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(57) ABSTRACT 

An organic electroluminescence device comprising a pair of 
electrodes and a layer of an organic light emitting medium 
disposed betWeen the pair of electrodes, Wherein the layer of 
an organic light emitting medium comprises a mixed layer 
comprising (A) at least one hole transporting compound and 
(B) at least one electron transporting compound, an energy 
gap of the hole transporting compound represented by Eg1 
and an energy gap of the electron transporting compound 
represented by Eg2 satisfy a relation: Eg1<Eg2. Electrons 
and holes are recombined in the layer of an organic light 
emitting medium and light is emitted. The organic electrolu 
minescence device has a long life and emits light at a high 
ef?ciency. 
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ORGANIC ELECTROLUMINESCENCE DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to an organic elec 
troluminescence device (hereinafter, “electroluminescence” 
Will be referred to as EL) and, more particularly, to an 
organic EL device having a long life and emitting light at a 
high efficiency. 

BACKGROUND ART 

[0002] EL devices Which utiliZe light emission under 
application of an electric ?eld shoW high self-distinguish 
ability due to the self-emission and exhibit excellent impact 
resistance since they are completely solid devices. There 
fore, EL devices have been attracting attention for applica 
tion as light emitting devices in various types of display 
apparatus. 

[0003] The EL devices include inorganic EL devices in 
Which an inorganic compound is used as the light emitting 
material and organic EL devices in Which an organic com 
pound is used as the light emitting material. Organic EL 
devices have been extensively studied for practical applica 
tion as a light emitting device of the next generation because 
the applied voltage can be decreased to a great extent, the 
siZe of the device can be reduced easily, consumption of 
electric poWer is small, planar light emission is possible and 
three primary colors are easily emitted. 

[0004] As for the construction of the organic EL device, 
the basic construction comprises an anode/an organic light 
emitting layer/ a cathode. Constructions having a hole inject 
ing and transporting layer or an electron injecting layer 
suitably added to the basic construction are knoWn. 
Examples of such constructions include the construction of 
an anode/a hole injecting and transporting layer/an organic 
light emitting layer/a cathode and the construction of an 
anode/a hole injecting and transporting layer/an organic 
light emitting layer/an electron injecting layer/a cathode. 

[0005] In the development of organic EL devices Which 
can be practically applied, various studies to obtain a light 
emitting element having a long life and emits light at a high 
efficiency have been conducted. HoWever, an element hav 
ing a longer life and emits light at a higher efficiency is 
desired so that consumption of electric poWer can be further 
reduced. 

[0006] For example, in International Patent Application 
Laid-Open No. 98/08360 and US. Pat. No. 5,853,905, 
elements in Which a mixed layer of an amine derivative 
having the electron transporting property and an energy gap 
of 3 eV or greater and an aluminum complex of 8-hydrox 
yquinoline (Alq) as an electron transporting compound is 
used as the light emitting medium are disclosed. Since the 
energy gap of Alq is 2.7 eV, holes and electrons are recom 
bined in Alq having a loWer energy gap and light is emitted 
in this light emitting medium. Since Alq itself has a small 
quantum yield of ?uorescence, the efficiency is enhanced by 
adding a light emitting dopant such as coumarine and 
rubrene. 

[0007] HoWever, the technology disclosed in the above 
references has a draWback in that the life of the device 
cannot be increased to the desired value. In other Words, in 
general, feW organic materials Which simultaneously 
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achieve excellent transportation of electrons and excellent 
durability under an electric current can be found. It is 
con?rmed that Alq is degraded When holes are injected into 
Alq although Alq exhibits excellent durability in transpor 
tation of electrons. In the case of the above light emitting 
medium, the energy gap of the hole transporting compound 
Egl and the energy gap of the electron transporting com 
pound Eg2 has the relation: Eg1>Eg2. Therefore, holes tend 
to be injected into Alq having a smaller energy gap and the 
life of the device cannot be increased to the desired value. 
Although it is knoWn that durability of Alq can be improved 
by addition of a light emitting dopant such as coumarine and 
rubrene, further improvement has been desired. 

DISCLOSURE OF THE INVENTION 

[0008] Under the above circumstances, the present inven 
tion has an object of providing an organic EL device Which 
has a longer life and emits light at a higher efficiency than 
those of conventional organic EL devices. 

[0009] As the result of intensive studies by the present 
inventors to achieve the above object, it Was found that an 
organic EL device having a longer life and emitting light at 
a higher efficiency than those of conventional organic EL 
devices could be obtained When an organic electrolumines 
cence device comprising a layer of an organic light emitting 
medium comprised a mixed layer comprising (A) at least 
one hole transporting compound and (B) at least one elec 
tron transporting compound and an energy gap of the hole 
transporting compound represented by Egl Was smaller than 
an energy gap of the electron transporting compound rep 
resented by Eg2. The present invention has been completed 
based on the knoWledge. 

[0010] The present invention provides an organic elec 
troluminescence device comprising a pair of electrodes and 
a layer of an organic light emitting medium disposed 
betWeen the pair of electrodes, Wherein the layer of an 
organic light emitting medium comprises a mixed layer 
comprising (A) at least one compound selected from hole 
transporting compounds and (B) at least one compound 
selected from electron transporting compounds and an 
energy gap of the hole transporting compound represented 
by Egl and an energy gap of the electron transporting 
compound represented by Eg2 satisfy a relation: Eg1<Eg2. 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

[0011] The present invention provides an organic elec 
troluminescence device comprising a pair of electrodes and 
a layer of an organic light emitting medium disposed 
betWeen the pair of electrodes, Wherein the layer of an 
organic light emitting medium comprises a mixed layer 
comprising (A) at least one compound selected from hole 
transporting compounds and (B) at least one compound 
selected from electron transporting compounds and an 
energy gap of the hole transporting compound represented 
by Egl and an energy gap of the electron transporting 
compound represented by Eg2 satisfy a relation: Eg1<Eg2. 

[0012] Due to this relation in the layer of an organic light 
emitting medium, holes are transported With the hole trans 
porting compound and electrons are injected into the hole 
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transporting compound in the area of recombination. Light 
is emitted by recombination of the holes and the electrons. 
Since injection of holes into the electron transporting com 

pound is suppressed, degradation of the electron transport 
ing compound is suppressed and the life of the device is 
extended. The hole transporting compound can also provide 
durability to the electron injection. 

[0013] It is preferable that the ioniZation energy of the hole 
transporting compound represented by IPl and the ioniZa 
tion energy of the electron transporting compound repre 
sented by IP2 satisfy the relation: IP1§IP2. 

[0014] Due to this relation, holes are more easily injected 
into the loWest occupied orbital of the hole transporting 
compound from an outer layer of the light emitting medium. 
The outer layer means a layer other than the layer of the light 
emitting medium such as the anode, a hole injecting layer, 
a hole transporting layer and a buffer layer. 

[0015] It is preferable that the electron affinity of the hole 
transporting compound represented by Afl and the electron 
affinity of the electron transporting compound represented 
by Af2 satisfy a relation: AfléAf2. The electron af?nities 
represented by Afl and Af2 are values of the energies of the 
loWest vacant orbitals based on the energy level of an 
electron in the vacuum as the reference. Due to this relation, 
electrons are more easily injected into the loWest vacant 
orbital of the electron transporting compound from an outer 
layer of the layer of the light emitting medium. The outer 
layer means a layer other than the layer of the light emitting 
medium such as the cathode, an electron injecting layer, an 
electron transporting layer, a hole arresting layer or a buffer 
layer. In this case, it is preferable that AEv given by 
AEv=IP2-IP1 and AEc given by AEc=Af2-AF1 satisfy a 
relation: AEviAEc. Due to this relation, electrons are more 
easily injected into the loWest vacant orbital of the hole 
transporting compound through the electron transporting 
compound. On the other hand, injection of holes into the 
loWest vacant orbital of the electron injecting compound is 
suppressed. 

[0016] The electron affinity of the hole transporting com 
pound represented by Afl and the electron affinity of the 
electron transporting compound represented by Af2 may 
satisfy a relation: Af1>Af2. In this case, the hole transport 
ing compound does not substantially transport electrons or 
the mobility of electrons With the hole transporting com 
pound is smaller than the mobility of electrons With the 
electron transporting compound. In this the mobility of 
electrons With the electron transporting compound. In this 
case, it is preferable that AEv given by AEv=IP2-IP1 and 
AEc‘ given by AEc‘=Af1-AF2 satisfy a relation: AEviAEc‘. 
Due to this relation, the trapping effect of the hole trans 
porting compound decreases and electrons transported With 
the electron transporting compound can more easily reach 
the area of recombination. 

[0017] It is preferable that the hole transporting compound 
used in the organic EL device of the present invention is an 
aromatic amine having a condensed cyclic structure. 

[0018] It is preferable that the aromatic amine is repre 
sented by the folloWing general formula (1): 
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(1) 
Ar1 Ar3 

/ 
N—Y—N 
/ 

Ar2 Ar4 

[0019] Wherein Ar1 to Ar4 each independently represent a 
substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 40 carbon atoms or a substituted or unsubstituted 
aromatic heterocyclic group having 3 to 40 carbon atoms, Y 
represents a substituted or unsubstituted aromatic residue 
group having 2 to 60 carbon atoms, at least one of the groups 
represented by Ar1 to Ar4 and Y has a condensed cyclic 
group having 3 or more rings and a substituent in the groups 
represented by Ar1 to Ar4 and Y may form a ring With tWo 
groups selected from the groups represented by Ar1 to Ar4 
and Y; or by the folloWing general formula (2): 

(2) 
Ar1 Ar2 \ / 

N 

Ari /L\ / 
N N 

Ar6 Ar4 

Ar3 

[0020] Wherein Ar1 to Ar6 each independently represent a 
substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 40 carbon atoms or a substituted or unsubstituted 
aromatic heterocyclic group having 3 to 40 carbon atoms, Z 
represents a substituted or unsubstituted aromatic residue 
group having 3 to 60 carbon atoms, at least one of the groups 
represented by Ar1 to Ar6 and Z has a condensed cyclic 
group having 3 or more rings and a substituent in the groups 
represented by Ar1 to Ar6 and Z may form a ring With tWo 
groups selected from the groups represented by Ar1 to Ar6 
and Z. 

[0021] In the above general formulae (1) and (2), 
eXamples of the groups represented by Ar1 to Ar?, Y and Z 
include aromatic residue groups derived from anthracene, 
chrysene, ?uorene, pyrene, perylene, naphthalene, penta 
cene, coronene, ?uoranthene, pycene, rubicene and 
acenaphtho?uoranthene. 

[0022] It is preferable that the compounds represented by 
general formulae (1) and (2) are compounds represented by 
any of the folloWing general formulae (7) to (11). 

