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(57) ABSTRACT 

An organic light emitting device is provided. The device has 
an anode, a cathode, and an emissive layer disposed betWeen 
the anode and the cathode. The emissive layer further 
comprising an emissive material having the structure: 

M is a metal having an atomic Weight greater than 40. R5 is 
an aromatic group. The emissive material itself is also 
provided. The emissive material provides an improved sta 
bility and ef?ciency. 
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ORGANOMETALLIC COMPOUNDS FOR USE IN 
ELECTROLUMINESCENT DEVICES 

FIELD OF THE INVENTION 

[0001] The present invention relates to ef?cient organic 
light emitting devices (OLEDs), and more speci?cally to 
phosphorescent organic materials used in such devices. 
More speci?cally, the present invention relates to phospho 
rescent emitting materials With improved stability and ef? 
ciency When incorporated into an OLED. 

BACKGROUND 

[0002] Opto-electronic devices that make use of organic 
materials are becoming increasingly desirable for a number 
of reasons. Many of the materials used to make such devices 
are relatively inexpensive, so organic opto-electronic 
devices have the potential for cost advantages over inorganic 
devices. In addition, the inherent properties of organic 
materials, such as their ?exibility, may make them Well 
suited for particular applications such as fabrication on a 
?exible substrate. Examples of organic opto-electronic 
devices include organic light emitting devices (OLEDs), 
organic phototransistors, organic photovoltaic cells, and 
organic photodetectors. For OLEDs, the organic materials 
may have performance advantages over conventional mate 
rials. For example, the Wavelength at Which an organic 
emissive layer emits light may generally be readily tuned 
With appropriate dopants. 

[0003] As used herein, the term “organic” includes poly 
meric materials as Well as small molecule organic materials 
that may be used to fabricate organic opto-electronic 
devices. “Small molecule” refers to any organic material that 
is not a polymer, and “small molecules” may actually be 
quite large. Small molecules may include repeat units in 
some circumstances. For example, using a long chain alkyl 
group as a substituent does not remove a molecule from the 
“small molecule” class. Small molecules may also be incor 
porated into polymers, for example as a pendent group on a 
polymer backbone or as a part of the backbone. Small 
molecules may also serve as the core moiety of a dendrimer, 
Which consists of a series of chemical shells built on the core 
moiety. The core moiety of a dendrimer may be a ?uorescent 
or phosphorescent small molecule emitter. 

[0004] OLEDs make use of thin organic ?lms that emit 
light When voltage is applied across the device. OLEDs are 
becoming an increasingly interesting technology for use in 
applications such as ?at panel displays, illumination, and 
backlighting. Several OLED materials and con?gurations 
are described in US. Pat. Nos. 5,844,363, 6,303,238, and 
5,707,745, Which are incorporated herein by reference in 
their entirety. 

[0005] OLED devices are generally (but not alWays) 
intended to emit light through at least one of the electrodes, 
and one or more transparent electrodes may be useful in an 
organic opto-electronic devices. For example, a transparent 
electrode material, such as indium tin oxide (ITO), may be 
used as the bottom electrode. A transparent top electrode, 
such as disclosed in US. Pat. Nos. 5,703,436 and 5,707,745, 
Which are incorporated by reference in their entireties, may 
also be used. For a device intended to emit light only through 
the bottom electrode, the top electrode does not need to be 
transparent, and may be comprised of a thick and re?ective 
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metal layer having a high electrical conductivity. Similarly, 
for a device intended to emit light only through the top 
electrode, the bottom electrode may be opaque and/or re?ec 
tive. Where an electrode does not need to be transparent, 
using a thicker layer may provide better conductivity, and 
using a re?ective electrode may increase the amount of light 
emitted through the other electrode, by re?ecting light back 
toWards the transparent electrode. Fully transparent devices 
may also be fabricated, Where both electrodes are transpar 
ent. Side emitting OLEDs may also be fabricated, and one 
or both electrodes may be opaque or re?ective in such 
devices. 

[0006] As used herein, “top” means furthest aWay from 
the substrate, While “bottom” means closest to the substrate. 
For example, for a device having tWo electrodes, the bottom 
electrode is the electrode closest to the substrate, and is 
generally the ?rst electrode fabricated. The bottom electrode 
has tWo surfaces, a bottom surface closest to the substrate, 
and a top surface further aWay from the substrate. Where a 
?rst layer is described as “disposed over” a second layer, the 
?rst layer is disposed further aWay from substrate. There 
may be other layers betWeen the ?rst and second layer, 
unless it is speci?ed that the ?rst layer is “in physical contact 
With” the second layer. For example, a cathode may be 
described as “disposed over” an anode, even though there 
are various organic layers in betWeen. 

[0007] One application for phosphorescent emissive mol 
ecules is a full color display. Industry standards for such a 
display call for pixels adapted to emit particular colors, 
referred to as “saturated” colors. In particular, these stan 
dards call for saturated red, green, and blue pixels. Color 
may be measured using CIE coordinates, Which are Well 
knoWn to the art. 

[0008] Industry standards call for the lifetime of such full 
color displays to be at least about 5000 hours. In addition, 
high stability and ef?ciency are important characteristics of 
high quality displays. These requirements have helped gen 
erate a need for phosphorescent emissive materials that 
exhibit longer lifetimes, higher stability, and higher ef? 
ciency in the red, green and blue Wavelength regimes than 
have been achieved in the prior art. 

[0009] One example of a green emissive molecule is 
tris(2-phenylpyridine) iridium, denoted Ir(ppy)3, Which has 
the structure of Formula I: 

[0010] In this, and later ?gures herein, We depict the dative 
bond from nitrogen to metal (here, Ir) as a straight line. 
Ir(ppy)3 emits a spectrum at CIE 0.30, 0.63, and has a 
stability3 of about 10,000 hours at an initial photon ?ux of 
27x10 photon/SR.m2.s, and a quantum ef?ciency of about 
6%. KWong et al., Appl. Phys. Lett, 81, 162 (2002). 
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SUMMARY OF THE INVENTION 

[0011] An organic light emitting device is provided. The 
device has an anode, a cathode, and an emissive layer 
disposed betWeen the anode and the cathode. The emissive 
layer further comprising an emissive material having the 
structure: 

[0012] Wherein M is a metal having an atomic Weight 
greater than 40; 

[0013] R5 is a substituent selected from the group 
consisting of aryl and heteroaryl, Wherein said aryl 
or heteroaryl is unsubstituted or optionally, substi 
tuted With non-aromatic groups; 

[0014] R3 is a substituent selected from the group 
consisting of H, alkyl, alkenyl, alkynyl, alkylaryl, 
CN, CF3, CnF2n+1, tri?uorovinyl, COZR, C(O)R, 
NR2, NO2, OR, halo, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl or a heterocyclic group; 

[0015] R4 is a substitutent selected from the group 
consisting of H, alkyl, alkenyl, alkynyl, alkylaryl, 
CN, CF3, CnF2n+1, tri?uorovinyl, COZR, C(O)R, 
NR2, NO2, OR, halo, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl or a heterocyclic group; 

[0016] R6 is a substitutent selected from the group 
consisting of H, alkyl, alkenyl, alkynyl, alkylaryl, 
CN, CF3, CnF2n+1, tri?uorovinyl, COZR, C(O)R, 
NR2, NO2, OR, halo, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl or a heterocyclic group; 

[0017] each R is independently selected from H, 
alkyl, alkylaryl and aryl; 

[0018] ring A is an aromatic heterocyclic or a fused 
aromatic heterocyclic ring With at least one nitrogen 
atom that is coordinated to the metal M, Wherein the 
ring can be optionally substituted. 

