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(57) ABSTRACT 

In a luminescence device formed of one or plural layers of 
organic ?lm between a cathode and an anode, at least one 
layer is a luminescence layer, and a luminescence molecule 
of a metal coordination compound having a basic structure 
represented by formula (1) MLmL'n and having a substituent 
on at least one of cyclic groups incorporated as a guest in a 
host material at a concentration of at least 8 Wt. %, Which is 
higher than a concentration at Which a luminescence mol 
ecule of a similar structure but having no substituent exhibits 
a maximum luminescence ef?ciency to form the lumines 
cence layer. As a result, a high-e?iciency luminescence 
device is provided, Which is less liable to cause concentra 
tion extinction even When a luminescence molecule is 
contained at a high concentration relative to the host mate 
rial in the luminescence layer. 
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LUMINESCENCE DEVICE AND DISPLAY 
APPARATUS 

[0001] This application is a division of application Ser. 
No. 11/126,203, ?led May 11, 2005, Which is a division of 
application Ser. No. 10/073,011, ?led Feb. 12, 2002, noW 
U.S. Pat. No. 6,953,628, Which is a continuation of Inter 
national Application No. PCT/JP01/ 10477, ?led Nov. 30, 
2001. All prior applications are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates to an organic ?lm 
luminescence device for use in a planar light source, a planar 
display, etc. 

[0004] The present invention relates to a luminescence 
device using an organic compound, more particularly to a 
high-ef?ciency luminescence device containing in its lumi 
nescence layer a luminescence material comprising a metal 
coordination compound less liable to cause concentration 
extinction even When used at a high concentration. 

[0005] 2. BackgroundArt 

[0006] An old example of organic luminescence device is, 
e.g., one using luminescence of a vacuum-deposited 
anthracene ?lm (Thin Solid Films, 94 (1982) 171). In recent 
years, hoWever, in vieW of the advantages, such as easiness 
of providing a large-area device compared With an inorganic 
luminescence device and a possibility of obtaining desired 
luminescence colors in vieW of the development of various 
neW materials and drivability at loW voltages, an extensive 
study related to forming a luminescence device of a high 
speed responsiveness and a high ef?ciency has been con 
ducted. 

[0007] As described in detail in, e.g., Macromol. Symp. 
125, 1-48 (1997), an organic EL device generally has a 
structure comprising upper and loWer electrodes and a 
plurality of organic ?lm layers betWeen the electrodes 
formed on a transparent substrate. Basic structures thereof 
are shoWn in FIGS. 1(a) and (b). 

[0008] As shoWn in FIG. 1, an organic EL device gener 
ally has a structure comprising a transparent electrode 14, a 
metal electrode 11, and a plurality of organic ?lm layers 
therebetWeen on a transparent substrate 15. 

[0009] In the device of FIG. 1(a), the organic layers 
comprise a luminescence layer 12 and a hole-transporting 
layer 13. For the transparent electrode 14, ITO, etc., having 
a large Work function are used, for providing a good 
hole-injection characteristic from the transparent electrode 
14 to the hole-transporting layer 13. For the metal electrode 
11, a metal, such as aluminum, magnesium or an alloy of 
these, having a small Work function is used for providing a 
good electron-injection characteristic. These electrodes have 
a thickness of 50-200 nm. 

[0010] For the luminescence layer 12, aluminum 
quinolynol complexes (a representative example thereof is 
Alq3 shoWn hereinafter), etc., having an electron-transport 
ing characteristic and luminescence characteristic are used. 
For the hole-transporting layer, biphenyldiamine derivatives 
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(a representative example thereof is ot-NPD shoWn herein 
after), etc., having an electron-donative characteristic are 
used. 