(7) 
R9 R8 R19 R18 

o o 0'0 R12 R13 R14 R15 

[0023] In the above general formula (7), R8 to R19 each 
independently represent hydrogen atom, a halogen atom, 
hydroXyl group, a substituted or unsubstituted amino group, 
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nitro group, cyano group, a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsub 
stituted alkenyl group having 2 to 30 carbon atoms, a 
substituted or unsubstituted cycloalkyl group having 5 to 30 
carbon atoms, a substituted or unsubstituted alkoXyl group 
having 1 to 30 carbon atoms, a substituted or unsubstituted 
aromatic hydrocarbon group having 6 to 40 carbon atoms, a 
substituted or unsubstituted aromatic heterocyclic group 
having 3 to 40 carbon atoms, a substituted or unsubstituted 
aralkyl group having 7 to 40 carbon atoms, a substituted or 
unsubstituted aryloXyl group having 6 to 40 carbon atoms, 
a substituted or unsubstituted alkoXycarbonyl group having 
2 to 40 carbon atoms or carboXyl group. TWo groups selected 
from the groups represented by R8 to R19 may form a ring 
and at least one of the groups represented by R8 to R19 is a 
diarylamino group represented by —NAr7Ar8. Ar7 and Ar8 
each independently represent a substituted or unsubstituted 
aryl group having 6 to 20 carbon atoms. 

(8) 

[0024] In the above general formula (8), R21 to R38 each 
independently represent hydrogen atom, a halogen atom, 
hydroXyl group, a substituted or unsubstituted amino group, 
nitro group, cyano group, a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsub 
stituted alkenyl group having 2 to 30 carbon atoms, a 
substituted or unsubstituted cycloalkyl group having 5 to 30 
carbon atoms, a substituted or unsubstituted alkoXyl group 
having 1 to 30 carbon atoms, a substituted or unsubstituted 
aromatic hydrocarbon group having 6 to 40 carbon atoms, a 
substituted or unsubstituted aromatic heterocyclic group 
having 3 to 40 carbon atoms, a substituted or unsubstituted 
aralkyl group having 7 to 40 carbon atoms, a substituted or 
unsubstituted aryloXyl group having 6 to 40 carbon atoms, 
a substituted or unsubstituted alkoXycarbonyl group having 
2 to 40 carbon atoms or carboXyl group. TWo groups selected 
from the groups represented by R21 to R38 may form a ring 
and at least one of the groups represented by R21 to R38 is 
a diarylamino group represented by —NAr7Ar8. Ar7 and Ar8 
each independently represent a substituted or unsubstituted 
aryl group having 6 to 20 carbon atoms. 

(9) 
Ar9 
/ 

Te N 

\Arlo 

[0025] In the above general formula (9), Te represents a 
terylene residue group, Ar9 and Ar10 each independently 
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represent a substituted or unsubstituted alkyl group having 1 
to 30 carbon atoms, a substituted or unsubstituted monocy 
clic group or a substituted or unsubstituted condensed poly 
cyclic group having 6 to 40 carbon atoms and r represents an 
integer of 1 to 6. 

(10) 

Arl3 

Arl4 

[0026] In the above general formula (10), Ar11 to Ar14 each 
independently represent a substituted or unsubstituted aryl 
group having 6 to 16 carbon atoms and R41 to R48 each 
independently represent hydrogen atom, a halogen atom, 
hydroXyl group, a substituted or unsubstituted amino group, 
nitro group, cyano group, a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsub 
stituted alkenyl group having 2 to 30 carbon atoms, a 
substituted or unsubstituted cycloalkyl group having 5 to 30 
carbon atoms, a substituted or unsubstituted alkoXyl group 
having 1 to 30 carbon atoms, a substituted or unsubstituted 
aromatic hydrocarbon group having 6 to 40 carbon atoms, a 
substituted or unsubstituted aromatic heterocyclic group 
having 3 to 40 carbon atoms, a substituted or unsubstituted 
aralkyl group having 7 to 40 carbon atoms, a substituted or 
unsubstituted aryloXyl group having 6 to 40 carbon atoms, 
a substituted or unsubstituted alkoXycarbonyl group having 
2 to 40 carbon atoms or carboXyl group and tWo groups 
selected from the groups represented by R41 to R48 may form 
a ring. 

(11) 

[0027] In the above general formula (11), Ar15 to Ar18 each 
independently represent a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsub 
stituted monocyclic group, a substituted or unsubstituted 
condensed polycyclic group having 8 to 40 carbon atoms; an 
integral combination of Ar15 and Ar16 and an integral com 
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bination of Ar17 and Ar18 each represent a condensed poly 
cyclic group having a nitrogen atom as a bonding atom; Q 
represents a divalent bonding group bonding a cyclic group 
or a plurality of cyclic groups and may be substituted or 
unsubstituted; R51 to R66 each independently represent 
hydrogen atom, a halogen atom, hydroxyl group, a substi 
tuted or unsubstituted amino group, nitro group, cyano 
group, a substituted or unsubstituted alkyl group having 1 to 
30 carbon atoms, a substituted or unsubstituted alkenyl 
group having 2 to 30 carbon atoms, a substituted or unsub 
stituted cycloalkyl group having 5 to 30 carbon atoms, a 
substituted or unsubstituted alkoxyl group having 1 to 30 
carbon atoms, a substituted or unsubstituted aromatic hydro 
carbon group having 6 to 40 carbon atoms, a substituted or 
unsubstituted aromatic heterocyclic group having 3 to 40 
carbon atoms, a substituted or unsubstituted aralkyl group 
having 7 to 40 carbon atoms, a substituted or unsubstituted 
aryloxyl group having 6 to 40 carbon atoms, a substituted or 
unsubstituted alkoxycarbonyl group having 2 to 40 carbon 
atoms or carboxyl group; and tWo groups selected from the 
groups represented by R51 to R66 may form a ring. 

[0028] The aromatic amine compound, the aromatic 
diamine compound and the aromatic triamine compound 
used in the present invention are compounds having struc 
tures represented by the above general formulae (1), (2) and 
(7) to (11). In each general formula, preferable examples of 
the substituent include halogen atoms, hydroxyl group, 
substituted and unsubstituted amino groups, nitro group, 
cyano group, substituted and unsubstituted alkyl groups, 
substituted and unsubstituted alkenyl groups, substituted and 
unsubstituted cycloalkyl groups, substituted and unsubsti 
tuted alkoxyl groups, substituted and unsubstituted aromatic 
hydrocarbon groups, substituted and unsubstituted aromatic 
heterocyclic groups, substituted and unsubstituted aralkyl 
groups, substituted and unsubstituted aryl groups, substi 
tuted and unsubstituted aryloxyl groups, substituted or 
unsubstituted alkoxycarbonyl groups and carboxyl group. 

[0029] Examples of the substituted and unsubstituted alkyl 
groups include methyl group, ethyl group, propyl group, 
isopropyl group, n-butyl group, s-butyl group, isobutyl 
group, t-butyl group, n-pentyl group, n-hexyl group, n-hep 
tyl group, n-octyl group, hydroxymethyl group, l-hydroxy 
ethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl 
group, 1,2-dihydroxyethyl group, 1,3-dihydroxyisopropyl 
group, 2,3-dihydroxy-t-butyl group, 1,2,3-trihydroxypropyl 
group, chloromethyl group, l-chloroethyl group, 2-chloro 
ethyl group, 2-chloroisobutyl group, 1,2-dichloroethyl 
group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 
l-bromoethyl group, 2-bromoethyl group, 2-bromoisobutyl 
group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl 
group, 2,3-dibromo-t-butyl group, 1,2,3-tribromopropyl 
group, iodomethyl group, l-iodoethyl group, 2-iodoethyl 
group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 1,3 
diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-tri 
iodopropyl group, aminomethyl group, l-aminoethyl group, 
2-aminoethyl group, 2-aminoisobutyl group, 1,2-diaminoet 
hyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl 
group, 1,2,3-triaminopropyl group, cyanomethyl group, 
1-cyanoethyl group, 2-cyanoethyl group, 2-cyanoisobutyl 
group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, 
nitromethyl group, l-nitroethyl group, 2-nitroethyl group, 
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2-nitroisobutyl group, 1,2-dinitroethyl group, 1,3-dinitroiso 
propyl group, 2,3-dinitro-t-butyl group and 1,2,3-trinitro 
propyl group. 

[0030] Examples of the substituted and unsubstituted alk 
enyl groups include vinyl group, allyl group, 1-butenyl 
group, 2-butenyl group, 3-butenyl group, 1,3-butadienyl 
group, l-methylvinyl group, styryl group, 2,2-diphenylvinyl 
group, 1,2-diphenylvinyl group, l-methylallyl group, 1,1 
dimethylallyl group, 2-methylallyl group, l-phenylallyl 
group, 2-phenylallyl group, 3-phenylallyl group, 3,3-diphe 
nylallyl group, 1,2-dimethylallyl group, l-phenyl-l-butenyl 
group and 3-phenyl-1-butenyl group. 

[0031] Examples of the substituted and unsubstituted 
cycloalkyl groups include cyclopropyl group, cyclobutyl 
group, cyclopentyl group, cyclohexyl group and 4-methyl 
cyclohexyl group. 

[0032] The substituted and unsubstituted alkoxyl groups 
are represented by —OY1. Examples of the group repre 
sented by Y1 include methyl group, ethyl group, propyl 
group, isopropyl group, n-butyl group, s-butyl group, isobu 
tyl group, t-butyl group, n-pentyl group, n-hexyl group, 
n-heptyl group, n-octyl group, hydroxymethyl group, 1-hy 
droxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl 
group, 1,2-dihydroxyethyl group, 1,3-dihydroxyisopropyl 
group, 2,3-dihydroxy-t-butyl group, 1,2,3-trihydroxypropyl 
group, chloromethyl group, l-chloroethyl group, 2-chloro 
ethyl group, 2-chloroisobutyl group, 1,2-dichloroethyl 
group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 
l-bromoethyl group, 2-bromoethyl group, 2-bromoisobutyl 
group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl 
group, 2,3-dibromo-t-butyl group, 1,2,3-tribromopropyl 
group, iodomethyl group, l-iodoethyl group, 2-iodoethyl 
group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 1,3 
diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-tri 
iodopropyl group, aminomethyl group, l-aminoethyl group, 
2-aminoethyl group, 2-aminoisobutyl group, 1,2-diaminoet 
hyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl 
group, 1,2,3-triaminopropyl group, cyanomethyl group, 
l-cyanoethyl group, 2-cyanoethyl group, 2-cyanoisobutyl 
group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, 
nitromethyl group, 1-nitroethyl group, 2-nitroethyl group, 
2-nitroisobutyl group, 1,2-dinitroethyl group, 1,3-dinitroiso 
propyl group, 2,3-dinitro-t-butyl group and 1,2,3-trinitro 
propyl group. 