[0019] (X-Y) is an ancillary ligand; 

[0020] m is a value from 1 to the maximum number 
of ligands that may be attached to the metal; 

[0021] and m+n§ the maximum number of ligands 
that may be attached to the metal. 

[0022] The emissive material itself is also provided. The 
emissive material may have improved efficiency and stabil 
ity When incorporated into a light emitting device. Addi 
tionally, the devices of the present invention are expected to 
exhibit improved quantum efficiency. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shoWs an organic light emitting device 
having separate electron transport, hole transport, and emis 
sive layers, as Well as other layers. 

[0024] FIG. 2 shoWs an inverted organic light emitting 
device that does not have a separate electron transport layer. 

[0025] FIG. 3 shoWs the normaliZed spectra of a Com 
pound 1 device and an Ir(ppy)3 device. 

[0026] FIG. 4 shoWs the external quantum efficiency of a 
device using Compound 1 as the emissive material doped at 
4.5 Wt % compared With a device using Ir(ppy)3 as the 
emissive material doped at 4.5 Wt %. 

[0027] FIG. 5 shoWs the normaliZed luminance decay for 
Compound 1 and Ir(ppy)3 devices under constant current 
drive. 

[0028] FIG. 6 shoWs the chemical structures of represen 
tative photoactive ligands. 

DETAILED DESCRIPTION 

[0029] Generally, an OLED comprises at least one organic 
layer disposed betWeen and electrically connected to an 
anode and a cathode. When a current is applied, the anode 
injects holes and the cathode injects electrons into the 
organic layer(s). The injected holes and electrons each 
migrate toWard the oppositely charged electrode. When an 
electron and hole localiZe on the same molecule, an “exci 
ton,” Which is a localiZed electron-hole pair having an 
excited energy state, is formed. Light is emitted When the 
exciton relaxes via a photoemissive mechanism. In some 
cases, the exciton may be localiZed on an excimer or an 

exciplex. Non-radiative mechanisms, such as thermal relax 
ation, may also occur, but are generally considered undesir 
able. 

[0030] The initial OLEDs used emissive molecules that 
emitted light from their singlet states (“?uorescence”) as 
disclosed, for example, in US. Pat. No. 4,769,292, Which is 
incorporated by reference in its entirety. Fluorescent emis 
sion generally occurs in a time frame of less than 10 
nanoseconds. 

[0031] More recently, OLEDs having emissive materials 
that emit light from triplet states (“phosphorescence”) have 
been demonstrated. Baldo et al., “Highly Ef?cient Phospho 
rescent Emission from Organic Electroluminescent 
Devices”, Nature, vol. 395, 151-154, 1998; (“Baldo-I”) and 
Baldo et al., “Very high-ef?ciency green organic light 
emitting devices based on electrophosphorescence”, Appl. 
Phys. Lett., vol. 75, No. 3, 4-6 (1999) (“Baldo-II”), Which 
are incorporated by reference in their entireties. Phospho 
rescence may be referred to as a “forbidden” transition 

because the transition requires a change in spin states, and 
quantum mechanics indicates that such a transition is not 
favored. As a result, phosphorescence generally occurs in a 
time frame exceeding at least 10 nanoseconds, and typically 
greater than 100 nanoseconds. If the natural radiative life 
time of phosphorescence is too long, triplets may decay by 
a non-radiative mechanism, such that no light is emitted. 
Organic phosphorescence is also often observed in mol 
ecules containing heteroatoms With unshared pairs of elec 
trons at very loW temperatures. 2,2‘-bipyridine is such a 
molecule. Non-radiative decay mechanisms are typically 
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temperature dependent, such that a material that exhibits 
phosphorescence at liquid nitrogen temperatures may not 
exhibit phosphorescence at room temperature. But, as dem 
onstrated by Baldo, this problem may be addressed by 
selecting phosphorescent compounds that do phosphoresce 
at room temperature. 

[0032] Generally, the excitons in an OLED are believed to 
be created in a ratio of about 3:1, i.e., approximately 75% 
triplets and 25% singlets. See, Adachi et al., “Nearly 100% 
Internal Phosphorescent Ef?ciency In An Organic Light 
Emitting Device,” J. Appl. Phys., 90, 5048 (2001), Which is 
incorporated by reference in its entirety. In many cases, 
singlet excitons may readily transfer their energy to triplet 
excited states via “intersystem crossing,” Whereas triplet 
excitons may not readily transfer their energy to singlet 
excited states. As a result, 100% internal quantum ef?ciency 
is theoretically possible With phosphorescent OLEDs. In a 
?uorescent device, the energy of triplet excitons is generally 
lost to radiationless decay processes that heat-up the device, 
resulting in much loWer internal quantum ef?ciencies. 
OLEDs utiliZing phosphorescent materials that emit from 
triplet excited states are disclosed, for example, in US. Pat. 
No. 6,303,238, Which is incorporated by reference in its 
entirety. 
[0033] Phosphorescence may be preceded by a transition 
from a triplet excited state to an intermediate non-triplet 
state from Which the emissive decay occurs. For example, 
organic molecules coordinated to lanthanide elements often 
phosphoresce from excited states localiZed on the lanthanide 
metal. HoWever, such materials do not phosphoresce 
directly from a triplet excited state but instead emit from an 
atomic excited state centered on the lanthanide metal ion. 
The europium diketonate complexes illustrate one group of 
these types of species. 

[0034] Phosphorescence from triplets can be enhanced 
over ?uorescence by con?ning, preferably through bonding, 
the organic molecule in close proximity to an atom of high 
atomic number. This phenomenon, called the heavy atom 
effect, is created by a mechanism knoWn as spin-orbit 
coupling. Such a phosphorescent transition may be observed 
from an excited metal-to-ligand charge transfer (MLCT) 
state of an organometallic molecule such as tris(2-phenylpy 

ridine)iridium(III). 
[0035] FIG. 1 shoWs an organic light emitting device 100. 
The ?gures are not necessarily draWn to scale. Device 100 
may include a substrate 110, an anode 115, a hole injection 
layer 120, a hole transport layer 125, an electron blocking 
layer 130, an emissive layer 135, a hole blocking layer 140, 
an electron transport layer 145, an electron injection layer 
150, a protective layer 155, and a cathode 160. Cathode 160 
is a compound cathode having a ?rst conductive layer 162 
and a second conductive layer 164. Device 100 may be 
fabricated by depositing the layers described, in order. 