[0011] The above-structured device has a rectifying char 
acteristic, and When an electric ?eld is applied betWeen the 
metal electrode 11 as a cathode and the transparent electrode 
14 as an anode, electrons are injected from the metal 
electrode 11 into the luminescence layer 12 and holes are 
injected from the transparent electrode 15. The injected 
holes and electrons are recombined Within the luminescence 
layer 12 to form excitons and cause luminescence. At this 
time, the hole-transporting layer 13 functions as an electron 
blocking layer to increase the recombination ef?ciency at a 
boundary betWeen the luminescence layer 12 and hole 
transporting layer 13, thereby increasing the luminescence 
ef?ciency. 
[0012] Further, in the structure of FIG. 1(b), an electron 
transporting layer 16 is disposed betWeen the metal elec 
trode 11 and the luminescence layer 12. By separating the 
luminescence and the electron and hole-transportation to 
provide a more effective carrier blocking structure, effective 
luminescence can be performed. For the electron-transport 
ing layer 16, an electron-transporting material, such as an 
oxadiaZole derivative, is used. 

[0013] Known luminescence processes used heretofore in 
organic EL devices include utiliZing an excited singlet state 
and utiliZing an excited triplet state, and the transition from 
the former state to the ground state is called “?uorescence” 
and the transition from the latter state to the ground state is 
called “phosphorescence”. And the substances in these 
excited states are called a singlet exciton and a triplet 
exciton, respectively. 
[0014] In most of the organic luminescence devices stud 
ied heretofore, ?uorescence caused by the transition from 
the excited singlet state to the ground state has been utiliZed. 
On the other hand, in recent years, devices utiliZing phos 
phorescence via triplet excitons have been studied. 

[0015] Representative published literature may include: 

[0016] Article 1: Improved energy transfer in electrophos 
phorescent device (D. F. O’Brien, et al., Applied Physics 
Letters, Vol. 74, No. 3, p. 422 (1999)); and 

[0017] Article 2: Very high-ef?ciency green organic light 
emitting devices based on electrophosphorescence (M. A. 
Baldo, et al., Applied Physics Letters, Vol. 75, No. 1, p. 4 
(1999)). 
[0018] In these articles, a structure including 4 organic 
layers devices as shoWn in FIG. 1(c) has been principally 
used, including, from the anode side, a hole-transporting 
layer 13, a luminescence layer 12, an exciton diffusion 
prevention layer 17 and an electron-transporting layer 11. 
Materials used therein include carrier-transporting materials 
and phosphorescent materials, of Which the names and 
structures are shoWn beloW together With their abbrevia 
tions. 

[0019] Alq3: aluminum quinolinol complex 

[0020] ot-NPD: N4,N4'-di-naphthalene-1-yl-N4,N4' 
diphenyl-biphenyl-4'4-diamine 

[0021] CBP: 2,9-dimethyl.-4,7-dipheny 1,-1,10-phenan 
throline 
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[0022] PtOEP: platinum-octaethylporphyrin complex 

[0023] -lr(ppy)3: iridium-phenylpyridine complex. 

,2 
O 

BCP 

hwy); 

[0024] The above-mentioned Articles 1 and 2 both have 
reported structures as exhibiting a high ef?ciency, including 
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a hole-transporting layer 13 comprising ot-NPD, an electron 
transporting layer 16 comprising Alq3, an exciton diffusion 
preventing layer 17 comprising BCP, and a luminescence 
layer 12 comprising CBP as a host and ca. 6% of platinum 
octaethylporphyrin complex (PtOEP) or iridium-phenylpy 
ridine complex (lr(ppy)3) as a phosphorescent material 
dispersed in mixture therein. 

[0025] Such a phosphorescent material is particularly 
noted at present because it is expected to provide a high 
luminescence ef?ciency in principle for the folloWing rea 
sons. More speci?cally, excitons formed by a carrier recom 
bination comprise singlet excitons and triplet excitons in a 
probability ratio of 1:3. Conventional organic EL devices 
have utiliZed ?uorescence of Which the luminescence effi 
ciency is limited to at most 25%. On the other hand if 
phosphorescence generated from triplet excitons is utiliZed, 
an ef?ciency of at least three times is expected, and even an 
ef?ciency of 100%, i.e., four times, can be expected in 
principle, if a transition oWing to the intersystem crossing 
from a singlet state having a higher energy to a triplet state 
is taken into account. 