[0033] Examples of the substituted and unsubstituted aro 
matic hydrocarbon groups include phenyl group, l-naphthyl 
group, 2-naphthyl group, l-anthryl group, 2-anthryl group, 
9-anthryl group, l-phenanthryl group, 2-phenanthryl group, 
3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl 
group, l-naphthacenyl group, 2-naphthacenyl group, 
9-naphthacenyl group, l-pyrenyl group, 2-pyrenyl group, 
4-pyrenyl group, 2-biphenylyl group, 3-biphenylyl group, 
4-biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3 
yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, 
m-terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl 
group, m-tolyl group, p-tolyl group, p-t-butylpheny group, 
p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl 
group, 4-methyl-1-naphthyl group, 4-methyl-1-anthryl 
group, 4‘-methylbiphenylyl group and 4‘-t-butyl-p-terphe 
nyl-4-yl group. 



US 2002/0098379 A1 

[0034] Examples of the substituted and unsubstituted aro 
matic heterocyclic groups include l-pyrrolyl group, 2-pyr 
rolyl group, 3-pyrrolyl group, pyradinyl group, 2-pyridinyl 
group, 3-pyridinyl group, 4-pyridinyl group, l-indolyl 
group, 2-indolyl group, 3-indolyl group, 4-indolyl group, 
S-indolyl group, 6-indolyl group, 7-indolyl group, l-isoin 
dolyl group, 2-isoindolyl group, 3-isoindolyl group, 4-isoin 
dolyl group, S-isoindolyl group, 6-isoindolyl group, 7-isoin 
dolyl group, 2-furyl group, 3-furyl group, 2-benZofuranyl 
group, 3-benZofuranyl group, 4-benZofuranyl group, S-ben 
Zofuranyl group, 6-benZofuranyl group, 7-benZofuranyl 
group, l-isobenzofuranyl group, 3-isobenZofuranyl group, 
4-isobenZofuranyl group, S-isobenzofuranyl group, 
6-isobenZofuranyl group, 7-isobenZofuranyl group, 
2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 
S-quinolyl group, 6-quinolyl group, 7-quinolyl group, 
8-quinolyl group, l-isoquinolyl group, 3-isoquinolyl group, 
4-isoquinolyl group, S-isoquinolyl group, 6-isoquinolyl 
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxa 
nyl group, S-quinoxanyl group, 6-quinoxanyl group, l-car 
baZolyl group, 2-carbaZolyl group, 3-carbaZolyl group, 
4-carbaZolyl group, 9-carbaZolyl group, l-phenanthridinyl 
group, 2-phenanthridinyl group, 3-phenanthridinyl group, 
4-phenanthridinyl group, 6-phenanthridinyl group, 
7-phenanthridinyl group, 8-phenanthridinyl group, 
9-phenanthridinyl group, 10-phenanthridinyl group, 
l-acridinyl group, 2-acridinyl group, 3-acridinyl group, 
4-acridinyl group, 9-acridinyl group, phenanthrolyl group, 
2-thienyl group, 3-thienyl group, 2-methylpyrrol-1-yl group, 
2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 
Z-methylpyrrol-S-yl group, 3-methylpyrrol-1-yl group, 
3-methylpyrrol-2-yl group, 3-methylpyrrol-4-yl group, 
3-methyl-pyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 
3-(2-phenylpropyl)pyrrol-l-yl group, 2-methyl-1-indolyl 
group, 4-methyl-1-indolyl group, 2-methyl-3-indolyl group, 
4-methyl-3-indolyl group, 2-t-butyl-1-indolyl group, 4-t 
butyl-l-indolyl group, 2-t-butyl-3-indolyl group and 4-t 
butyl-3-indolyl group. 
[0035] Examples of the substituted and unsubstituted 
aralkyl groups include benZyl group, l-phenylethyl group, 
2-phenylethyl group, l-phenylisopropyl group, 2-phenyliso 
propyl group, phenyl-t-butyl group, ot-naphthylmethyl 
group, l-ot-naphthylethyl group, 2-ot-naphthylethyl group, 
l-ot-naphthyl-isopropyl group, 2-ot-naphthylisopropyl 
group, [3-naphthylmethyl group, 1-[3-naphthylethyl group, 
2-[3-naphthylethyl group, 1-[3-naphthylisopropyl group, 2-[3 
naphthylisopropyl group, l-pyrrolylmethyl group, 2-(1-pyr 
rolyl)ethyl group, p-methylbenZyl group, m-methylbenZyl 
group, o-methylbenZyl group, p-chlorobenZyl group, 
m-chlorobenZyl group, o-chlorobenZyl group, p-bromoben 
Zyl group, m-bromobenZyl group, o-bromobenZyl group, 
p-iodobenZyl group, m-iodobenZyl group, o-iodobenZyl 
group, p-hydroxybenZyl group, m-hydroxybenZyl group, 
o-hydroxybenZyl group, p-aminobenZyl group, m-ami 
nobenZyl group, o-aminobenZyl group, p-nitrobenZyl group, 
m-nitrobenZyl group, o-nitrobenZyl group, p-cyanobenZyl 
group, m-cyanobenZyl group, o-cyanobenZyl group, l-hy 
droxy-2-phenylisopropyl group and 1-chloro-2-phenyliso 
propyl group. 
[0036] Examples of the substituted and unsubstituted aryl 
groups include phenyl group, l-naphthyl group, 2-naphthyl 
group, l-anthryl group, 2-anthryl group, 9-anthryl group, 
l-phenanthryl group, 2-phenanthryl group, 3-phenanthryl 
group, 4-phenanthryl group, 9-phenanthryl group, l-naph 

Jul. 25, 2002 

thacenyl group, 2-naphthacenyl group, 9-naphthacenyl 
group, l-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 
2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl 
group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, 
p-terphenyl-2-yl group, m-terphenyl-4-yl group, m-terphe 
nyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, 
m-tolyl group, p-tolyl group, p-t-butylpheny group, p-(2 
phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 
4-methyl-1-naphthyl group, 4-methyl-1-anthryl group, 
4‘-methylbiphenylyl group, 4“-t-butyl-p-terphenyl-4-yl 
group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl group, 
2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group, 
2-indolyl group, 3-indolyl group, 4-indolyl group, S-indolyl 
group, 6-indolyl group, 7-indolyl group, l-isoindolyl group, 
3-isoindolyl group, 4-isoindolyl group, S-isoindolyl group, 
6-isoindolyl group, 7-isoindolyl group, 2-furyl group, 3-fu 
ryl group, 2-benZofuranyl group, 3-benZofuranyl group, 
4-benZofuranyl group, S-benzofuranyl group, 6-benZofura 
nyl group, 7-benZofuranyl group, l-isobenzofuranyl group, 
3-isobenZofuranyl group, 4-isobenZofuranyl group, 
6-isobenZofuranyl group, 6-isobenZofuranyl group, 
7-isobenZofuranyl group, 2-quinolyl group, 3-quinolyl 
group, 4-quinolyl group, S-quinolyl group, 6-quinolyl 
group, 7-quinolyl group, 8-quinolyl group, l-isoquinolyl 
group, 3-isoquinolyl group, 4-isoquinolyl group, S-iso 
quinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 
8-isoquinolyl group, 2-quinoxanyl group, S-quinoxanyl 
group, 6-quinoxanyl group, 1-carbaZolyl group, 2-carba 
Zolyl group, 3-carbaZolyl group, 4-carbaZolyl group, 
1 -phenanthridinyl group, 2-phenanthridinyl group, 
3-phenanthridinyl group, 4-phenanthridinyl group, 
6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, l-acridi 
nyl group, 2-acridinyl group, 3-acridinyl group, 4-acridinyl 
group, 9-acridinyl group, phenanthrolyl group, 2-thienyl 
group, 3-thienyl group, 2-methylpyrrol-1-yl group, 2-meth 
ylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2-meth 
ylpyrrol-S-yl group, 3-methylpyrrol-1-yl group, 3-meth 
ylpyrrol-2-yl group, 3-methylpyrrol-4-yl group, 
3-methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2 
phenylpropyl)pyrrol-l-yl group, 2-methyl-1-indolyl group, 
4-methyl-1-indolyl group, 2-methyl-3-indolyl group, 4-me 
thyl-3-indolyl group, 2-t-butyl-1-indolyl group, 4-t-butyl-1 
indolyl group, 2-t-butyl-3-indolyl group and 4-t-butyl-3 
indolyl group. 