[0036] Substrate 110 may be any suitable substrate that 
provides desired structural properties. Substrate 110 may be 
?exible or rigid. Substrate 110 may be transparent, translu 
cent or opaque. Plastic and glass are examples of preferred 
rigid substrate materials. Plastic and metal foils are 
examples of preferred ?exible substrate materials. Substrate 
110 may be a semiconductor material in order to facilitate 
the fabrication of circuitry. For example, substrate 110 may 
be a silicon Wafer upon Which circuits are fabricated, 
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capable of controlling OLEDs subsequently deposited on the 
substrate. Other substrates may be used. The material and 
thickness of substrate 110 may be chosen to obtain desired 
structural and optical properties. 

[0037] Anode 115 may be any suitable anode that is 
suf?ciently conductive to transport holes to the organic 
layers. The material of anode 115 preferably has a Work 
function higher than about 4 eV (a “high Work function 
material”). Preferred anode materials include conductive 
metal oxides, such as indium tin oxide (ITO) and indium 
Zinc oxide (IZO), aluminum Zinc oxide (AlZnO), and met 
als. Anode 115 (and substrate 110) may be suf?ciently 
transparent to create a bottom-emitting device. A preferred 
transparent substrate and anode combination is commer 
cially available ITO (anode) deposited on glass or plastic 
(substrate). A ?exible and transparent substrate-anode com 
bination is disclosed in US. Pat. No. 5,844,363, Which is 
incorporated by reference in its entirety. Anode 115 may be 
opaque and/or re?ective. A re?ective anode 115 may be 
preferred for some top-emitting devices, to increase the 
amount of light emitted from the top of the device. The 
material and thickness of anode 115 may be chosen to obtain 
desired conductive and optical properties. Where anode 115 
is transparent, there may be a range of thickness for a 
particular material that is thick enough to provide the desired 
conductivity, yet thin enough to provide the desired degree 
of transparency. Other anode materials and structures may 
be used. 

[0038] Hole transport layer 125 may include a material 
capable of transporting holes. Hole transport layer 130 may 
be intrinsic (undoped), or doped. Doping may be used to 
enhance conductivity. ot-NPD and TPD are examples of 
intrinsic hole transport layers. An example of a p-doped hole 
transport layer is m-MTDATA doped With F4-TCNQ at a 
molar ratio of 50:1, as disclosed in US. patent application 
Ser. No. 10/173,682 to Forrest et al., Which is incorporated 
by reference in its entirety. Other hole transport layers may 
be used. 

[0039] Emissive layer 135 may include an organic mate 
rial capable of emitting light When a current is passed 
betWeen anode 115 and cathode 160. Preferably, emissive 
layer 135 contains a phosphorescent emissive material, 
although ?uorescent emissive materials may also be used. 
Phosphorescent materials are preferred because of the higher 
luminescent ef?ciencies associated With such materials. 
Emissive layer 135 may also comprise a host material 
capable of transporting electrons and/or holes, doped With 
an emissive material that may trap electrons, holes, and/or 
excitons, such that excitons relax from the emissive material 
via a photoemissive mechanism. Emissive layer 135 may 
comprise a single material that combines transport and 
emissive properties. Whether the emissive material is a 
dopant or a major constituent, emissive layer 135 may 
comprise other materials, such as dopants that tune the 
emission of the emissive material. Emissive layer 135 may 
include a plurality of emissive materials capable of, in 
combination, emitting a desired spectrum of light. Examples 
of phosphorescent emissive materials include Ir(ppy)3. 
Examples of ?uorescent emissive materials include DCM 
and DMQA. Examples of host materials include Alq3, CBP 
and mCP. Examples of emissive and host materials are 
disclosed in US. Pat. No. 6,303,238 to Thompson et al., 
Which is incorporated by reference in its entirety. Emissive 
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material may be included in emissive layer 135 in a number 
of Ways. For example, an emissive small molecule may be 
incorporated into a polymer or dendrimer molecule. Other 
emissive layer materials and structures may be used. 

[0040] Electron transport layer 140 may include a material 
capable of transporting electrons. Electron transport layer 
140 may be intrinsic (undoped), or doped. Doping may be 
used to enhance conductivity. Alq3 is an example of an 
intrinsic electron transport layer. An example of an n-doped 
electron transport layer is BPhen doped With Li at a molar 
ratio of 1:1, as disclosed in US. patent application Ser. No. 
10/173,682 to Forrest et al., Which is incorporated by 
reference in its entirety. Other electron transport layers may 
be used. 

[0041] Cathode 160 may be any suitable material or 
combination of materials knoWn to the art, such that cathode 
160 is capable of conducting electrons and injecting them 
into the organic layers of device 100. Cathode 160 may be 
transparent or opaque, and may be re?ective. Metals and 
metal oxides are examples of suitable cathode materials. 
Cathode 160 may be a single layer, or may have a compound 
structure. FIG. 1 shoWs a compound cathode 160 having a 
thin metal layer 162 and a thicker conductive metal oxide 
layer 164. In a compound cathode, preferred materials for 
the thicker layer 164 include ITO, IZO, and other materials 
knoWn to the art. U.S. Pat. Nos. 5,703,436 and 5,707,745, 
Which are incorporated by reference in their entireties, 
disclose examples of cathodes including compound cath 
odes having a thin layer of metal such as MgzAg With an 
overlying transparent, electrically-conductive, sputter-de 
posited ITO layer. The part of cathode 160 that is in contact 
With the underlying organic layer, Whether it is a single layer 
cathode 160, the thin metal layer 162 of a compound 
cathode, or some other part, is preferably made of a material 
having a Work function loWer than about 4 eV (a “loW Work 
function material”). Other cathode materials and structures 
may be used. 

[0042] Blocking layers may be used to reduce the number 
of charge carriers (electrons or holes) and/or excitons that 
leave the emissive layer. An electron blocking layer 130 may 
be disposed betWeen emissive layer 135 and the hole trans 
port layer 125, to block electrons from leaving emissive 
layer 135 in the direction of hole transport layer 125. 
Similarly, a hole blocking layer 140 may be disposed 
betWeen emissive layer 135 and electron transport layer 145, 
to block holes from leaving emissive layer 135 in the 
direction of electron transport layer 140. Blocking layers 
may also be used to block excitons from diffusing out of the 
emissive layer. The theory and use of blocking layers is 
described in more detail in US. Pat. No. 6,097,147 and US. 
patent application Ser. No. 10/173,682 to Forrest et al., 
Which are incorporated by reference in their entireties. 

[0043] Generally, injection layers are comprised of a 
material that may improve the injection of charge carriers 
from one layer, such as an electrode or an organic layer, into 
an adjacent organic layer. Injection layers may also perform 
a charge transport function. In device 100, hole injection 
layer 120 may be any layer that improves the injection of 
holes from anode 115 into hole transport layer 125. CuPc is 
an example of a material that may be used as a hole injection 
layer from an ITO anode 115, and other anodes. In device 
100, electron injection layer 150 may be any layer that 
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improves the injection of electrons into electron transport 
layer 145. LiF/Al is an example of a material that may be 
used as an electron injection layer into an electron transport 
layer from an adjacent layer. Other materials or combina 
tions of materials may be used for injection layers. Depend 
ing upon the con?guration of a particular device, injection 
layers may be disposed at locations different than those 
shoWn in device 100. More examples of injection layers are 
provided in Us. patent application Ser. No. 09/931,948 to 
Lu et al., Which is incorporated by reference in its entirety. 