[0026] HoWever, like a ?uorescent-type device, such an 
organic luminescence device utiliZing phosphorescence is 
generally required to be further improved regarding the 
deterioration of luminescence ef?ciency and device stability. 

[0027] The reason for the deterioration has not been fully 
clari?ed, but the present inventors consider it to be as 
follows based on the mechanism of phosphorescence. 

[0028] In the case Where the luminescence layer comprises 
a host material having a carrier-transporting function and a 
phosphorescent guest material, a process of phosphores 
cence via triplet excitons may include unit processes as 
folloWs: 

[0029] 1. transportation of electrons and holes Within a 
luminescence layer, 

[0030] 2. formation of host excitons, 

[0031] 3. excitation energy transfer betWeen host mol 
ecules, 
[0032] 4. excitation energy transfer from the host to the 
guest, 

[0033] 5. formation of guest triplet excitons, and 

[0034] 6. transition of the guest triplet excitons to the 
ground state and phosphorescence. 

[0035] Desirable energy transfer in each unit process and 
luminescence are caused in competition With various energy 
deactivation processes. 

[0036] Particularly, in a phosphorescent material, this may 
be attributable to a life of the triplet excitons, Which is longer 
by three or more digits than the life of a singlet exciton. 
More speci?cally, because it is held in a high-energy excited 
state for a longer period, it is liable to react With surrounding 
materials and cause polymer formation among the excitons, 
thus incurring a higher probability of a deactivation process 
resulting in a material change or life deterioration, as We 
have considered. 

[0037] Needless to say, a luminescence efficiency of an 
organic luminescence device is increased by increasing the 
luminescence quantum yield of a luminescence center mate 
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rial, but it is also an important factor for enhancing the 
luminescence intensity of the device to increase the concen 
tration of a luminescence material in the luminescence layer. 

[0038] The luminescence intensity is increased in propor 
tion to the concentration of a luminescence material in a 
luminescence layer in the case of a loW concentration (up to 
several Wt. %) of the luminescence material in the lumines 
cence layer. However, above several % or 7%, a deviation 
from the proportional relationship is observed, and the 
luminescence intensity is rather loWered to result in a Worse 
ef?ciency. This phenomenon is reported in Japanese Laid 
Open Patent Application (JP-A) 05-078655, JP-A 
05-320633, etc., and is knoWn as concentration extinction or 
concentration deactivation. 

[0039] Actually, in the case of using Ir(ppy)3 in CBP as the 
host material, the best luminescence ef?ciency is attained at 
a concentration of ca. 6-7%, and the luminescence ef?ciency 
is rather loWered thereabove, doWn to about a half at 12% 
concentration and 1/10 or beloW at 100% concentration 
(Applied Physics Letters 4, vol. 75, 1999). 

[0040] The phenomenon is caused by abundant presence 
of molecules in the triplet excited state Waiting for lumi 
nescence in the case of a phosphorescence substance having 
a life of triplet exciton longer by 3 digits or more than the 
life of the singlet exciton. In this state, thermal deactivation 
of losing energy due to a mutual interaction of triplet 
excitons is liable to occur. This is called triplet-triplet 
extinction and is associated With a lowering in luminescence 
ef?ciency at a high current density. Further, it is also 
considered that due to a long retention time at a high energy 
state, the excitons have an increased probability of reacting 
With a surrounding material and forming polymers of exci 
tons, thereby causing deactivation, or even leading to a 
material change or a deterioration of useful life. 

DISCLOSURE OF INVENTION 

[0041] An object of the present invention is to provide an 
organic luminescence device of a higher luminescence 
intensity by suppressing the above-mentioned concentration 
extinction phenomenon and providing an environment of 
using a luminescence material at a higher concentration. 