[0037] The substituted and unsubstituted aryloxy groups 
are represented by —OZ1. Examples of the group repre 
sented by Z1 include phenyl group, l-naphthyl group, 
2-naphthyl group, l-anthryl group, 2-anthryl group, 9-an 
thryl group, l-phenanthryl group, 2-phenanthryl group, 
3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl 
group, l-naphthacenyl group, 2-naphthacenyl group, 
9-naphthacenyl group, l-pyrenyl group, 2-pyrenyl group, 
4-pyrenyl group, 2-biphenylyl group, 3-biphenylyl group, 
4-biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3 
yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, 
m-terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl 
group, m-tolyl group, p-tolyl group, p-t-butylpheny group, 
p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl 
group, 4-methyl-1-naphthyl group, 4-methyl-1-anthryl 
group, 4‘-methylbiphenylyl group, 4‘-t-butyl-p-terphenyl-4 
yl group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl 
group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl 
group, 2-indolyl group, 3-indolyl group, 4-indolyl group, 
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S-indolyl group, 6-indolyl group, 7-indolyl group, l-isoin 
dolyl group, 3-isoindolyl group, 4-isoindolyl group, S-isoin 
dolyl group, 6-isoindolyl group, 7-isoindolyl group, 2-furyl 
group, 3-furyl group, 2-benZofuranyl group, 3-benZofuranyl 
group, 4-benZofuranyl group, S-benzofuranyl group, 6-ben 
Zofuranyl group, 7-benZofuranyl group, 1-isobenZofuranyl 
group, 3-isobenZofuranyl group, 4-isobenZofuranyl group, 
5-isobenZofuranyl group, 6-isobenZofuranyl group, 
7-isobenZofuranyl group, 2-quinolyl group, 3-quinolyl 
group, 4-quinolyl group, S-quinolyl group, 6-quinolyl 
group, 7-quinolyl group, 8-quinolyl group, l-isoquinolyl 
group, 3-iso quinolyl group, 4-isoquinolyl group, S-iso 
quinolyl group, 6-isoquinolyl group, 7- isoquinolyl group, 8 
isoquinolyl group, 2-quinoxanyl group, S-quinoxanyl group, 
6- quinoxanyl group, 2-carbaZolyl group, 2-carbaZolyl 
group, 3-carbaZolyl group, 4-carbaZolyl group, l-phenan 
thridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl 
group, 4-phenanthridinyl group, 6-phenanthridinyl group, 
7-phenanthridinyl group, 8-phenanthridinyl group, 
9-phenanthridinyl group, l-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, phenanthrolyl group, 2-thienyl group, 3-thienyl 
group, 2-methylpyrrol-1 -yl group, 2-methylpyrrol-3 -yl 
group, 2-methylpyrrol-4-yl group, 2-methylpyrrol-5 -yl 
group, 3-methylpyrrol-1 -yl group, 3-methylpyrrol-2-yl 
group, 3-methylpyrrol-4-yl group, 3-methylpyrrol-5 -yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyr 
rol-l-yl group, 2-methyl-1-indolyl group, 4-methyl-1-in 
dolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-l-indolyl group, 4-t-butyl-1-indolyl group, 
2-t-butyl-3-indolyl group and 4-t-butyl-3-indolyl group. 
[0038] The substituted and unsubstituted alkoxycarbonyl 
groups are represented by —COOY2. Examples of the group 
represented by Y2 include methyl group, ethyl group, propyl 
group, isopropyl group, n-butyl group, s-butyl group, isobu 
tyl group, t-butyl group, n-pentyl group, n-hexyl group, 
n-heptyl group, n-octyl group, hydroxymethyl group, 1-hy 
droxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl 
group, 1,2-dihydroxyethyl group, 1,3-dihydroxyisopropyl 
group, 2,3-dihydroxy-t-butyl group, 1,2,3-trihydroxypropyl 
group, chloromethyl group, l-chloroethyl group, 2-chloro 
ethyl group, 2-chloroisobutyl group, 1,2-dichloroethyl 
group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 
1-bromoethyl group, 2-bromoethyl group, 2-bromoisobutyl 
group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl 
group, 2,3-dibromo-t-butyl group, 1,2,3-tribromopropyl 
group, iodomethyl group, l-iodoethyl group, 2-iodoethyl 
group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 1,3 
diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-tri 
iodopropyl group, aminomethyl group, l-aminoethyl group, 
2-aminoethyl group, 2-aminoisobutyl group, 1,2-diaminoet 
hyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl 
group, 1,2,3-triaminopropyl group, cyanomethyl group, 
l-cyanoethyl group, 2-cyanoethyl group, 2-cyanoisobutyl 
group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, 
nitromethyl group, l-nitroethyl group, 2-nitroethyl group, 
2-nitroisobutyl group, 1,2-dinitroethyl group, 1,3-dinitroiso 
propyl group, 2,3-dinitro-t-butyl group and 1,2,3-trinitro 
propyl group. 
[0039] It is preferable that the electron transporting com 
pound used in the organic EL device of the present invention 
is a heterocyclic compound having a nitrogen atom or a 
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complex having a nitrogen atom and more preferably a 
complex having a nitrogen atom. The heterocyclic com 
pound having a nitrogen atom and the complex having a 
nitrogen atom are preferable since these compounds have 
electron affinities as great as 2.7 eV or greater and mobilities 
of electrons as great as 1x10‘6 cmZ/V'S or greater. 

[0040] Examples of the heterocyclic compound having a 
nitrogen atom include oxadiaZole derivatives such as 2-(4 
biphenylyl)-5-(4-tert-butyl-phenyl)-1,3,4-oxadiaZole and 
bis[2-(4-tert-butyl-phenyl)- 1,3,4-oxadiaZole]-m-phenylene, 
triaZole derivatives and quinoxalinequinoline derivatives. 

[0041] It is preferable that the complex having a nitrogen 
atom is represented by the folloWing general formula (3): 

M—AmBn (3) 

[0042] Wherein M represents a monovalent to trivalent 
metal, A represents a ligand having a nitrogen atom, B 
represents a ligand having no nitrogen atoms, m represents 
an integer of 1 to 4, n represents an integer of 0 to 2 and 
integers represented by m and n satisfy m+n§4. 

[0043] Examples of the metal represented by M include 
Li, Na, Cs, Be, Mg, Ca, Ba, Zn, Cd, Al, Ga, In and Yb. 
Among these metals, Al, Be and Ga are preferable. 

[0044] Examples of the ligand represented by A include 
ligands based on Examples of the complex having a nitrogen 
atom include complexes represented by the folloWing gen 
eral formulae to (iii): 

[0045] M+A or M+A‘ (M+representing a monova 
lent metal ion) 

11 , or re re [0046] M2"A2 M2+AA‘ M2"A‘2 (M2+ p 
senting a divalent metal ion) 

[0047] (iii) M3+A3, M3+A2A‘, M3+AA‘2 or M3+A‘3 
(M3+representing a trivalent metal ion) 

[0048] Examples of the ligands represented by A and A‘ 
include ligands represented by the folloWing general for 
mula (iv). The ligands represented by A and A‘ may the same 
With or different from each other. Substituents in the ligands 
represented by A and A‘ may be the same With or different 
from each other. Examples of the substituent include alkyl 
groups, alkoxyl groups, aryloxyl groups and aryl groups. 

(iv) 

[0049] In the above general formula (iv), A1 and A2 each 
independently represent a substituted or unsubstituted aro 
matic cyclic structure and may represent the same structure 
or different structures. 

[0050] Further examples of the ligands represented by A 
and A‘ include ligands represented by the folloWing general 
formulae: 
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— O—Ar21, 

Ar23 

Ar25 

[0051] In the above formulae, D represents an atom 
selected from Si, Ge and Sn and Ar21 to Ar25 each indepen 
dently represent an aromatic hydrocarbon group or an aro 
matic heterocyclic group Which may have substituents. 

[0052] Further examples of the ligands represented by A 
and A‘ include benZoaZoles such as derivatives of benZimi 
daZole, benZothiaZole and benZoxaZole. 

[0053] Among the above ligands having a nitrogen atom 
Which are represented by A and A‘, ligands represented by 
the folloWing general formula (4) are preferable: 

(4) 

[0054] Wherein R2 to R7 each independently represent 
hydrogen atom, a halogen atom, hydroxyl group, a substi 
tuted or unsubstituted amino group, nitro group, cyano 
group, a substituted or unsubstituted alkyl group having 1 to 
30 carbon atoms, a substituted or unsubstituted alkenyl 
group having 2 to 30 carbon atoms, a substituted or unsub 
stituted cycloalkyl group having 5 to 30 carbon atoms, a 
substituted or unsubstituted alkoxyl group having 1 to 30 
carbon atoms, a substituted or unsubstituted aromatic hydro 
carbon group having 6 to 40 carbon atoms, a substituted or 
unsubstituted aromatic heterocyclic group having 3 to 40 
carbon atoms, a substituted or unsubstituted aralkyl group 
having 7 to 40 carbon atoms, a substituted or unsubstituted 
aryloxyl group having 6 to 40 carbon atoms, a substituted or 
unsubstituted alkoxycarbonyl group having 2 to 40 carbon 
atoms or carboxyl group and tWo groups selected from the 
groups represented by R2 to R7 may form a ring. 

[0055] Examples of the complex having ligands having a 
nitrogen atom as the complex having a nitrogen atom 
include complexes having ligands having a nitrogen atom 
Which are derived from 8-quinolinol or derivative thereof 
such as tris(8-quinolinolato)aluminum, bis(8-quinolinolato 
)magnesium, bis-(benZo(f)-8-quinolinolato)Zinc, bis(2-me 
thyl-8-quinolinolato)aluminum oxide, tris(8-quinolinolato 
)indium, tris(5-methyl-8-quinolinolato)aluminum, 
8-quinolinolatolithium, tris(5-methyl-8-quinolinolato)gal 
lium, bis(S-chloro-8-quinolinolato)calcium, 5,7-dichloro-8 
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8-quinilinolatoaluminum, tris(5,7-dibromo-8-hydrox 
yquinolinolato)aluminum and poly[Zinc(II)-bis(8-hydroxy 
5-quinolinyl)methane]. 

[0056] Examples of the complex having a ligand having a 
nitrogen atom and a ligand having no nitrogen atoms include 
bis(2-methyl-8-quinolinolato)(phenolato)aluminum(III), 
bis(2-methyl-8-quinolinolato)(ortho-cresolato)aluminu 
m(III), bis(2-methyl-8-quinolinolato) (metacresolato)alumi 
num(II), bis(2-methyl-8-quinolinolato)(para-cresolato)alu 
minum(III), bis(2-methyl-8-quinolinolato)(ortho 
phenylphenolato)aluminum(III), bis(2-methyl-8 
quinolinolato)(meta-phenylphenolato)aluminum(III), bis(2 
methyl-8-quinolinolato)(para 
phenylphenolato)aluminum(III), bis(2-methyl-8 
quinolinolato)(2,3-dimethylphenolato)aluminum(III), bis(2 
methyl-8-quinolinolato)(2,6 
dimethylphenolato)aluminum(III), bis(2-methyl-8 
quinolinolato)(3,4-dimethylphenolato)aluminum(III), bis(2 
methyl-8-quinolinolato)(3,5 
dimethylphenolato)aluminum(III), bis(2-methyl-8 
quinolinolato)(3,5-di-tert-butylphenolato)aluminum(III), 
bis(2-methyl-8-quinolinolato)(2,6-diphenylphenolato)alu 
minum(III), bis(2-methyl-8-quinolinolato)(2,4,6-triph 
enylphenolato)aluminum(III), bis(2-methyl-8-quinolino 
lato)(2,3,6-trimethylphenolato)aluminum(III), bis(2 
methyl-8-quinolinolato)(2,3,5,6 
tetramethylphenolato)aluminum(III), bis(2-methyl-8 
quinolinolato)(1-naphtholato)aluminum(III), bis(2-methyl 
8-quinolinolato)(2-naphtholato)aluminum(III), bis(2,4 
dimethyl-8-quinolinolato)(ortho 
phenylphenolato)aluminum(I II), bis(2,4-dimethyl-8 
quinolinolato)(para-phenylphenolato)aluminum(III), bis(2, 
4-dimethyl-8-quinolinolato)(meta 
phenylphenolato)aluminum(III), bis(2,4-dimethyl-8 
quinolinolato)(3,S-dimethylphenolato)aluminum(III), bis(2, 
4-dimethyl-8-quinolinolato)(3,5 
dimethylphenolato)aluminum(III), bis(2-dimethyl-8 
quinolinolato)(3,5-di-tert-butylphenolato)aluminum(III), 
bis(2-methyl-4-ethyl-8-quinolinolato)(para-cresolato)alu 
minum(III), bis(2-methyl-4-methoxy-8-quinolinolato)(para 
phenylphenolato)aluminum(III), bis(2-methyl-5-cyano-8 
quinolinolato)(ortho-cresolato)aluminum(III), bis(2-methyl 
6-tri?uoromethyl-8-quinolinolato)(2 
naphtholato)aluminum(III), bis(2-methyl-8 
quinolinolato)aluminum(III)-p-oxo-bis(2-methyl-8 
quinolinolato)-aluminum(III), bis(2,4-dimethyl-8 
quinolinolato)-aluminum(III)-p-oxo-bis(2, 4-dimethyl-8 
quinolinolato)aluminum(III), bis(4-ethyl-2-methyl-8 
quinolinolato)aluminum(III)-p-oxo-bis(4-ethyl-2-methyl-8 
quinolinolato)-aluminum(III), bis(2-methyl-4 
mothoxyquinolinolato)-aluminum(III)-p-oxo-bis(2-methyl 
4-methoxyquinolinolato)aluminum(III), bis(5-cyano-2 
methyl-8-quinolinolato)aluminum(III)-p-oxo-bis(5-cyano 
2-methyl-8-quinolinolato)aluminum(III) and bis(2-methyl 
5-tri?uoromethyl-8-quinolinolato)aluminum(III)-p-oxo 
bis(2-methyl-5-tri?uoromethyl-8 
quinolinolato)aluminum(III). 