[0044] A protective layer may be used to protect under 
lying layers during subsequent fabrication processes. For 
example, the processes used to fabricate metal or metal 
oxide top electrodes may damage organic layers, and a 
protective layer may be used to reduce or eliminate such 
damage. In device 100, protective layer 155 may reduce 
damage to underlying organic layers during the fabrication 
of cathode 160. Preferably, a protective layer has a high 
carrier mobility for the type of carrier that it transports 
(electrons in device 100), such that it does not signi?cantly 
increase the operating voltage of device 100. CuPc, BCP, 
and various metal phthalocyanines are examples of materials 
that may be used in protective layers. Other materials or 
combinations of materials may be used. The thickness of 
protective layer 155 is preferably thick enough that there is 
little or no damage to underlying layers due to fabrication 
processes that occur after organic protective layer 160 is 
deposited, yet not so thick as to signi?cantly increase the 
operating voltage of device 100. Protective layer 155 may be 
doped to increase its conductivity. For example, a CuPc or 
BCP protective layer 160 may be doped With Li. A more 
detailed description of protective layers may be found in 
US. patent application Ser. No. 09/931,948 to Lu et al., 
Which is incorporated by reference in its entirety. 

[0045] FIG. 2 shoWs an inverted OLED 200. The device 
includes a substrate 210, an cathode 215, an emissive layer 
220, a hole transport layer 225, and an anode 230. Device 
200 may be fabricated by depositing the layers described, in 
order. Because the most common OLED con?guration has a 
cathode disposed over the anode, and device 200 has cath 
ode 215 disposed under anode 230, device 200 may be 
referred to as an “inverted” OLED. Materials similar to 
those described With respect to device 100 may be used in 
the corresponding layers of device 200. FIG. 2 provides one 
example of hoW some layers may be omitted from the 
structure of device 100. 

[0046] The simple layered structure illustrated in FIGS. 1 
and 2 is provided by Way of non-limiting example, and it is 
understood that embodiments of the invention may be used 
in connection With a Wide variety of other structures. The 
speci?c materials and structures described are exemplary in 
nature, and other materials and structures may be used. 
Functional OLEDs may be achieved by combining the 
various layers described in different Ways, or layers may be 
omitted entirely, based on design, performance, and cost 
factors. Other layers not speci?cally described may also be 
included. Materials other than those speci?cally described 
may be used. Although many of the examples provided 
herein describe various layers as comprising a single mate 
rial, it is understood that combinations of materials, such as 
a mixture of host and dopant, or more generally a mixture, 
may be used. Also, the layers may have various sublayers. 
The names given to the various layers herein are not 
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intended to be strictly limiting. For example, in device 200, 
hole transport layer 225 transports holes and injects holes 
into emissive layer 220, and may be described as a hole 
transport layer or a hole injection layer. In one embodiment, 
an OLED may be described as having an “organic layer” 
disposed betWeen a cathode and an anode. This organic layer 
may comprise a single layer, or may further comprise 
multiple layers of different organic materials as described, 
for eXample, With respect to FIGS. 1 and 2. 

[0047] Structures and materials not speci?cally described 
may also be used, such as OLEDs comprised of polymeric 
materials (PLEDs) such as disclosed in US. Pat. No. 5,247, 
190, Friend et al., Which is incorporated by reference in its 
entirety. By Way of further eXample, OLEDs having a single 
organic layer may be used. OLEDs may be stacked, for 
eXample as described in US. Pat. No. 5,707,745 to Forrest 
et al, Which is incorporated by reference in its entirety. The 
OLED structure may deviate from the simple layered struc 
ture illustrated in FIGS. 1 and 2. For eXample, the substrate 
may include an angled re?ective surface to improve out 
coupling, such as a mesa structure as described in US. Pat. 
No. 6,091,195 to Forrest et al., and/or a pit structure as 
described in US. Pat. No. 5,834,893 to Bulovic et al., Which 
are incorporated by reference in their entireties. 

[0048] Any of the layers of the various embodiments may 
be deposited by any suitable method. For the organic layers, 
preferred methods include thermal evaporation, ink-jet, such 
as described in US. Pat. Nos. 6,013,982 and 6,087,196, 
Which are incorporated by reference in their entireties, 
organic vapor phase deposition (OVPD), such as described 
in US. Pat. No. 6,337,102 to Forrest et al., Which is 
incorporated by reference in its entirety, and organic vapor 
jet deposition (OVJD), such as described in US. patent 
application Ser. No. 10/233,470, Which is incorporated by 
reference in its entirety. Other suitable deposition methods 
include spin coating and other solution based processes. For 
the other layers, preferred methods include thermal evapo 
ration. Preferred patterning methods include deposition 
through a mask, cold Welding such as described in US. Pat. 
Nos. 6,294,398 and 6,468,819, Which are incorporated by 
reference in their entireties, and patterning associated With 
some of the deposition methods such as ink-jet and OVJD. 
Other methods may also be used. The materials to be 
deposited may be modi?ed to make them compatible With a 
particular deposition method. 
[0049] Devices fabricated in accordance With embodi 
ments of the invention may be incorporated into a Wide 
variety of consumer products, including ?at panel displays, 
computer monitors, televisions, billboards, lights for interior 
or exterior illumination and/or signaling, heads up displays, 
fully transparent displays, ?exible displays, laser printers, 
telephones, cell phones, personal digital assistants (PDAs), 
laptop computers, digital cameras, camcorders, vieW?nders, 
micro-displays, vehicles, a large area Wall, theater or sta 
dium screen, or a sign. Various control mechanisms may be 
used to control devices fabricated in accordance With the 
present invention, including passive matriX and active 
matriX. Many of the devices are intended for use in a 
temperature range comfortable to humans, such as 18 
degrees C. to 30 degrees C., and more preferably at room 
temperature (20-25 degrees C.). 
[0050] The materials and structures described herein may 
have applications in devices other than OLEDs. For 
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eXample, other optoelectronic devices such as organic solar 
cells and organic photodetectors may employ the materials 
and structures. More generally, organic devices, such as 
organic transistors, may employ the materials and structures. 

[0051] “Stability” may be measured in a number of Ways. 
One stability measurement is the operational stability of the 
electroluminescent device. The operational half-life is the 
time required for the luminance of the device to decay from 
the initial luminance (L0) to 50% of its initial luminance 
(L05) under constant current and at room temperature unless 
otherWise noted. The devices of the present invention can 
advantageously have an operational half-life in eXcess of 
about 5000 hours. 