[0042] More speci?cally, an object of the present inven 
tion is to provide a luminescence material less liable to lead 
to concentration extinction even When used at a high con 
centration With respect to the host material in a lumines 
cence layer by introducing a substituent group into a metal 
coordination compound as such a luminescence material. 

[0043] Amore speci?c object of the present invention is to 
provide an organic luminescence device capable of a large 
luminescence intensity, that is an organic luminescence 
device, comprising: a pair of electrodes each disposed on a 
substrate, and at least one luminescence layer comprising an 
organic compound disposed betWeen the electrodes; 
Wherein the luminescence layer comprises a non-lumines 
cent ?rst organic compound and a phosphorescent second 
organic compound represented by formula (1') shoWn beloW, 
and the second organic compound is present at a concen 
tration of at least 8 Wt. % in the luminescence layer: 

MLmL'n (1), 

Wherein M is a metal atom of Ir, Pt, Rh or Pd; L and L' are 
mutually different bidentate ligands; In is 1, 2 or 3; n is 0, 1 
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or 2 With the proviso that m+n is 2 or 3; a partial structure 
MLm is represented by formula (2) shoWn beloW and a 
partial structure ML'n is represented by formula (3), (4) or 
(5) shoWn below: 

(2) 

(3) 

(4) 

n 

(5) 

Wherein N and C are nitrogen and carbon atoms, respec 
tively; A and A' are respectively a cyclic group capable of 
having a substituent and bonded to the metal atom M via the 
carbon atom; B, B' and B" are respectively a cyclic group 
represented by a formula of (6)-(14) shoWn beloW capable of 
having a substituent and connected to the metal atom M via 
the nitrogen atom: 
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[0044] According to another aspect, the organic lumines 
cence device of the present invention is a luminescence 
device comprising at least one layer of organic ?lm disposed 
betWeen a cathode and an anode and including at least one 
luminescence layer, that is characterized by containing a 
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luminescence molecule of the formula (1) having a substitu 
ent and shoWing a maximum luminescence characteristic at 
a concentration higher than a concentration at Which a 
luminescence molecule of a similar structure but having no 
substituent shoWs a maximum luminescence ef?ciency. 

[0045] More speci?cally, in a luminescence device com 
prising at least one organic ?lm layer betWeen a cathode and 
an anode, including at least one luminescence layer, it is 
preferred that a luminescence molecule of the formula (1) 
including at least one cyclic group having a substituent is 
contained at a concentration higher than a concentration at 
Which a luminescence molecule of a similar structure shoWs 
a maximum luminescence ef?ciency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 illustrates embodiments of the lumines 
cence device according to the present invention. 

[0047] FIG. 2 illustrates a simple matrix-type organic EL 
device according to Example 28. 

[0048] 
[0049] FIG. 4 schematically illustrates a panel structure 
including an EL device and drive means. 

[0050] 
[0051] FIG. 6 is a schematic vieW shoWing an example of 
sectional structure of a TFT substrate. 

FIG. 3 illustrates drive signals used in Example 28. 

FIG. 5 illustrates an example of pixel circuit. 

BEST MODE FOR PRACTICING THE 
INVENTION 

[0052] Basic device structures according to the present 
invention are similar to those shoWn in FIGS. 1(a), (b) and 
(C) 
[0053] More speci?cally, as shoWn in FIG. 1, an organic 
luminescence device generally comprises, on a transparent 
electrode 15, a 50 to 200 nm-thick transparent electrode 14, 
a plurality of organic ?lm layers and a 10 to 500 nm-thick 
metal electrode 11 formed so as to sandWich the organic 
layers. 
[0054] FIG. 1(a) shoWs an embodiment Wherein the 
organic luminescence device comprises a luminescence 
layer 12 and a hole-transporting layer 13. The transparent 
electrode 14 may comprise ITO, etc., having a large Work 
function so as to facilitate hole injection from the transparent 
electrode 14 to the hole-transporting layer 13. The metal 
electrode 11 comprises a metal material having a small Work 
function, such as aluminum, magnesium or alloys of these 
elements, so as to facilitate electron injection into the 
organic luminescence device. 