[0057] The electron transporting compound used in the 
organic EL device of the present invention may be an 
anthracene derivative represented by the folloWing general 
formula (5): 
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[0058] wherein A1 and A2 each independently represent a 
substituted or unsubstituted monophenylanthryl group or a 
substituted or unsubstituted diphenylanthryl group and may 
represent the same group or different groups and L repre 
sents a single bond or a divalent bonding group; or by the 
following general formula (6): 

[0059] Wherein An represents a substituted or unsubsti 
tuted anthracene residue group and A3 and A4 each inde 
pendently represent a substituted or unsubstituted monova 
lent condensed aromatic cyclic group having 10 to 40 carbon 
atoms or a substituted or unsubstituted aryl group having no 
condensed cyclic structures and having 12 to 40 carbon 
atoms and may represent the same group or different groups. 

[0060] Examples of the substituent in general formulae (5) 
and (6) include alkyl groups having 1 to 6 carbon atoms, 
cycloalkyl groups having 3 to 6 carbon atoms, alkoxyl 
groups having 1 to 6 carbon atoms, aryloxyl groups having 
5 to 18 carbon atoms, aralkyloxyl groups having 7 to 18 
carbon atoms, amino groups substituted With aryl groups 
having 5 to 16 carbon atoms, nitro group, cyano group, ester 
groups having 1 to 6 carbon atoms, halogen atoms and 
alkenyl groups. 

[0061] Examples of the alkyl group having 1 to 6 carbon 
atoms include methyl group, ethyl group, propyl group, 
isopropyl group, butyl group, isobutyl group, sec-butyl 
group, tert-butyl group, various types of pentyl groups and 
various types of hexyl groups. 

[0062] Examples of the cycloalkyl group having 3 to 6 
carbon atoms include cyclopropyl group, cyclobutyl group, 
cyclopentyl group and cyclohexyl group. 

[0063] Examples of the alkoxyl group having 1 to 6 
carbon atoms include methoxyl group, ethoxyl group, pro 
poxyl group, isopropoxyl group, butoxyl group, isobutoxyl 
group, sec-butoxyl group, tert-butoxyl group, various types 
of pentyloxyl groups and various types of hexyloxyl groups. 

[0064] Examples of the aryloxyl group having 5 to 18 
carbon atoms include phenoxyl group, tolyloxyl group and 
naphthyloxyl group. 

[0065] Examples of the aralkyloxyl group having 7 to 18 
carbon atoms include benZyloxyl group, phenetyloxyl group 
and naphthylmethoxyl group. 

[0066] Examples of the amino group substituted With an 
aryl group having 5 to 16 carbon atoms include dipheny 
lamino group, ditolylamino group, dinaphthylamino group 
and naphthylphenylamino group. 

[0067] Examples of the ester group having 1 to 6 carbon 
atoms include methoxycarbonyl group, ethoxycarbonyl 
group, propoxycarbonyl group and isopropoxycarbonyl 
group. 

[0068] Examples of the halogen atom include ?uorine 
atom, chlorine atom and bromine atom. 

[0069] Examples of the aryl group include styrylphenyl 
group, styrylbiphenyl group and styrylnaphthyl group. 

[0070] Preferable examples of the anthracene derivative 
represented by general formula (5) include anthracene 
derivatives represented by general formula (S-a): 
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(5-a) 

[0071] Wherein R71 to R76 each independently represent an 
alkyl group, a cycloalkyl group, an alkenyl group, a substi 
tuted or unsubstituted aryl group, an alkoxyl group, an 
aryloxyl group, an alkylamino group, an arylamino group or 
a substituted or unsubstituted heterocyclic group; a and b 
each represent an integer of 0 to 5; c, d, e and f each 
represent an integer of 0 to 4; When any of a to f represents 
an integer of 2 or greater, a plurality of groups represented 
by the corresponding R71, R72, R73, R74, R75 or R76 may be 
the same With or different from each other and may form a 
ring by forming a bond betWeen each other; and L1 repre 
sents a single bond, —O—, —S—, —N(R)— or an arylene 
group, R representing an alkyl group or a substituted or 
unsubstituted aryl group; and 

[0072] anthracene derivatives represented by general for 
mula (S-b): 

(5-11) 

(Rl9 (R81)k 

(R83)P (R8511 
(R77)g— L2— —(R78)h 

\ \ 
(R80)f (R801 

[0073] Wherein R77 to R84 each independently represent an 
alkyl group, a cycloalkyl group, an alkenyl group, a substi 
tuted or unsubstituted aryl group, an alkoxyl group, an 
aryloxyl group, an alkylamino group, an arylamino group or 
a substituted or unsubstituted heterocyclic group; g and h 
each represent an integer of 0 to 4; i, j, k and 1 each represent 
an integer of 0 to 5; p and q each represent an integer of 0 
to 3; When any of g to 1 represents an integer of 2 or greater, 
a plurality of groups represented by corresponding R77, R78, 
R79, R80, R81 or R82 may be the same With or different from 
each other and may form a ring by forming a bond betWeen 
each other; and L2 represents a single bond, —O—, —S—, 
—N(R)— or an arylene group, R representing an alkyl 
group or a substituted or unsubstituted aryl group. 

[0074] In the above general formulae (S-a) and (S-b), 
preferable examples of the groups represented by R71 to R84 
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include alkyl groups having 1 to 6 carbon atoms, cycloalkyl 
groups having 3 to 6 carbon atoms, aryl groups having 5 to 
18 carbon atoms, alkoXyl groups having 1 to 6 carbon atoms, 
aryloXy groups having 5 to 18 carbon atoms, amino groups 
substituted With an aryl group having 5 to 16 carbon atoms 
and heterocyclic groups such as triaZole group, oXadiaZole 
group, quinoXaline group, furanyl group and thienyl group. 

[0075] In the group represented by —N(R)— Which is 
represented by L1 or L2, preferable examples of the group 
represented by R include alkyl groups having 1 to 6 carbon 
atoms and aryl groups having 5 to 18 carbon atoms. 

[0076] Preferable eXamples of the anthracene derivative 
represented by general formula (6) include anthracene 
derivatives represented by general formula (6-a): 

[0077] Wherein An represents a substituted or unsubsti 
tuted divalent anthracene residue group and A3‘ and A4‘ each 
independently represent a monovalent residue group derived 
from biphenyl, ?uoranthene, naphthalene, phenanthrene, 
anthracene, pyrene, perylene, coronene, chrysene, picene, 
?uorene, terphenyl, diphenylanthracene, biphenyl, an 
N-alkylcarbaZole, an N-arylcarbaZole, triphenylene, 
rubicene, benZoanthracene or dibenZoanthracene, Which 
may be substituted or unsubstituted; or a group represented 
by general formula (6-b): 

[0078] Wherein B1 and B2 each represent a substituted or 
unsubstituted phenyl group, naphthyl group, biphenyl group, 
terphenyl group or anthryl group. 

[0079] Examples of the substituent in the groups repre 
sented by An, A3‘ and A4‘ include the groups described as the 
eXamples of the substituents in general formulae (5) and 

[0080] In the present invention, the anthracene derivative 
may be used singly or in combination of tWo or more. 

[0081] The electron transporting compound used in the 
organic EL device of the present invention may be a cyclic 
derivative having Si such as silacyclopentadiene derivatives. 

[0082] In the organic EL device of the present invention, 
it is preferable that the thickness of the layer of the organic 
light emitting medium is in the range of 5 to 200 nm and 
more preferably in the range of 10 to 100 nm since the 
voltage applied to the device can be remarkably decreased. 

[0083] By using the combination of component (A) and 
component (B) for the layer of the organic light emitting 
medium, crystalliZation in the layer of the organic light 
emitting medium is suppressed and the layer of the organic 
light emitting medium becomes more amorphous. There 
fore, stability is enhanced and heat resistance is improved. 
As the compound of component (B), compounds having a 
glass transition temperature of 110° C. or higher are pref 
erable. By miXing the compound having a glass transition 
temperature of 110° C. or higher, the glass transition tem 
perature of the layer of the organic light emitting medium 
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can be raised to 110° C. or higher and a heat resistance in 
storage of 500 hours or longer at 85° C. can be obtained. 

[0084] The chromaticity and the peak Wavelength in the 
spectrum of the emitted light can be controlled by adjusting 

the relative amounts of component (A) and component By increasing the relative amount of component (A), the 

peak Wavelength in the spectrum of the emitted light shifts 
to longer Wavelengths and the X-coordinate of the chroma 
ticity coordinates increases. This phenomenon takes place 
because the peak Wavelength in the spectrum of emitted 
light due to component (A) is in the region of longer Wave 
lengths. 
[0085] It is preferable that component (A) and component 
(B) are miXed in amounts such that the ratio of the amount 
by Weight of component (A) to the amount by Weight of 
component (B) is in the range of 8:92 to 92:8. When the 
amount of component (A) is less than 8% by Weight, it 
becomes difficult that holes are transported to the area of 
recombination through the loWest occupied orbital of the 
hole transporting compound. This phenomenon can be 
found from the increase in the voltage applied to the device 
When the amount of component (A) is less than 8%. When 
the amount of component (A) eXceeds 92% by Weight, it 
becomes difficult that electrons are transported to the area of 
recombination through the loWest unoccupied orbital of the 
electron transporting compound. It is preferable that the ratio 
of the amount by Weight of component (A) to the amount by 
Weight of component (B) is in the range of 15:60 to 85:40 
since the device has a longer life. 

[0086] In the organic EL device of the present invention, 
it is preferable that the miXed layer in the layer of the organic 
light emitting medium further comprises (C) a ?uorescent 
compound since heat resistance and the efficiency of light 
emission are further improved. It is preferable that the miXed 
layer of the organic light emitting medium comprises com 
ponents (A), (B) and (C) in amounts such that a ratio of a 
total amount by Weight of component (A) and component 
(B) to an amount by Weight of component (C) is in the range 
of 100:1 to 10:1. 