[0052] In an embodiment of the present invention, a 
phosphorescent emissive material having improved effi 
ciency When incorporated into an organic light emitting 
device is provided. The emissive material includes a pho 
toactive ligand having the folloWing structure: 

(11) 

A 
/ N 

R6 

R5 R3 

R4 

[0053] The substituent R5 is an aryl or a heteroaryl group, 
Which are unsubstituted or optionally, substituted With non 
aromatic groups. R5 is preferably substituted or unsubsti 
tuted phenyl, naphthyl or pyridyl. R5 is most preferably 
phenyl. It is believed that an aromatic group at this position 
on the photoactive ligands advantageously provides greater 
efficiency When incorporated into an organic light emitting 
device. Optional substituents on the aryl or heteroaryl group 
include alkyl, alkenyl, halo, CN, CF3, CnF2n+1, tri?uorovi 
nyl, COZR, C(O)R, NR2, NO2, OR, and heterocyclic groups. 

[0054] It has been found that the R5 aryl group, if substi 
tuted, is advantageously not substituted by an aromatic 
group. This alloWs the emissive material comprising a ligand 
of the formula II to be deposited by vacuum deposition 
methods When constructing the light emitting device. 

[0055] The substituents R3, R4 and R6 are independently 
selected from the group consisting of H, alkyl, alkenyl, 
alkynyl, alkylaryl, CN, CF3, CnF2n+1, tri?uorovinyl, COZR, 
C(O)R, NR2, NO2, OR, halo, aryl, heteroaryl, substituted 
aryl, substituted heteroaryl or a heterocyclic group. Addi 
tionally, R4 or R6 may, be combined With a substituent on the 
R5 aromatic ring to form a bridging group that connects the 
tWo rings. Optional bridging groups include —CH2— 
CH2—, —CH=CH—, —CRR—, —NR—, and —O—. 

[0056] Ring A is an aromatic heterocyclic ring or a fused 
aromatic heterocyclic ring With at least one nitrogen atom 
that is coordinated to the metal M, Wherein the ring can be 
optionally substituted. In a preferred embodiment, A is 
pyridine, pyrimidine, quinoline, or isoquinoline. Most pref 
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erable, A is pyridine. Optional substituents on the Ring A 
include alkyl, alkenyl, alkynyl, alkylaryl, halo, CN, CF3, 
CnF2n+1, tri?uorovinyl, COZR, C(O)R, NR2, cyclic-amino, 
NO2, and OR. Additionally, a substituent on ring A and R6 
may be combined to form an ethylene (—CH2—CH2—) or 
a —CH=CH— group that connects the tWo rings. 

[0057] Each R is independently selected from H, alkyl, 
alkylaryl and aryl. 

[0058] The term “halo” or “halogen” as used herein 
includes ?uorine, chlorine, bromine and iodine. 

[0059] The term “alkyl” as used herein contemplates both 
straight and branched chain alkyl radicals. Preferred alkyl 
groups are those containing from one to ?fteen carbon atoms 
and includes methyl, ethyl, propyl, isopropyl, butyl, isobu 
tyl, tert-butyl, and the like. Additionally, the alkyl group may 
be optionally substituted With one or more substituents 

selected from halo, CN, COZR, C(O)R, NR2, cyclic-amino, 
NO2, and OR. 

[0060] The term “cycloalkyl” as used herein contemplates 
cyclic alkyl radicals. Preferred cycloalkyl groups are those 
containing 3 to 7 carbon atoms and includes cyclopropyl, 
cyclopentyl, cycloheXyl, and the like. Additionally, the 
cycloalkyl group may be optionally substituted With one or 
more substituents selected from halo, CN, COZR, C(O)R, 
NR2, cyclic-amino, NO2, and OR. 

[0061] The term “alkenyl” as used herein contemplates 
both straight and branched chain alkene radicals. Preferred 
alkenyl groups are those containing tWo to ?fteen carbon 
atoms. Additionally, the alkenyl group may be optionally 
substituted With one or more substituents selected from halo, 

CN, COZR, C(O)R, NR2, cyclic-amino, NO2, and OR. 

[0062] The term “alkynyl” as used herein contemplates 
both straight and branched chain alkyne radicals. Preferred 
alkyl groups are those containing tWo to ?fteen carbon 
atoms. Additionally, the alkynyl group may be optionally 
substituted With one or more substituents selected from halo, 

CN, COZR, C(O)R, NR2, cyclic-amino, NO2, and OR. 

[0063] The terms “alkylaryl” as used herein contemplates 
an alkyl group Which has as a substituent an aromatic group. 
Additionally, the alkylaryl group may be optionally substi 
tuted on the aryl With one or more substituents selected from 

halo, CN, COZR, C(O)R, NR2, cyclic-amino, NO2, and OR. 

[0064] The term “heterocyclic group” as used herein con 
templates non-aromatic cyclic radicals. Preferred heterocy 
clic groups are those containing 3 or 7 ring atoms Which 
includes at least one hetero atom, and includes cyclic amines 
such as morpholino, piperdino, pyrrolidino, and the like, and 
cyclic ethers, such as tetrahydrofuran, tetrahydropyran, and 
the like. 

[0065] The term “aryl” or “aromatic group” as used herein 
contemplates single-ring aromatic groups and polycyclic 
ring systems. The polycyclic rings may have tWo or more 
rings in Which tWo carbons are common by tWo adjoining 
rings (the rings are “fused”) Wherein at least one of the rings 
is aromatic, e.g., the other rings can be cycloalkyls, 
cycloalkenyls, aryl, heterocycles and/or heteroaryls. 

[0066] The term “heteroaryl” as used herein contemplates 
single-ring hetero-aromatic groups that may include from 
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one to three heteroatoms, for example, pyrrole, furan, 
thiophene, imidaZole, oXaZole, thiaZole, triaZole, pyraZole, 
pyridine, pyraZine and pyrimidine, and the like. The term 
heteroaryl also includes polycyclic hetero-aromatic systems 
having tWo or more rings in Which tWo atoms are common 

to tWo adjoining rings (the rings are “fused”) Wherein at least 
one of the rings is a heteroaryl, e.g., the other rings can be 
cycloalkyls, cycloalkenyls, aryl, heterocycles and/or het 
eroaryls. 

[0067] All value ranges, for eXample those given for n and 
m, are inclusive over the entire range. Thus, for example, a 
range betWeen 0-4 Would include the values 0, 1, 2, 3 and 4. 

[0068] This ligand is referred to as “photoactive” because 
it is believed that it contributes to the photoactive properties 
of the emissive material. The emissive material comprises at 
least one photoactive ligand of the formula II and a heavy 
metal ion such that the resulting material has a carbon 
metal bond and (ii) the nitrogen of ring A is coordinated to 
the metal. Thus the emissive materials of the present inven 
tion comprise a partial structure of formula (III) 

(III) 

R4 

[0069] M may be any metal having an atomic Weight 
greater than 40. Preferred metals include Ir, Pt, Pd, Rh, Re, 
Os, Tl, Pb, Bi, In, Sn, Sb, Te, Au, and Ag. More preferably, 
the metal is Ir or Pt. Most preferably, the metal is Ir. 

