL.

Light-Emitting Layer (LEL)

[0036] The light emitting layer must comprise at least one emission material and can optionally comprise additional
layers. If the LEL comprises a mixture of two or more materials the charge carrier injection can occur in different materials
for instance in a material which is not the emitter, or the charge carrier injection can also occur directly into the emitter.
Many different energy transfer processes can occur inside the LEL or adjacent LELs leading to different types of emission.
For instance excitons can be formed in a host material and then be transferred as singlet or triplet excitons to an emitter
material which can be singlet or triplet emitter which then emits light. A mixture of different types of emitter can be
provided for higher efficiency. Mixed light can be realized by using emission from an emitter host and an emitter dopant.
[0037] The best performance enhancement is achieved with blue fluorescent emitters.

[0038] Blocking layers can be used to improve the confinement of charge carriers in the LEL, these blocking layers
are further explained in US 7,074,500 B2.

Electron-Transporting Layer (ETL)

[0039] Isalayercomprising a large gap semiconductor responsible to transport electrons from the cathode or electrons
from a CGL to the light emitting layer (LEL). The ETL is comprised between the anode and the LEL or between the
electron generating side of a CGL and the LEL. The ETL can be mixed with another material, for example a n-dopant,
in which case it is said the ETL is n-doped. The ETL can be comprised by several layers, which can have different
compositions. N-doping the ETL lowers its resistivity and avoids the respective power loss due to the otherwise high
resistivity of the undoped semiconductor. The doped ETL can also be used as optical spacer, because it can be made
very thick, up to 1000 nm or more without significant increase in resistivity.

[0040] The presentinvention employs a compound according to formula (1) in the ETL, which compound can be used
in combination with other materials, in the whole layer or in a sublayer of the ETL.

[0041] Hole blocking layers and electron blocking layers can be employed as usual. In a preferred mode of the invention,
the LEL has a very low HOMO and an EBL is not necessary. That is because the recombination of charge carriers with
light emission is close or at the HTL/LEL interface.

Electron-Injecting Layer (EIL)

[0042] Several different techniques for providing ElLs can be used. Some of those techniques are explained below:
the device can comprise a buffer layer between the cathode and the ETL. This buffer layer can provide protection against
the cathode deposition or metal diffusion from the cathode. Sometimes this buffer layer is named as buffer or as injection
layer. Another kind of injection layer is a layer comprising an n-dopant between the ETL and the cathode. This layer can
be a pure layer of n-dopant which is typically less than 5 nm thick, typically only about 1 nm thick. The use of the strong
donor (n-dopant) as injection layer provides lower voltages and higher efficiency in the device. If the ETL is n-doped,
then the injection layer may not be necessary. Other kinds of injection layers are: metal doped organic layer, typically
using alkali metals; thin layer of a metal complexes (such as lithium quinolate (LiQ), inorganic salts (such as LiF, NaCl, etc).
[0043] The best mode is achieved by mixing the ETL with an additional material such as, as for example metal
complexes, such as for example LiQ. Especially for blue OLEDs for display applications this mixing enables higher
efficiency and longer lifetime.
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[0044] In another mode, the additional material is an n-dopant.
[0045] Other layers with different functions can be included, and the device architecture can be adapted as known by
the skilled in the art.

Charge generation layer (CGL)

[0046] The OLED can comprise a CGL which can be used in conjunction with an electrode as inversion contact, or
as connecting unit in stacked OLEDs. A CGL can have the most different configurations and names, examples are pn-
junction, connecting unit, tunnel junction, etc. Best examples are pn junctions as disclosed in US 2009/0045728 A1, US
2010/0288362 A1. Metal layers and or insulating layers can also be used.

Stacked OLEDs

[0047] When the OLED comprises two or more LELs separated by CGLs, the OLED is named a stacked OLED,
otherwise itis named a single unit OLED. The group of layers between two closest CGLs or between one of the electrodes
and the closest CGL is named a electroluminescent unit (ELU). Therefore a stacked OLED can be described as an-
ode/ELU4/{CGLy/ELU, y}x/cathode, wherein x is a positive integer and each CGLy or each ELU,,y can be equal or
different. The CGL can also be formed by the adjacent layers of two ELUs as disclosed in US2009/0009072 A1. Further
stacked OLEDs are explained e.g. in US 2009/0045728 A1, US 2010/0288362 A1, and references therein.