[0087] In the organic EL device of the present invention, 
it is preferable that various intermediate layers are disposed 
betWeen the electrodes and the layer of the organic light 
emitting medium. EXamples of the intermediate layer 
include a hole injecting layer, a hole transporting layer, an 
electron injecting layer and an electron transporting layer. It 
is knoWn that various organic and inorganic compounds can 
be used for these layers. 

[0088] Typical eXamples of the construction of the organic 
EL device include: 

[0089] An anode/a layer of an organic light emitting 
medium/a cathode; 

[0090] An anode/a hole injecting layer/a layer of an 
organic light emitting medium/a cathode; 
[0091] An anode/a layer of an organic light emitting 
medium/an electron injecting layer/a cathode; 

[0092] An anode a hole injecting layer a layer of an 
organic light emitting medium/an electron injecting layer/a 
cathode; 
[0093] An anode/an organic semiconductor layer/a layer 
of an organic light emitting medium/a cathode; 
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[0094] An anode/an organic semiconductor layer/an elec 
tron barrier layer/a layer of an organic light emitting 
medium/a cathode; 

[0095] An anode/an organic semiconductor layer/a layer 
of an organic light emitting medium/an adhesion improving 
layer/a cathode; and 

[0096] An anode/a hole injecting layer/a hole transporting 
layer/a layer of an organic light emitting medium/ an electron 
injecting layer/a cathode. 

[0097] HoWever, the construction of the organic EL device 
is not limited to the above examples. 

[0098] In general, the organic EL device is prepared on a 
substrate Which transmits light. The substrate Which trans 
mits light is the substrate Which supports the organic EL 
device. It is preferable that the substrate Which transmits 
light has a transmittance of light of 50% or greater and more 
preferably 80% or greater in the visible region of 400 to 700 
nm. It is also preferable that a ?at and smooth substrate is 
used. 

[0099] As the substrate Which transmits light, for example, 
glass plates and synthetic resin plates are advantageously 
used. Speci?c examples of the glass plates include plates 
made of soda ash glass, glass containing barium and stron 
tium, lead glass, aluminosilicate glass, borosilicate glass, 
barium borosilicate glass and quartZ. Speci?c examples of 
the synthetic resin plates include plates made of polycar 
bonate resins, acrylic resins, polyethylene terephthalate res 
ins, polyether sul?de resins and polysulfone resins. 

[0100] As the anode, an electrode made of a material such 
as a metal, an alloy, a conductive compound and a mixture 
of these materials Which has a great Work function (4 eV or 
more) is preferably used. Speci?c examples of the material 
for the anode include metals such as Au and conductive 
materials such as CuI, ITO (indium tin oxide), SnO2, ZnO 
and In—Zn—O. The anode can be prepared by forming a 
thin ?lm of the electrode material described above in accor 
dance With a process such as the vapor deposition process 
and the sputtering process. When the light emitted from the 
light emitting layer is obtained through the anode, it is 
preferable that the anode has a transmittance of the emitted 
light greater than 10%. It is also preferable that the sheet 
resistivity of the anode is several hundred Q/III or smaller. 
The thickness of the anode is, in general, selected in the 
range of 10 nm to 1 pm and preferably in the range of 10 to 
200 nm although the preferable range may be different 
depending on the used material. 

[0101] As the cathode, an electrode made of a material 
such as a metal, an alloy, a conductive compound and a 
mixture of these materials Which has a small Work function 
(4 eV or smaller) is used. Speci?c examples of the material 
for the cathode include sodium, sodium-potassium alloys, 
magnesium, lithium, magnesium-silver alloys, aluminum/ 
aluminum oxide, Al/Li2O, Al/LiO2, Al/LiF, aluminum 
lithium alloys, indium and rare earth metals. The cathode 
can be prepared by forming a thin ?lm of the material 
described above in accordance With a process such as the 
vapor deposition process and the sputtering process. When 
the light emitted from the layer of the organic light emitting 
medium is obtained through the cathode, it is preferable that 
the cathode has a transmittance of the emitted light greater 
than 10 %. It is also preferable that the sheet resistivity of the 
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cathode is several hundred Q/III or smaller. The thickness of 
the cathode is, in general, selected in the range of 10 nm to 
1 pm and preferably in the range of 50 to 200 nm although 
the preferable range may be different depending on the used 
material. 

[0102] In the organic EL device of the present invention, 
it is preferable that a layer of a chalcogenide, a metal halide 
or a metal oxide (this layer may occasionally be referred to 
as a surface layer) is disposed on the surface of at least one 
of the pair of electrodes prepared as described above. 
Speci?cally, it is preferable that a layer of a chalcogenide 
(including an oxide) of a metal such as silicon and aluminum 
is disposed on the surface of the anode at the side of the layer 
of the organic light emitting medium and a layer of a metal 
halide or a metal oxide is disposed on the surface of the 
cathode at the side of the layer of the organic light emitting 
medium. Due to the above layers, holes or electrons are 
more easily injected into the light emitting medium and the 
device can be driven at a loWer voltage. 

[0103] Preferable examples of the chalcogenide include 
SiOx (1 2x22), AlOX (1 éxé 1.5), SiON and SiAlON. Pref 
erable examples of the metal halide include LiF, MgF2, CaF2 
and ?uorides of rare earth metals. Preferable examples of the 
metal oxide include CsZO, LiZO, MgO, SrO, BaO and CaO. 

[0104] In the organic EL device of the present invention, 
the electron transporting property and the hole transporting 
property of the layer of the organic light emitting medium 
are simultaneously improved by suitably adjusting the rela 
tive amounts of component (A) and component (B) 
described above and the above intermediate layers such as 
the hole injecting layer, the hole transporting layer and the 
electron injecting layer can be omitted. In this case, it is 
preferable that the surface layer described above is disposed. 

[0105] In the organic EL device of the present invention, 
it is preferable that a mixed region of an electron transfer 
compound and a reducing dopant or a mixed region of a hole 
transfer compound and an oxidiZing dopant is disposed on 
the surface of at least one of the pair of electrodes prepared 
as described above. Due to the mixed region disposed on the 
surface of the pair of electrodes, the electron transfer com 
pound is reduced to form an anion. Injection and transpor 
tation of electrons from the mixed region into the light 
emitting medium can be facilitated and the device can be 
driven at a loWer voltage. The hole transfer compound is 
oxidiZed to form a cation and injection and transportation of 
holes from the mixed region into the light emitting medium 
is facilitated. Preferable examples of the oxidiZing dopant 
include various types of Lewis acid and acceptor com 
pounds. Preferable examples of the reducing dopant include 
alkali metals, compounds of alkali metals, alkaline earth 
metals, rare earth metals and compounds of these metals. 

[0106] In the organic EL device of the present invention, 
the layer of the organic light emitting medium has the 
folloWing functions: 

[0107] (1) The injecting function: the function of 
injecting holes from the anode or the hole injecting 
layer and injecting electrons from the cathode or the 
electron injecting layer When an electric ?eld is 
applied; 

[0108] (2) The transporting function: the function of 
transporting injected charges (electrons and holes) 
by the force of the electric ?eld; and 
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[0109] (3) The light emitting function: the function of 
providing the ?eld for recombination of electrons 
and holes and leading the recombination to the 
emission of light. 

[0110] In the organic EL device of the present invention, 
it is preferable that the Work function WF of the anode Which 
injects holes into the layer of the organic light emitting 
medium and the ioniZation energy of the hole transporting 
compound IPl satisfy a relation: IP1—WF§0.2 eV. When the 
above relation is satis?ed, hole injection from the anode into 
the light emitting medium is increased and the hole injection 
layer can be omitted. Therefore, the device can be simpli?ed 
and the production cost of the device can be reduced. 

[0111] As the process for forming the layer of the organic 
light emitting medium, a conventional process such as the 
vapor deposition process, the spin coating process and the 
Langmuir-Blodgett process (the LB process) can be used. It 
is particularly preferable that the layer of the organic light 
emitting medium is a molecular deposit ?lm. The molecular 
deposit ?lm is a thin ?lm formed by deposition of a material 
compound in the gas phase or a thin ?lm formed by 
solidi?cation of a material compound in a solution or in the 
liquid phase. In general, the molecular deposit ?lm can be 
distinguished from the thin ?lm formed in accordance With 
the LB process (the molecular accumulation ?lm) based on 
the differences in the aggregation structure and higher order 
structures and functional differences caused by these struc 
tural differences. 

[0112] As disclosed in Japanese Patent Application Laid 
Open No. ShoWa 57(1982)-51781, the layer of the organic 
light emitting medium can also be formed by dissolving a 
binder such as a resin and the material compounds into a 
solvent to prepare a solution, folloWed by forming a thin ?lm 
from the prepared solution in accordance With the spin 
coating process or the like. 

[0113] In the present invention, Where desired, conven 
tional light emitting media other than component (A), com 
ponent (B) and component (C) described above may be 
comprised in the layer of the organic light emitting medium 
or a layer of an organic light emitting medium comprising 
other conventional light emitting media may be laminated to 
the layer of the organic light emitting medium comprising 
the compounds described in the present invention as long as 
the object of the present invention is not adversely affected. 

[0114] The hole injecting layer and the hole transporting 
layer are layers Which help injection of holes into the layer 
of the organic light emitting medium and transport the holes 
to the light emitting region. The layers exhibit a great 
mobility of holes and, in general, have an ioniZation energy 
as small as 5.5 eV or smaller. For the hole injecting layer and 
the hole transporting layer, a material Which transports holes 
to the layer of the organic light emitting medium at a small 
electric ?eld strength is preferable. A material Which exhib 
its, for example, a mobility of holes of at least 10-6 cm2/ 
V'sec under application of an electric ?eld of 104 to 106 
V/cm is more preferable. A material can be selected from 
materials Which are conventionally used as the charge trans 
porting material of holes in photoconductive materials and 
conventional materials Which are used for the hole injecting 
layer in organic EL devices. 

[0115] To form the hole injecting layer or the hole trans 
porting layer, a thin ?lm may be formed from a material 
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substance for the hole injecting layer or the hole transporting 
layer, respectively, in accordance With a conventional pro 
cess such as the vacuum vapor deposition process, the spin 
coating process, the casting process and the LB process. The 
thickness of the hole injecting layer and the hole transport 
ing layer is not particularly limited. In general, the thickness 
is 5 nm to 5 pm. 