[0055] The luminescence layer 12 comprises a compound 
according to the present invention. The hole-transporting 
layer 13 may comprise, e.g., a triphenyldiamine derivative, 
as represented by ot-NPD mentioned above, and also a 
material having an electron-donative property as desired. 

[0056] A device organiZed above exhibits a current-recti 
fying characteristic, and When an electric ?eld is applied 
betWeen the metal electrode 11 as a cathode and the trans 
parent electrode 14 as an anode, electrons are injected from 
the metal electrode 11 into the luminescence layer 12, and 
holes are injected from the transparent electrode 15. The 
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injected holes and electrons are recombined in the lumines 
cence layer 12 to form excitons, Which cause luminescence. 
In this instance, the hole-transporting layer 13 functions as 
an electron-blocking layer to increase the recombination 
ef?ciency at the boundary betWeen the luminescence layer 
12 and the hole-transporting layer 13, thereby providing an 
enhanced luminescence ef?ciency. 

[0057] Further, in the structure of FIG. 1(b), an electron 
transporting layer 16 is disposed betWeen the metal elec 
trode 11 and the luminescence layer 12 in FIG. 1(a). As a 
result, the luminescence function is separated from the 
functions of electron transportation and hole transportation 
to provide a structure exhibiting more effective carrier 
blocking, thus increasing the luminescence ef?ciency. The 
electron-transporting layer 16 may comprise, e.g., an oxa 
diaZole derivative. 

[0058] FIG. 1(c) shoWs another desirable form of a four 
layer structure, including a hole-transporting layer 13, a 
luminescence layer 12, an exciton diffusion prevention layer 
17 and an electron-transporting layer 16, successively from 
the side of the transparent electrode 14 as an anode. 

[0059] Each ofthe organic ?lm layers 12, 13, 16 and 17 is 
formed in a thickness of at most 200 nm, and particularly the 
luminescence layer 12 is formed in a thickness of 5-200 nm. 

[0060] The present inventors have discovered that the use 
of a metal coordination compound including a substituted 
cyclic group and represented by the above-mentioned for 
mula (1) results in a high efficiency luminescence and a 
lesser likelihood of concentration extinction even at a high 
concentration than the conventional level due to suppression 
of an inter-molecular interaction. 

[0061] It has been also found that the suppression of 
concentration extinction is an effect attributable to a sub 
stituent on the metal coordination compound, and the con 
centration extinction becomes less liable to occur not regard 
less of the coordination number of ligands but oWing to the 
presence of a substituent on at least one ligand. 

[0062] Particularly, as a result, in a conventional phospho 
rescence-type organic EL device, the luminescence material 
can be used at a high concentration of 8% or higher in the 
luminescence layer, thereby providing an organic EL device 
exhibiting a high luminescence luminance. 

[0063] The metal coordination compound used in the 
present invention emits phosphorescence, and its loWest 
excited state is believed to be an MLCT* (metal-to-ligand 
charge transfer) excited state or Til-313* excited state in a triplet 
state, and phosphorescence is caused at the time of transition 
from such a state to the ground state. 

[0064] It is generally said that phosphorescence life is 
shorter at MLCT* than at Til-313*, but the molecular structure 
suppressing the concentration extinction used in the present 
invention is effective for both MLCT* and Til-313* as the 
loWest excited state, and the molecule can be doped at a high 
concentration in the luminescence layer in either case. 