[0070] In another embodiment of the invention, the emis 
sive material has the Formula IV: 

(IV) 

[0071] m, the number of photoactive ligands of a particu 
lar type, may be any integer from 1 to the maXimum number 
of ligands that may be attached to the metal. For eXample, 
for Ir, m may be 1, 2 or 3. n, the number of “ancillary” 
ligands of a particular type, may be any integer from Zero to 
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one less than the maximum number if ligands that may be 
attached to the metal. (X-Y) represents an ancillary ligand. 
These ligands are referred to as “ancillary” because it is 
believed that they may modify the photoactive properties of 
the molecule, as opposed to directly contributing to the 
photoactive properties. The de?nitions of photoactive and 
ancillary are intended as non-limiting theories. For example, 
for Ir, n may be 0, 1 or 2 for bidentate ligands. Ancillary 
ligands for use in the emissive material may be selected from 
those knoWn in the art. Non-limiting eXamples of ancillary 
ligands may be found in PCT Application Publication WO 
02/15645 A1 to Lamansky et al. at pages 89-90, Which is 
incorporated herein by reference. Preferred ancillary ligands 
include acetylacetonate (acac) and picolinate (pic), and 
derivatives thereof. The preferred ancillary ligands have the 
folloWing structures: 

(Pic) 

[0072] In a preferred embodiment, the ring A of the 
photoactive ligand is pyridine, giving a ligand of the formula 
Ha: 

(Ha) 
\ 

/ N 

R6 

R5 R3 

R4 

[0073] and a partial structure for the emissive material of 
the formula I118: 

(I113) 
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[0074] The emissive material of this embodiment has the 
folloWing structure of Formula IVa: 

[0075] 
may be optionally substituted. 

In the structures IIa, IIIa and IV,, the pyridine ring 

[0076] 
R5 of the photoactive ligand is phenyl, giving a ligand of the 

In another preferred embodiment, the substituent 

formula IIb: 

(Hb) 

[0077] and a partial structure for the emissive material of 

the formula IIIb: 

(no 
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[0078] The emissive material of this embodiment has the 
following structure of formula IVb: 

(IVb) 

Y 

[0079] In the structures IIb, IIIb and IVb, the phenyl 
substitutent may be optionally substituted. 

[0080] In another preferred embodiment, n is Zero, and m 
is the maXimum number of ligands that may be attached to 
the metal. 

(V) 

[0081] For example, for Ir, m is three in this preferred 
embodiment, and the structure may be referred to as a “tris” 
structure. The tris structure is preferred because it is believed 
to be particularly stable. 

[0082] In one embodiment, m+n is equal to the total 
number of bidentate ligands that may be attached to the 
metal in question—for eXample, 3 for Ir. In another embodi 
ment, m+n may be less than the maXimum number of 
bidentate ligands that may be attached to the metal, in Which 
case other ligands—ancillary, photoactive, or otherWise— 
may also be attached to the metal. Preferably, if there are 
different photoactive ligands attached to the metal, each 
photoactive ligand has the structure indicated in Formula II. 

[0083] In another embodiment of the present invention, M 
is Ir and m is 3, giving an emissive material of the formula 
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(VI) 

[0084] In a most preferred embodiment, referred to herein 
as “Compound 1”, M is Ir, R5 is phenyl, R3=R4=R=H and 
ringAis pyridine. The emissive material of this embodiment 
has the folloWing structure of Formula VII: 

(v11) 

[0085] The devices of the present invention shoW an 
improvement over those in the prior art utiliZing, for 
eXample, Ir(ppy)3. For eXample, luminescent efficiency of 
devices made according to the present invention shoW about 
8% increase in efficiency over Ir(ppy)3 devices, While main 
taining equivalent or longer operational lifetimes. 

[0086] It is understood that the various embodiments 
described herein are by Way of eXample only, and are not 
intended to limit the scope of the invention. For eXample, 
many of the materials and structures described herein may 
be substituted With other materials and structures Without 
deviating from the spirit of the invention. It is understood 
that various theories as to Why the invention Works are not 
intended to be limiting. For eXample, theories relating to 
charge transfer are not intended to be limiting. 

[0087] Material De?nitions: 

[0088] As used herein, abbreviations refer to materials as 
folloWs: 

CBP: 4,4'-N,N'—dicarbazole—biphenyl 
m-MTDATA 4,4',4"—tris(3—methylphenylphenlyamino)triphenylamine 
Alq3: 8-tris-hydroxyquinoline aluminum 
BPhen: 4,7-diphenyl-1,10-phenanthroline 
n-BPhen: n-doped BPhen (doped With lithium) 
F4—TCNQ: tetrafluoro—tetracyano—quinodimethane 
p-MTDATA: p-doped m-MTDATA (doped With F4-TCNQ) 
Ir(ppy)3: tris(2-phenylpyridine)—iridium 
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-continued 

Ir(ppZ)3: tris(1-phenylpyrazoloto,N,C(2')iridium(III) 
BCP: 2,9—dimethyl—4,7—diphenyl—1,10-phenanthroline 
TAZ: 3-phenyl-4-(1'—naphthyl)—5—phenyl—1,2,4-triazole 
CuPc: copper phthalocyanine. 
ITO: indium tin oxide 

NPD: naphthyl-phenyl-diamine 

BAlq: aluminum(III)bis(2-methyl-8-quinolinato)4—phenylpheno— 
late 

mCP: 1,3-dicarbazole-benzene 
DCM: 4—(dicyanomethylene)—6-(4-dimethylaminostyryl-Z 

methyl)—4H-pyran 
DMQA: N,N'—dimethylquinacridone 

EXAMPLES 

[0089] Speci?c representative embodiments of the inven 
tion Will noW be described, including hoW such embodi 
ments may be made. It is understood that the speci?c 

methods, materials, conditions, process parameters, appara 
tus and the like do not necessarily limit the scope of the 
invention. 

Example 1 

[0090] Synthesis of Tris(2-[3-biphenyl]pyridine) Iridium 
(III) (Compound 1) 

[0091] Step 1 

Br 

[0092] 3-Bromobiphenyl (3.0 g, 12.9 mmol) 2-tributyl 
stannylpyridine (5.92 g, 16.1 mmol) and dichlorobis(triph 
enylphosphine) palladium (II) (0.45 g) Were re?uxed in 75 
mL of o-xylene under a stream of N2 gas for 20 hours. The 
crude material Was then puri?ed on silica gel using 20% 
EtOAc/Hexanes. The pure fractions Were evaporated of 
solvent to give 2-(3-biphenyl)pyridine (2.90 g, 97.6% yield) 
as a yelloW oil. 
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[0093] 

Ir(acac)3 

[0094] 2-(3-Biphenyl)pyridine (2.90 g, 13.5 mmol) and 
iridium (III) acetylacetonate (1.24 g, 2.51 mmol) Were 
re?uxed in 50 mL glycerol under a stream of N2 gas for 48 
hours. The mixture Was then cooled, enriched With MeCl2 
and extracted tWice from brine. The organic layer Was dried 
over anhydrous MgSO4, ?ltered and dried on silica. The 
silica layer Was then added to a silica gel column that Was 
prepared With 40% EtOAc/Hexanes. Impurities Were 
removed by elution With 40% EtOAc/Hexanes. After all 
impurities Were removed, the column Was ?ushed With 
MeCl2 to obtain the desired product. Evaporation of solvent 
afforded 1.80 g solid (81.8% yield). Further puri?cation Was 
achieved by dissolving the solid in a minimal amount of 
MeCl2 and recrystalliZing from Toluene. 1.0 g of this mate 
rial Was successfully sublimed to give tris(2-[3-biphenyl] 
pyridine) Iridium (III) (0.43 g). 