[0116] The electron injection layer is a layer Which helps 
injection of electrons into the layer of the organic light 
emitting medium and exhibits a great mobility of electrons. 
The adhesion improving layer is a layer made of a material 
exhibiting excellent adhesion With the cathode in the elec 
tron injecting layer. As the material for the electron injecting 
layer, metal complexes of 8-hydroxyquinoline and deriva 
tives thereof are preferably used. Speci?c examples of the 
metal complex of 8-hydroxyquinoline and derivatives 
thereof include metal chelates of oxinoid compounds includ 
ing chelates of oxine (in general, 8-quinolinol or 8-hydrox 
yquinoline). For example, tris(8-quinolinol)aluminum can 
be used as the electron injecting material. 

[0117] To prepare the organic EL device of the present 
invention, for example, the anode, the layer of the organic 
light emitting medium and, Where necessary, the hole inject 
ing layer and the electron injecting layer are formed in 
accordance With the above process using the above materials 
and the cathode is formed in the last step. The organic EL 
device may be prepared by forming the above layers in the 
order reverse to that described above, i.e., the cathode being 
formed in the ?rst step and the anode in the last step. 

[0118] An embodiment of the process for preparing an 
organic EL device having a construction in Which an anode, 
a hole injecting layer, a layer of the organic light emitting 
medium, an electron injecting layer and a cathode are 
disposed successively on a substrate Which transmits light 
Will be described in the folloWing. 

[0119] On a suitable substrate Which transmits light, a thin 
?lm made of a material for the anode is formed in accor 

dance With the vapor deposition process or the sputtering 
process so that the thickness of the formed thin ?lm is 1 pm 
or smaller and preferably in the range of 10 to 200 nm. The 
formed thin ?lm is used as the anode. Then, a hole injecting 
layer is formed on the anode. The hole injecting layer can be 
formed in accordance With the vacuum vapor deposition 
process, the spin coating process, the casting process or the 
LB process, as described above. The vacuum vapor depo 
sition process is preferable because a uniform ?lm can be 
easily obtained and the possibility of formation of pin holes 
is small. When the hole injecting layer is formed in accor 
dance With the vacuum vapor deposition process, in general, 
it is preferable that the conditions are suitably selected in the 
folloWing ranges: the temperature of the source of the 
deposition: 50 to 450° C.; the vacuum: 10'7 to 10'3 Torr; the 
rate of deposition: 0.01 to 50 nm/second; the temperature of 
the substrate: —50 to 300° C. and the thickness of the ?lm: 
5 nm to 5 pm; although the conditions of the vacuum vapor 
deposition are different depending on the used compound 
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(the material for the hole injecting layer) and the crystal 
structure and the recombination structure of the hole inject 
ing layer to be formed. 

[0120] Then, the layer of the organic light emitting 
medium is formed on the hole injecting layer formed above. 
Using the organic light emitting medium described in the 
present invention, a thin ?lm of the organic light emitting 
medium can be formed in accordance With the vacuum 

vapor deposition process, the sputtering process, the spin 
coating process or the casting process and the formed thin 
?lm is used as the layer of the organic light emitting 
medium. The vacuum vapor deposition process is preferable 
because a uniform ?lm can be easily obtained and the 
possibility of formation of pin holes is small. When the layer 
of the organic light emitting medium is formed in accor 
dance With the vacuum vapor deposition process, in general, 
the conditions of the vacuum vapor deposition process can 
be selected in the same ranges as those described for the 

vacuum vapor deposition of the hole injecting layer although 
the conditions are different depending on the used com 

pound. It is preferable that the thickness is in the range of 10 
to 40 nm. 

[0121] An electron injecting layer is formed on the layer 
of the organic light emitting medium formed above. Simi 
larly to the hole injecting layer and the layer of the organic 
light emitting medium, it is preferable that the electron 
injecting layer is formed in accordance With the vacuum 
vapor deposition process since a uniform ?lm must be 
obtained. The conditions of the vacuum vapor deposition 
can be selected in the same ranges as those described for the 
vacuum vapor deposition of the hole injecting layer and the 
layer of the organic light emitting medium. 

[0122] A cathode is formed on the electron injecting layer 
formed above in the last step and an organic EL device can 
be obtained. The cathode is made of a metal and can be 
formed in accordance With the vacuum vapor deposition 
process or the sputtering process. It is preferable that the 
vacuum vapor deposition process is used in order to prevent 
formation of damages on the loWer organic layers during the 
formation of the ?lm. 

[0123] In the above preparation of the organic EL device, 
it is preferable that the above layers from the anode to the 
cathode are formed successively While the preparation sys 
tem is kept in a vacuum after being evacuated. 

[0124] The organic EL device Which can be prepared as 
described above emits light When a direct voltage of 3 to 40 
V is applied in the condition that the anode is connected to 
a positive electrode (+) and the cathode is connected to a 
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negative electrode When the connection is reversed, no 
electric current is observed and no light is emitted at all. 
When an alternating voltage is applied to the organic EL 
device, light emission is observed only in the condition that 
the polarity of the anode is positive and the polarity of the 
cathode is negative. When an alternating voltage is applied 
to the organic EL device, any type of Wave shape can be 
used. 

[0125] The present invention Will be described more spe 
ci?cally With reference to examples in the folloWing. HoW 
ever, the present invention is not limited to the examples. 

Example 1 

[0126] (The ratio of amounts by Weight: 40:20) 

[0127] On a glass plate having a siZe of 25><7S><1.1 mm, a 
transparent electrode made of indium tin oxide and having 
a thickness of 120 nm Was formed. After the glass substrate 
Was cleaned by irradiation With ultraviolet light and expo 
sure to oZone, the glass substrate Was placed in a vacuum 
vapor deposition apparatus. 

[0128] In the ?rst step, TPD106 expressed by the folloW 
ing formula: 

[0129] Was vapor deposited so that a layer having a 
thickness of 60 nm Was formed. Then, TPD78 expressed by 
the folloWing formula: 

E? 9... 
$5 . d3 

[0130] Was vapor deposited on the formed layer so that a 
hole transporting layer having a thickness of 20 nm Was 
formed on the layer of TPD106. Then, DCS expressed by the 
folloWing formula: 

[0131] DCS: a mixture of isomers in a ratio of amounts of 
70/30. 
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Q 
Ngmg N 

O 
Diphenylamino groups at 
3- and 11-positions (70) 

O 
@0008 N 

O 
Diphenylamino groups at 
3- and 10-positions (30) 

[0132] as the hole transporting compound and Alq (an Al 
complex of 8-hydroxyquinoline) as the electron transporting 
compound Were simultaneously vapor deposited on the 
formed layers in amounts such that the ratio of the amount 
by Weight of DC5 to the amount by Weight of Alq Was 
67.7:32.3 and a layer of an organic light emitting medium 
having a thickness of 40 nm Was formed. Then, Alq Was 
vapor deposited so that a layer having a thickness of 20 nm 
Was formed on the layer formed above as the electron 
injecting layer. 

[0133] The energy gap of DC5 (Eg1) is 2.57 eV and 
smaller than the energy gap (Eg2) of Alq Which is 2.7 eV. 
The ioniZation energy of DC5 (IPl) is 5.6 eV and smaller 
than the ioniZation energy (IP2) of Alq Which is 5.7 eV. The 
electron affinity of DC5 (Afl) is 3.0 eV and the same as the 
electron af?nity (Af2) of Alq Which is 3.0 eV. 

[0134] Then, LiF Which Was an alkali metal halide Was 
vapor deposited so that a layer having a thickness of 0.3 nm 
Was formed on the above layers and aluminum Was vapor 
deposited so that a layer having a thickness of 100 nm Was 
formed on the layer of LiF. The layers of LiF and Al Worked 
as the cathode. An organic EL device Was prepared as 
described above. 

[0135] The prepared organic EL device Was tested by 
passing an electric current. Reddish orange light emission 
having a luminance of 110 cd/m2 Was obtained at a voltage 
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of 4.5 V and a current density of 2.46 mA/cm2. The 
chromaticity coordinates Were (0.6039, 0.3931) and the 
efficiency of light emission Was 4.47 cd/A. The device Was 
tested by continuously passing a current constantly at an 
initial luminance of 500 cd/m2 and the half-life time Was 
found to be as long as 3,120 hours. 

Example 2 

[0136] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that DC5 and Alq Were used for forming the layer of 
an organic light emitting medium in amounts such that the 
ratio of the amount by Weight of DC5 to the amount by 
Weight of Alq Was 44.41556. 

[0137] The prepared organic EL device Was tested by 
passing an electric current. Red light emission having a 
luminance of 109 cd/M2 Was obtained at a voltage of 4.0 V 
and a current density of 2.71 mA/cm2. The chromaticity 
coordinates Were (0.5886, 0.4072) and the efficiency of light 
emission Was 4.02 cd/A. The device Was tested by continu 
ously passing a current constantly at an initial luminance of 
500 cd/m2 and the half-life time Was found to be as long as 
3,760 hours. 

Example 3 

[0138] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that DC5 and Alq Were used for forming the layer of 
an organic light emitting medium in amounts such that the 
ratio of the amount by Weight of DC5 to the amount by 
Weight of Alq Was 28.61714 

[0139] The prepared organic EL device Was tested by 
passing an electric current. Red light emission having a 
luminance of 124 cd/m2 Was obtained at a voltage of 4.0 V 
and a current density of 2.96 mA/cm2. The chromaticity 
coordinates Were (0.5741, 0.4228) and the efficiency of light 
emission Was 4.19 cd/A. The device Was tested by continu 
ously passing a Was found to be as long as 4,100 hours. 

Example 4 

[0140] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that DC5 and Alq Were used for forming the layer of 
an organic light emitting medium in amounts such that the 
ratio of the amount by Weight of DC5 to the amount by 
Weight of Alq Was 12:88. 

[0141] The prepared organic EL device Was tested by 
passing an electric current. Red light emission having a 
luminance of 135 cd/m2 Was obtained at a voltage of 4.5 V 
and a current density of 3.0 mA/cm2. The chromaticity 
coordinates Were (0.5652, 0.4352) and the efficiency of light 
emission Was 4.50 cd/A. The device Was tested by continu 
ously passing a current constantly at an initial luminance of 
500 cd/m2 and the half-life time Was found to be as long as 
2,900 hours. 

Comparative Example 1 

[0142] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that DC5 and Alq Were used for forming the layer of 
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an organic light emitting medium in amounts such that the 
ratio of the amount by Weight of DC5 to the amount by 
Weight of Alq Was 24:97.6. 

[0143] The prepared organic EL device Was tested by 
passing an electric current. A current of 1.30 mA/cm2 Was 
observed at a voltage of 6 V. The applied voltage Was higher 
than those for the organic EL devices of Examples 1 to 4. 
The luminance Was 173 cd/m2, the chromaticity coordinates 
Were (0.5416, 0.4550) and the efficiency of light emission 
Was 8.78 cd/A. The purity of red light Was insufficient in 
comparison With those in Examples 1 to 4. The device Was 
tested by continuously passing a current constantly at an 
initial luminance of 500 cd/M2 and the half-life time Was 
found to be 970 hours. The half-life Was much shorter than 
those in Examples 1 to 4. 