[0065] The luminescence material of the present invention 
exhibited a high phosphorescence yield of from 0.1 to 0.9 
and a short phosphorescence life of 0.l--30 usec. The 
phosphorescence yield referred to herein is a relative quan 
tum yield, i.e., a ratio of an objective sample’s quantum 
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yield D(sample) to a standard sample’s quantum yield @(st) 
and is determined according to the folloWing formula: 

(D(sample)/<1)(sl)=[Sem(sa_rnple)/Iabs(sarnple)]/ 
[Sem(sl)/Iabs(sl)], 

Wherein Iabs(st) denotes an absorption coefficient at an 
excitation Wavelength of the standard sample; Sem(st), a 
luminescence spectral areal intensity When excited at the 
same Wavelength: Iabs(sample), an absorption coef?cient at 
an excitation Wavelength of an objective compound; and 
Sem(sample), a luminescence spectral areal intensity When 
excited at the same Wavelength. 

[0066] Phosphorescence yield values described herein are 
relative values With respect to a phosphorescence yield CI>=1 
of Ir(ppy)3 as a standard sample. 

[0067] Further, the luminescence (phosphorescence) life 
referred to herein is based on values measured according to 
the folloWing method. 

<<Method of Measurement of Life>> 

[0068] A sample compound is dissolved in chloroform and 
spin-coated onto a quartz substrate in a thickness of ca. 0.1 
pm and is exposed to pulsative nitrogen laser light at an 
excitation Wavelength of 337 nm at room temperature by 
using a luminescence life meter (made by Hamamatsu 
Photonics After completion of the excitation pulses, 
the decay characteristic of luminescence intensity is mea 
sured. 

[0069] When an initial luminescence intensity is denoted 
by lo, a luminescence intensity after t(sec) is expressed 
according to the folloWing formula With reference to a 
luminescence life "t(sec): 

[0070] Thus, the luminescence life '5 is a time period in 
Which the luminescence intensity I is attenuated doWn to l/ e 
of the initial intensity I (I/IO=e_l, e is a base of natural 
logarithm). 

[0071] A short phosphorescence life is a condition for 
providing an EL device of a high luminescence ef?ciency. 
More speci?cally, a long phosphorescence life means abun 
dant presence of molecules in a triplet excited state Waiting 
for the luminescence leading to a problem of a loWering in 
luminescence ef?ciency particularly at a high current den 
sity. The material of the present invention is a suitable 
luminescence material for an EL device because of a high 
phosphorescence yield and a short phosphorescence life. 
Further, it is assumed that because of a short phosphores 
cence life, the duration at a triplet state is shortened to 
suppress the concentration extinction. A high stability of the 
luminescence material of the present invention Was also 
exhibited in an actual current conduction test of actual 
devices. 

[0072] In the case of a phosphorescent material, the lumi 
nescence characteristic thereof is severely affected by its 
molecular environment. In the case of a ?uorescence device, 
the basic property of a luminescence material is examined 
based on photoluminescence. In the case of phosphores 
cence, hoWever, the photoluminescence performance does 
not directly lead to the luminescence performance of an EL 
device since it is frequently affected by the polarity of host 
molecules, temperature and solid/ liquid state. As a result, EL 
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device performances except for a part thereof cannot be 
estimated from the photoluminescence result. 

[0073] In the case of a ligand of the present invention 
having a cyclic group having one or plural ?uorine atoms, it 
becomes possible to shift the luminescence Wavelength to a 
shorter side or a longer side because of a change in the 
energy gap. If it is assumed for convenience that HOMO/ 
LUMO of metal electron orbits and HOMO/LUMO of 
ligand electron orbits can be considered separately, it is 
understood that HOMO/LUMO energy levels of ligand 
electron orbits are changed by ?uorine atoms having a large 
electro-negativity to change the energy gap betWeen the 
HOMO level of the metal and the LUMO level of the ligand, 
thereby shifting the luminescence from the MLCT state as 
the loWest excited state to a shorter Wavelength side or a 
longer Wavelength side. Accordingly, While a luminescence 
material exhibiting a stably high quantum yield over a broad 
Wavelength range (blue to red) has not been found, it can be 
realiZed by a luminescence material of the present invention, 
thus being able to provide a luminescence material, Which 
shoWs a high e?iciency at a desired emission Wavelength 
over a broad Wavelength range (from blue to red). 