Example 2 

[0095] Experimental Device Fabrication 

[0096] The starting substrates Were glass substrates coated 
With ITO of 130-150 nm thickness and sheet resistance <20 
Q/square, purchased from Applied Films Corporation of 
Longmont, Colo. The substrates Were degreased With sol 
vents and cleaned With oxygen plasma and UV oZone 
treatments. All subsequent thin ?lms Were deposited by 
thermal evaporation at a pressure of <1><10_6 Torr. First 
CuPc Was deposited as a hole injection layer on the anode to 

a thickness of 10 nm at a rate of 0.3 A/s. Next, NPD Was 

deposited as a hole transport layer to a thickness of 30 nm 

at a rate of 1.5 A/s. Next, CBP and an emitting material, such 
as Compound 1 or Ir(Ppy)3, Were co-evaporated from dif 
ferent sources to form a light emitting layer of 30 nm 
thickness. CBP Was deposited at a rate of 1.6 A/s, and the 
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emissive dopant Was incorporated at a concentration of 4.5 
Wt %. Next, on the light emitting layer, BAlq Was deposited 
as a hole blocking layer to a thickness of 10 nm at a rate of 

1.0 A/s. Next, on the hole blocking layer, Alq3 Was deposited 
as an electron transporting layer to a thickness of 30 nm at 

a rate of 1.0 A/s. Next, on the electron transport layer, 
lithium ?uoride (LiF) Was deposited as an electron injecting 
layer at a thickness of 0.5 nm at a rate of 0.5 A/s. Lastly, 
aluminum Was deposited on the electron injecting layer 
at a thickness of 100 nm at a rate of 2 A/s to complete the 

organic light emitting device. 

[0097] The devices Were characteriZed by measuring cur 
rent-voltage and luminance characteristics, as Well as spec 
tral output characteristics. The external quantum ef?ciency 
Was determined as a function of current density. Device 

stability Was characteriZed by measuring the device lumi 
nance as a function of time under constant current drive. 

Stability Was measured at an initial luminance of 600 cd/m2, 
or 3.3><1018 photos/SR.m2.s. 

[0098] FIG. 3 shoWs the normaliZed spectra of a Com 
pound 1 device and an Ir(ppy)3 device. The CIE of the 
disclosed compound is (0.305, 0.640) at 10 mA/cm2, com 
pared to Ir(ppy)3 CIE coordinates of (0.30, 0.63). 

[0099] FIG. 4 shoWs the external quantum efficiency of a 
device using Compound 1 as a dopant at 4.5 Wt % compared 
With a device using Ir(ppy)3 as a dopant at 4.5 Wt %. Without 
being limited by a theory, it is believed that incorporating an 
aromatic group at the R5 position increases the J's-conjuga 
tion of the material. In 1-conjugated organic materials, 
increased J's-conjugation is generally accompanied by an 
enhancement in the PL ef?ciency and a slight bathochromic 
shift (red shift) of the emission. The increase in PL ef?ciency 
may translate in an increase in the EL efficiency in an 
electroluminescent device. Compound 1 has a phenyl sub 
stituent in the R5 position. This extends the 1-conjugation 
over the Ir(ppy)3 molecule Which is unsubstituted. The 
electroluminescence of the Compound 1 device is indeed 
slightly red-shifted, With an emission maximum of 519 nm 
compared to 514 nm of Ir(ppy)3 device. The compound 1 
device also demonstrates a higher external quantum effi 
ciency (EQE), With a maximum of 7.0% EQE compared to 
6.5% EQE of the Ir(ppy)3 device. 

[0100] FIG. 5 shoWs the operational stability of the 
devices using Compound 1 and Ir(ppy)3 as the emitting 
materials to 100 hours under constant current drive. The 
improved stability of the Compound 1 device can be seen. 
After 100 hours of continuous operation under constant 
current drive at an initial luminance of 600 cd/m2 or 3.3>< 

1018 photon/sr.m2.s at room temperature, the luminance is 
retained at 99% and 97% for the Compound 1 and Ir(ppy)3 
devices respectively. This seemingly small increase at this 
early time of operation can result in a large increase in 
half-life. 

[0101] While the present invention is described With 
respect to particular examples and preferred embodiments, it 
is understood that the present invention is not limited to 
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these examples and embodiments. The present invention as 
claimed therefore includes variations from the particular 
examples and preferred embodiments described herein, as 
Will be apparent to one of skill in the art. 

What is claimed is: 

1. An emissive material having the structure:: 

Wherein M is a metal having an atomic Weight greater than 

40; 

R5 is a substituent selected from the group consisting of 
aryl and heteroaryl, Wherein said aryl or heteroaryl is 
unsubstituted or optionally, substituted With non-aro 
matic groups; 

R3 is a substituent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, CnF2n+1, 
tri?uorovinyl, CO2R, C(O)R, NR2, NO2, OR, halo, 
aryl, heteroaryl, substituted aryl, substituted heteroaryl 
or a heterocyclic group; 

R4 is a substitutent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, CnF2n+1, 
tri?uorovinyl, CO2R, C(O)R, NR2, NO2, OR, halo, 
aryl, heteroaryl, substituted aryl, substituted heteroaryl 
or a heterocyclic group; 

R6 is a substitutent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, CnF2n+1, 
tri?uorovinyl, CO2R, C(O)R, NR2, NO2, OR, halo, 
aryl, heteroaryl, substituted aryl, substituted heteroaryl 
or a heterocyclic group; 

each R is independently selected from the group consist 
ing of H, alkyl, alkylaryl and aryl; 

ring A is an aromatic heterocyclic or a fused aromatic 
heterocyclic ring With at least one nitrogen atom that is 
coordinated to the metal M, Wherein the ring can be 
optionally substituted; 

(X-Y) is an ancillary ligand; 

m is a value from 1 to the maximum number of ligands 
that may be attached to the metal; 

and m+n<the maximum number of ligands that may be 
attached to the metal. 

2. The emissive material of claim 1, Wherein the emissive 
material has the structure: 



US 2004/0086743 A1 

3. The emissive material of claim 2, wherein n is Zero and 
m is the maximum number of ligands that may be attached 
to the metal M. 