Pixel structure

[0048] The pixel is sub-structured into sub-pixels with different colors so that each pixel is enabled to render the whole
required color space (e.g. NTSC, CIE 1931, extended ISO RGB). There are two main OLED configuration used for such
displays:

(i) all OLEDs are white having the same layer stack configuration and the different colors are provided by color
filters, the OLEDs are broadband emitting, in the best case having emission peaks (or bands) well matching the
transmission of the color filters.

(ii) the OLEDs have multiple colors, typically at least 3 colors. In this mode it is preferred that each OLED have a
single ELU, that simplifies the production process and provided the lowest driving voltage for the display. A filter
can still be used in addition, to reduce blurring and ensure a more pure color for each sub-pixel.

[0049] Different configurations of subpixels can be used for each pixel of the display. In one preferred mode, each
pixel consists of lateral red, green, and blue stripes (RGB). Such a configuration is depicted in Fig. 4, the outer rectangle
delimits the region where the pixel is constructed, in which pixel comprises a red (R), a green (G), and a blue (B) stripe.
[0050] The color space can also be rendered by sub-pixels of different geometries and different colors, for example
using RGBY, where Y stands for yellow, using RGBW, where W stands for white. Some rendering technologies can
also be used in which a sub-pixel is shared between 2 or more pixels, requiring sub-pixel rendering, see for example
US 2004 0051724 A1, which paragraph 0003 is incorporated herein by reference. The left side of Fig. 5 shows a pixel
formed by 4 sub-pixels in the RGBW configuration.

[0051] Other arrangements provide longer lifetimes to the display, for example as depicted in the right side of Fig. 5.
In Fig. 5 ared (R), a green (G), a deep blue (DB), and a light blue (LB) sub-pixel are used, mainly to improve the lifetime
of the blue color, because deep-blue has a shorter lifetime and is not always required in the image. This configuration
can also improve overall power efficiency, if a phosphorescent blue emitter is used instead of a fluorescent in the LB
sub-pixel. The arrangements of Fig.5 can also have another desired geometry, such as side-by-side strips. However,
the depicted geometry is preferred for non-subpixel rendering of a pixel comprising 4 sub-pixels.

Electronic structure of the display’s sub-pixel

[0052] A sub-pixel is a one colour element which at least 3 different colour element are necessary for creating a pixel
of a colour display. For a monochromatic display, the sub-pixel is the pixel itself. Fig. 3 shows the cross sectional view
of an exemplary configuration of an OLED with its respective transistors in a display. The OLED is represented by bottom
electrode (310), top electrode (312), and the semiconductor layers (311) comprising the IETM between the bottom and
the top electrodes. Bottom and top electrodes are selected from anode and cathode, depending on the polarity supplied
by transistors (302, 303). In one mode the bottom electrode (310), an insulating layer (314), further insulating layer (313)
and substrate (301) are transparent, with electrode (312) being not transparent, the OLED being of bottom emitting type.
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In another mode the OLED is top-emitting, wherein the bottom electrode (310) is not transparent and the top electrode
(312) is transparent. In yet another mode the display is transparent and layers (301, 302, 310, 311, 312) are transparent
in the visible. Gate insulating layer (304) needs to be transparent if necessary, and it is transparent anyway in most of
the cases due to the use of high gap dielectric materials.

[0053] Transistor (301) is the driving transistor which controls the current flowing through the OLED, this transistor
comprises two source and drain electrodes (305, 306, not necessarily in this order), a semiconducting layer (307), a
gate insulating layer (304), a gate electrode (308). A via (wiring) connects transistor’s electrode (305) to the OLED’s
electrode (310). The switching transistor (302) controls the video signal applied to the driving transistor (301). An insulating
layer (314) separates the transistors from the OLED and supports vias (309). A further insulating layer (314) separates
the wirings from the electrodes of the OLED.

[0054] Further components are known by the skilled in the art and therefore not shown, for instance the capacitors
are not in the same plane of Fig.3 and more transistors could be used in the circuit.

[0055] The best configuration is achieved with top-emitting OLEDs due to the larger fill factor area.

[0056] The OLED structures described herein can deposited on a backplane structure in form of sub-pixels, example
for the backplane circuitis the one described in conjunction with Fig.3. This construct is then encapsulated and connected
to the electronic driver to serve as a display. Typically, anti-reflection means are further incorporated to the display.