[0074] When a device is formed, due to a large electrone 
gativity of ?uorine atoms, the inter-molecular interaction is 
suppressed to physically result in a suppressed crystallinity 
favoring a uniform ?lm formation and physically suppress 
ing the dimeriZation reaction to prohibit the energy deacti 
vation leading to an improved luminescence e?iciency, thus 
resulting in an improved electrical property and an improved 
device stability. 

[0075] Further, in the case of using a ligand containing a 
plurality of ?uorine atoms or poly?uoroalkyl groups as 
sub stituents, it is considered that a direct interaction betWeen 
luminescence molecules is suppressed due to electrical 
repulsion caused by their electrical effect or due to steric 
hindrance, thereby preventing energy deactivation and con 
centration extinction. 

[0076] Further, from the vieWpoint of device preparation, 
a luminescence material having a substituent, particularly a 
?uorinated substituent, alloWs easier vacuum deposition due 
to a sublimation temperature decrease in the ?lm formation 
by vacuum deposition, thus providing a great advantage. 

[0077] As a result, as shoWn in the Examples hereinafter, 
by using a luminescence material having a substituent 
according to the present invention, a stable luminescence for 
many hours With suppressed concentration extinction can be 
expected. Further, it becomes possible to attain a high 
phosphorescence yield over a temperature range of —20° C. 
to 60° C. as an actual operation temperature range of an 
organic luminescence device. Further, in the case of using a 
compound at a concentration of 8 Wt. % or higher With 
respect to a host material in the luminescence layer or at a 
concentration higher than a compound having no substitu 
ent, it becomes possible to provide an EL device exhibiting 
excellent luminescence performance While suppressing the 
concentration extinction. The concentration of the lumines 
cence material of the present invention in the luminescence 
layer may be at least 8 Wt. %, preferably 10 Wt. % or higher, 
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but the luminescence material potentially has a possibility of 
being used even at 100% Without causing substantial con 
centration extinction. 

[0078] Herein, the term “luminescence performance” 
refers to a characteristic attributable to a maximum lumi 
nescence e?iciency that can be expressed as any of a 
maximum luminance, a maximum of luminance/current, a 
maximum of light ?ux/poWer consumption or a maximum of 
external quantum yield. 

[0079] A high-e?iciency luminescence device according 
to the present invention is applicable to a product requiring 
energy economiZation or a high luminance. More speci? 
cally, the luminescence device is applicable to a display 
apparatus, an illumination apparatus, a printer light source or 
a backlight for a luminescence layer display apparatus. As 
for a display apparatus, it alloWs a ?at panel display Which 
is light in Weight and provides a highly recogniZable display 
at a loW energy consumption. As a printer light source, the 
luminescence device of the present invention can be used 
instead of a laser light source of a laser beam printer. 
Independently addressable devices are arranged in an array 
form to effect a desired exposure on a photosensitive drum 
thereby forming an image. The apparatus volume can be 
remarkably reduced by using the devices of the present 
invention. For the illumination apparatus or backlight, the 
energy economiZation e?fect according to the present inven 
tion can be expected. 

[0080] For the application to a display, a drive system 
using a thin-?lm transistor (abbreviated as TFT) drive circuit 
according to an active matrix scheme may be used. By 
driving a display panel using a luminescence material of the 
present invention in a luminescence layer, it becomes pos 
sible to alloW a stable display for many hours With a good 
picture quality. 

[0081] HereinbeloW, some speci?c structural formulae of 
metal coordination compounds represented by the formula 
(1) used in the present invention are shoWn in Table l 
appearing hereinafter, Which are hoWever only representa 
tive examples and are not exhaustive. Ph-P9 used in Table 1 
represent partial structures shoWn beloW, of Which substitu 
ents R1, R2, . . . are shoWn as A-Rl, A-R2, . . . When 

contained in the cyclic group A in the formula (1) and as 
B-Rl, B-R2, . . . When contained in the cyclic group B, . . 

. in Table 1. 
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