Comparative Example 2 

[0144] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that DC5 and Alq Were used for forming the layer of 
an organic light emitting medium in amounts such that the 
ratio of the amount by Weight of DC5 to the amount by 
Weight of Alq Was 48:952. 

[0145] Using the prepared organic EL device, the voltage 
shoWing the same luminance as that of the device of 
Comparative Example 1 Was measured and found to be 7.3 
V. The voltage Was higher than that of the device of 
Comparative Example 1. 

Comparative Example 3 

[0146] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that DCS and Alq Were used for forming the layer of 
an organic light emitting medium in amounts such that the 
ratio of the amount by Weight of DC5 to the amount by 
Weight of Alq Was 9.1:90.9. 

[0147] Using the prepared organic EL device, the voltage 
shoWing the same luminance as that of the device of 
Comparative Example 1 Was measured and found to be 7.1 
V. The voltage Was higher than that of the device of 
Comparative Example 1. 

[0148] It can be concluded from the results in Compara 
tive Examples 2 and 3 that Alq Worked as the trap for holes 
transported from DC5 and the applied voltage increased. In 
contrast, devices in Which DC5 Was added in an amount 
exceeding 10% by Weight shoWed a remarkable decrease in 
the voltage. It can be concluded that the voltage decreased 
since DC5 Worked as a compound having the hole trans 
porting property and holes could be transported at a high 
efficiency. 

Comparative Example 4 

[0149] An organic EL device Was prepared in accordance 
With the same procedures as those conducted in Example 1 
except that TPD (N,N‘-bis(m-methylphenyl)-N,N‘-diphenyl 
1,1‘-biphenyl-4,4‘-diamine) having an energy gap (Eg1) of 
3.0 eV Was used in place of DC5. 

[0150] The prepared organic EL device Was tested by 
passing an electric current. Green light emission having a 
luminance of 56 cd/m2 Was obtained at a voltage of 5.6 V 
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and a current density of 2.8 mA/cm2. The efficiency of light 
emission Was 2.0 cd/A. The device Was tested by continu 
ously passing a current constantly at an initial luminance of 
500 cd/m2 and the half-life time Was found to be as short as 
130 hours. Therefore, the device in Example 1 Was superior 
to the device in Comparative Example 4 With respect to both 
of the efficiency of light emission and the life. Thus, it is 
shoWn that an organic EL device in the condition of 
Eg1§Eg2 has a problem in practical applications. 

INDUSTRIAL APPLICABILITY 

[0151] As described in detail in the above, in accordance 
With the present invention, the organic EL device having a 
longer life and emitting light at a higher efficiency than those 
of conventional EL devices can be obtained. The organic EL 
device of the present invention can be advantageously used, 
for example, for displays of information instruments. 

What is claimed is: 
1. An organic electroluminescence device comprising a 

pair of electrodes and a layer of an organic light emitting 
medium disposed betWeen the pair of electrodes, Wherein 
the layer of an organic light emitting medium comprises a 
mixed layer comprising (A) at least one compound selected 
from hole transporting compounds and (B) at least one 
compound selected from electron transporting compounds 
in amounts such that a ratio of an amount of component (A) 
to an amount of component (B) is in a range of 8:92 to 92:8 
and an energy gap of the hole transporting compound 
represented by Eg1 and an energy gap of the electron 
transporting compound represented by Eg2 satisfy a rela 
tion: 

Eg1<Eg2. 

2. An organic electroluminescence device according to 
claim 1, Wherein an ioniZation energy of the hole transport 
ing compound represented by IP1 and an ioniZation energy 
of the electron transporting compound represented by IP2 
satisfy a relation: 

3. An organic electroluminescence device according to 
claim 2, Wherein an electron affinity of the hole transporting 
compound represented by Af1 and an electron affinity of the 
electron transporting compound represented by Af2 satisfy a 
relation: 

and AEv given by AEv=IP2-IP1 and AEc given by 
AEc=Af2-AF1 satisfy a relation: 

AEVEAEC 

4. An organic electroluminescence device according to 
claim 2, Wherein an electron affinity of the hole transporting 
compound represented by Af1 and an electron affinity of the 
electron transporting compound represented by Af2 satisfy a 
relation: 

and AEv given by AEv=IP2-IP1 and AEc given by 
AEc‘=Af1-AF2 satisfy a relation: 

AEVEAEC' 

5. An organic electroluminescence device according to 
claim 1, Wherein the hole transporting compound is an 
aromatic amine having condensed cyclic structures. 
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6. An organic electroluminescence device according to 
claim 5, wherein the aromatic amine is represented by 
following general formula (1): 

(1) 
Ar1 Ar3 

Ar2 Ar4 

Wherein Ar1 to Ar4 each independently represent a substi 
tuted or unsubstituted aromatic hydrocarbon group having 6 
to 40 carbon atoms or a substituted or unsubstituted aromatic 

heterocyclic group having 3 to 40 carbon atoms, Y repre 
sents a substituted or unsubstituted aromatic residue group 

having 2 to 60 carbon atoms, at least one of the groups 
represented by Ar1 to Ar4 and Y has a condensed cyclic 
group having 3 or more rings and a substituent in the groups 
represented by Ar1 to Ar4 and Y may form a ring With tWo 
groups selected from the groups represented by Ar1 to Ar4 
and Y 

7. An organic electroluminescence device according to 
claim 5, Wherein the aromatic amine is represented by 
folloWing general formula (2): 

(2) 
Ar1 

Ar3 
N N 

Ar6 Ar4 

Wherein Ar1 to Ar6 each independently represent a substi 
tuted or unsubstituted aromatic hydrocarbon group having 6 
to 40 carbon atoms or a substituted or unsubstituted aromatic 

heterocyclic group having 3 to 40 carbon atoms, Z repre 
sents a substituted or unsubstituted aromatic residue group 
having 3 to 60 carbon atoms, at least one of the groups 
represented by Ar1 to Ar6 and Z has a condensed cyclic 
group having 3 or more rings and a substituent in the groups 
represented by Ar1 to Ar6 and Z may form a ring With tWo 
groups selected from the groups represented by Ar1 to Ar6 
and Z. 

8. An organic electroluminescence device according to 
claim 1, Wherein the electron transporting compound is a 
heterocyclic compound having a nitrogen atom or a compleX 
having a nitrogen atom. 

9. An organic electroluminescence device according to 
claim 8, Wherein the complex having a nitrogen atom is 
represented by folloWing general formula (3): 

M—AmBn (3) 

Wherein M represents a monovalent to trivalent metal, A 
represents a ligand having a nitrogen atom, B repre 
sents a ligand having no nitrogen atoms, m represents 
an integer of 1 to 4, n represents an integer of 0 to 2 and 
integers represented by m and n satisfy m+n§4. 

10. An organic electroluminescence device according to 
claim 9, Wherein the ligand having a nitrogen atom is 
represented by folloWing general formula (4): 
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(4) 

Wherein R2 to R7 each independently represent hydrogen 
atom, a halogen atom, hydroXyl group, a substituted or 
unsubstituted amino group, nitro group, cyano group, a 
substituted or unsubstituted alkyl group having 1 to 30 
carbon atoms, a substituted or unsubstituted alkenyl group 
having 2 to 30 carbon atoms, a substituted or unsubstituted 
cycloalkyl group having 5 to 30 carbon atoms, a substituted 
or unsubstituted alkoXyl group having 1 to 30 carbon atoms, 
a substituted or unsubstituted aromatic hydrocarbon group 
having 6 to 40 carbon atoms, a substituted or unsubstituted 
aromatic heterocyclic group having 3 to 40 carbon atoms, a 
substituted or unsubstituted aralkyl group having 7 to 40 
carbon atoms, a substituted or unsubstituted aryloXyl group 
having 6 to 40 carbon atoms, a substituted or unsubstituted 
alkoXycarbonyl group having 2 to 40 carbon atoms or 
carboXyl group and tWo groups selected from the groups 
represented by R2 to R7 may form a ring. 

11. An organic electroluminescence device according to 
claim 1, Wherein the electron transporting compound is 
represented by folloWing general formula (5): 

Wherein A1 and A2 each independently represent a sub 
stituted or unsubstituted monophenylanthryl group or a 
substituted or unsubstituted diphenylanthryl group and 
may represent a same group or different groups and L 
represents a single bond or a divalent bonding group; or 
by folloWing general formula (6): 

Wherein An represents a substituted or unsubstituted 
anthracene residue group and A3 and A4 each indepen 
dently represent a substituted or unsubstituted monova 
lent condensed aromatic cyclic group having 10 to 40 
carbon atoms or a substituted or unsubstituted aryl 
group having no condensed cyclic structures and hav 
ing 12 to 40 carbon atoms and may represent a same 
group or different groups. 

12. An organic electroluminescence device according to 
claim 1, Wherein the electron transporting compound is a 
cyclic derivative having Si. 

13. An organic electroluminescence device according to 
claim 1, Wherein the miXed layer in the layer of an organic 
light emitting medium further comprises (C) a ?uorescent 
compound. 

14. An organic electroluminescence device according to 
claim 13, Wherein the layer of an organic light emitting 
medium comprises component (A), component (B) and 
component (C) in amounts such that a ratio of a total amount 
by Weight of component (A) and component (B) to an 
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amount by Weight of component (C) is in a range of 100:1 
to 10:1. 

15. An organic electroluminescence device according to 
claim 1, Wherein a layer of a chalcogenide, a metal halide or 
a metal oxide is disposed on a surface of at least one of the 
pair of electrodes. 

16. An organic electroluminescence device according to 
claim 1, Wherein a miXed region of a reducing dopant and 
the electron transporting compound or a miXed region of an 
oXidiZing dopant and the hole transporting compound is 
disposed on a surface of at least one of the pair of electrodes. 

17. An organic electroluminescence device according to 
claim 1, Wherein a Work function WF of an anode Which 
injects holes into the layer of an organic light emitting 
medium an d an ioniZation energy of the hole transporting 
compound IP1 satisfy a relation: 

Jul. 25, 2002 

18. An organic electroluminescence device comprising a 
pair of electrodes and a layer of an organic light emitting 
medium disposed betWeen the pair of electrodes, Wherein 
the layer of an organic light emitting medium comprises a 
miXed layer comprising (A) at least one compound selected 
from hole transporting compounds and (B) at least one 
compound selected from electron transporting compounds 
and an energy gap of the hole transporting compound 
represented by Eg1 and an energy gap of the electron 
transporting compound represented by Eg2 satisfy a rela 
tion: 

and holes are transported in the layer of an organic light 
emitting medium With the hole transporting compound. 