Deposition of Organic Layers

[0057] Any organic semiconducting layers of the inventive display can be deposited by known techniques, such as
vacuum thermal evaporation (VTE), organic vapour phase deposition, laserinduced thermal transfer, spin coating, blade
coating, slot dye coating, inkjet printing, etc. A preferred method for preparing the OLED according to the invention is
vacuum thermal evaporation.

[0058] Preferably, the EITL is formed by evaporation. When using an additional material in the EITL it is preferred that
the EITL is formed by co-evaporation of the EITM and the additional material. The additional material may be mixed
homogeneously in the EITL. In one mode of the invention, the additional material has a concentration variation in the
EITL, wherein the concentration changes in the direction of the thickness of the stack of layers. It is also foreseen that
the EITL is structured in sub-layers, wherein some but not all of these sub-layers comprise the additional material.

Electrical doping

[0059] The most reliable and at the same time efficient OLEDs are OLEDs comprising doped layers. By electrically
doping hole transport layers with a suitable acceptor material (p-doping) or electron transport layers with a donor material
(n-doping), respectively, the density of charge carriers in organic solids (and therefore the conductivity) can be increased
substantially. Additionally, analogous to the experience with inorganic semiconductors, some applications can be antic-
ipated which are precisely based on the use of p- and n-doped layers in a component and otherwise would be not
conceivable. The use of doped charge-carrier transport layers (p-doping of the hole transport layer by admixture of
acceptor-like molecules, n-doping of the electron transport layer by admixture of donor-like molecules) in organic light-
emitting diodes is, e.g., described in US 2008/203406 and US 5,093,698.

[0060] Electrical doping of organic semiconducting layers can be used in addition or in combination. This electrical
doping can also be called redox-doping or charge transfer doping. It is known that the doping increases the density of
charge carriers of a semiconducting matrix towards the charge carrier density of the undoped matrix.

[0061] US2008227979 discloses in detail the doping of organic transport materials, with inorganic and with organic
dopants. Basically, an effective electronic transfer occurs from the dopant to the matrix increasing the Fermi level of the
matrix. For an efficient transfer in a p-doping case, the LUMO energy level of the dopant is preferably more negative
than the HOMO energy level of the matrix or at least slightly more positive, not more than 0.5 eV, to the HOMO energy
level of the matrix. For the n-doping case, the HOMO energy level of the dopant is preferably more positive than the
LUMO energy level of the matrix or at least slightly more negative, not lower than 0.5 eV, to the LUMO energy level of
the matrix. It is further more desired that the energy level difference for energy transfer from dopant to matrix is smaller
than + 0.3 eV.

[0062] Typical examples of doped hole transport materials are: copper phthalocyanine (CuPc), which HOMO level is
approximately -5.2 eV, doped with tetrafluoro-tetracyanoquinonedimethane (F4TCNQ), which LUMO level is about -5.2
eV; zincphthalocyanine (ZnPc) (HOMO =-5.2 eV) doped with FATCNQ; a-NPD (N,N’-Bis(napbthalen-1-yl)-N,N’-bis(phe-
nyl)-benzidine) doped with F4ATCNQ. a-NPD doped with 2,2’-(perfluoronaphthalene-2,6-diylidene) dimalononitrile (PD1).
a-NPD doped with 2,2’,2"-(cyctopropane-1,2,3-triylidene)tris(2-(p-cyanotetrafluorophenyl)acetonitrile) (PD2). All p-dop-
ing in the device examples were done with 5 mol. % of PD2.

[0063] Typical examples of doped electron transport materials are: fullerene C60 doped with acridine orange base
(AOB); perylene-3,4,9,10-tetracarboxylic-3,4,9,10-dianhydride (PTCDA) doped with leuco crystal violet; 2,9-di(phenan-
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thren-9-yl)-4,7-diphenyl-1,10-phenanthroline doped with tetrakis(1,3,4,6,7,8-hexahydro-2H-pyrimido[1,2-a]pyrimidi-
nato) ditungsten (Il) (W,(hpp),); naphthalene tetracarboxylic acid di-anhydride (NTCDA) doped with 3,6-bis-(dimethyl
amino)-acridine; NTCDA doped with bis(ethylene-dithio) tetrathiafulvalene (BEDT-TTF).

VI. MATERIALS
[0064] Preferred emission ranges are:

- Blue emission having a peak between 440 nm and 490 nm.

- Yellow 