4. The emissive material of claim 2, Wherein M is selected 
from the group consisting of Ir, Pt, Pd, Rh, Re, Ru, Os, Tl, 
Pb, Bi, In, Sn, Sb, Te, Au, and Ag. 

5. The emissive material of claim 4, Wherein M is Ir. 

6. The emissive material of claim 4, Wherein M is Pt. 

7. The emissive material of claim 5, Wherein n is Zero. 

8. The emissive material of claim 5, Wherein R5 is 
substituted or unsubstituted phenyl, naphthyl or pyridyl. 

9. The emissive material of claim 8, Wherein R5 is phenyl. 

10. The emissive material of claim 9, Wherein m is 3 and 
n is Zero. 

11. The emissive material of claim 1, Wherein the material 
is incorporated into a polymer. 

12. The emissive material of claim 1, Wherein the material 
is incorporated into a dendrimer. 

13. The emissive material of claim 1, Wherein the emis 
sive material has the structure: 

14. The emissive material of claim 13, Wherein R5 is 
substituted or unsubstituted phenyl, naphthyl or pyridyl. 

15. The emissive material of claim 14, Wherein R5 is 
phenyl. 

16. An emissive material comprising a ligand having the 
structure: 
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Wherein the ligand is attached to a metal having an atomic 
Weight greater than 40; 

R5 is a substituent selected from the group consisting of 
aryl and heteroaryl, Wherein said aryl or heteroaryl is 
unsubstituted or optionally, substituted With non-aro 
matic groups; 

R3 is a substituent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, CnF2n+1, 
tri?uorovinyl, COZR, C(O)R, NR2, NO2, OR, halo, 
aryl, heteroaryl, substituted aryl, substituted heteroaryl 
or a heterocyclic group; 

R4 is a substitutent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, CnF2n+1, 
tri?uorovinyl, COZR, C(O)R, NR2, NO2, OR, halo, 
aryl, heteroaryl, substituted aryl, substituted heteroaryl 
or a heterocyclic group; 

R6 is a substitutent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, CnF2n+1, 
tri?uorovinyl, COZR, C(O)R, NR2, NO2, OR, halo, 
aryl, heteroaryl, substituted aryl, substituted heteroaryl 
or a heterocyclic group; 

each R is independently selected from the group consist 
ing of H, alkyl, alkylaryl and aryl; 

ring A is an aromatic heterocyclic or a fused aromatic 
heterocyclic ring With at least one nitrogen atom that is 
coordinated to the metal M, Wherein the ring can be 
optionally substituted. 

17. The emissive material of claim 16, Wherein R5 is 
substituted or unsubstituted phenyl, naphthyl or pyridyl. 

18. The emissive material of claim 17, Wherein R5 is 
phenyl. 

19. The emissive material of claim 16, Wherein the ligand 
has the structure 
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20. An organic light emitting device, comprising: 

(a) an anode; 

(b) a cathode; and 

(c) an emissive layer disposed betWeen the anode and the 
cathode, the emissive layer further comprising an emis 
sive material having the structure: 

22. The device of claim 21, Wherein R5 is a substituted or 
unsubstituted phenyl, naphthyl or pyridyl. 

23. The device of claim 22, Wherein R5 is a phenyl group. 
24. The device of claim 23, Wherein m is 3 and n is Zero. 

25. The device of claim 21, Wherein the emissive material 
has the structure: 

Wherein M is a metal having an atomic Weight greater 
than 40; 

R5 is a substituent selected from the group consisting of 
aryl and heteroaryl, Wherein said aryl or heteroaryl is 
unsubstituted or optionally, substituted With non 
aromatic groups; 

R3 is a substituent selected from the group consisting of 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, 
CUFZHH, tri?uorovinyl, COZR, C(O)R, NR2, NO2, 
OR, halo, aryl, heteroaryl, substituted aryl, substi 
tuted heteroaryl or a heterocyclic group; 

26. The device of claim 21, Wherein the device has an 
operational half-life of at least about 1000 hours at an initial 
photon ?ux of at least about 1018 photons/SR.m2.s. 

27. An organic light emitting device, comprising: 

R4 is a substitutent selected from the group consisting 
of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, 
CnF2n+1, tri?uorovinyl, COZR, C(O)R, NR2, NO2, 
OR, halo, aryl, heteroaryl, substituted aryl, substi 
tuted heteroaryl or a heterocyclic group; (a) an anode; 

R6 is a substitutent selected from the group consisting (b) a Cathode; and 
of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, _ _ _ 
C F2 1 tri?uorovinyl COZR C(O)R NR2 N02 (c) an emissive layer disposed betWeen the anode and the 

cathode, the emissive layer further comprising an emis 
sive material, Wherein the emissive material comprises 
a ligand having the structure: 

OR, halo, aryl, heteroaryl, substituted aryl, substi 
tuted heteroaryl or a heterocyclic group; 

each R is independently selected from the group con 
sisting of H, alkyl, alkylaryl and aryl; 

ring A is an aromatic heterocyclic or a fused aromatic 
heterocyclic ring With at least one nitrogen atom that 
is coordinated to the metal M, Wherein the ring can 
be optionally substituted; 

(X-Y) is an ancillary ligand; 

m is a value from 1 to the maximum number of ligands 
that may be attached to the metal; 

and m+n< the maXimum number of ligands that may be 

attached to the metal Wherein the ligand is attached to a metal having an 
21. The device of claim 20, Wherein the emissive material atomic Weight greater than 40 R5 is a substituent 

has the structure: selected from the group consisting of aryl and het 
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eroaryl, wherein said aryl or heteroaryl is unsubstituted is coordinated to the metal M, Wherein the ring can 
or optionally, substituted With non-arornatic groups; be optionally substituted. 

R3 is a substituent selected from the group consisting of 28' The devlce of Chum 27’ Wherem the hgand has the 
H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, Structure: 
CnF2n+1, tri?uorovinyl, COZR, C(O)R, NR2, NO2, 
OR, halo, aryl, heteroaryl, substituted aryl, substi 
tuted heteroaryl or a heterocyclic group; 

R4 is a substitutent selected from the group consisting 
of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, 
CnF2+1, tri?uorovinyl, COZR, C(O)R, NR2, NO2, 
OR, halo, aryl, heteroaryl, substituted aryl, substi 
tuted heteroaryl or a heterocyclic group; 

R6 is a substitutent selected from the group consisting 
of H, alkyl, alkenyl, alkynyl, alkylaryl, CN, CF3, 
CnF2n+1, tri?uorovinyl, COZR, C(O)R, NR2, NO2, R4 
OR, halo, aryl, heteroaryl, substituted aryl, substi 
tuted heteroaryl or a heterocyclic group; 

29. The device of claim 28, Wherein R5 is a R5 is 
each R is independently Selected frOIIl the group COH- substituted or unsubstituted phenyl, naphthyl, or pyridyl. 

sisting of H alkyL alkylaryl and aryl; 30. The device of claim 29, Wherein R5 is a phenyl group. 

ring A is an aromatic heterocyclic or a fused arornatic 
heterocyclic ring With at least one nitrogen atom that * * * * * 


