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LUMINESCENT MATERIAL FOR LIGHT
EMITTING DEVICE AND ORGANIC
ELECTROLUMINESCENT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a luminescent material
used for light emitting devices such as organic electrolumi-
nescent (EL) devices and electrochemiluminescent (ECL)
devices.

2. Related Art

In recent years, semiconductor circuits have had greater
density, and hence miniaturization and portability of sophis-
ticated information terminals are enabled. In such circum-
stances, researches on a display device of low-profile, light
weight and low power consumption are actively conducted.
For example, a liquid crystal display (LCD) is widely
applied to displays of small-sized portable devices and
notebook computers, and have developed such that it is even
replacement to a cathode ray tube (CRT) display. In addition,
as a display device of next generation type that can support
moving pictures, organic EL devices attract attention.

An electrochemiluminescent (ECL) device is also one of
such type of devices. Likewise the organic EL device, an
ECL device is also a self-luminescent device, and the
primary characteristic of the ECL device is that the light
emission is obtained from a solution.

As a luminescent material used for the above-mentioned
light emitting device such as organic EL device, those
exhibiting high brightness in response to applied voltage and
current, or those having high luminous efficiency are
requested. As such a luminescent material, materials which
emit light from the triplet state, such as Tris (2-phenylpy-
ridine) iridium: Ir(ppy); and the like, are known.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a novel
luminescent material for light emitting device having high
luminous efliciency and a light emitting device using the
same.

Luminescent materials for light emitting device according
to the present invention are iridium-containing organic metal
compounds represented by the following general formulae
(1) to (16) as follows:
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wherein R, R, and R, are H, C H,,,, (nis preferably an
integer of 1 1o 10, more preferably an integer of 1 to 5),

53 N(C,H,,,+1), (n is preferably an integer of 1 to 10, more
preferably an integer of 1 to 5), COOC H,,,, (n is prefer-
ably an integer of 1 to 10, more preferably an integer of 1
to 5), F, Cl, Br, 1, CN, an optionally substituted phenyl
group, an optionally substituted naphthyl group or a phenyl
methyl group, which may be the same or different from each
other. At least one of R, and R, may be N(C,H,, ), (nis an
integer of 1to 10), F, Cl, Br, 1, CN; an optionally substituted
phenyl group, an optionally substituted naphthyl group or a
55 phenyl methyl group. D is a ligand represented by the
following general formula (17) or (18).
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(18)

Therein R,, R and Ry are H, C H,,,,; (n is preferably an
integer of 1 to 10, more preferably an integer of 1 to 5),
N(C,H,,.,), (n is preferably an integer of 1 to 10, more
preferably an interger of 1 to 5), COOC H, ,, (n is prefer-
ably an integer of 1 to 10, more preferably an interger of 1
to 5), F, Cl, Br, 1, CN, CF;, a furyl group, a thienyl group,
an optionally subdtituted phenyl group or an optionally
substituted naphthyl group, which may be the same or
different from each other.

The luminescent materials of the present invention are
materials which emit light from the triplet state, and hence
have high luminous efficiency.

The luminescent materials represented by the general
formulae (1), (3), (5), (7), (9), (11), (13) and (15) can be
synthesized by a method described in “lnorg Chem. 1991,
30, pp.1685 to 1687.” To be more specific, they can be
systhesized by allowing iridium acetylacetonato (Ir(acac)s)
to react with a nitrogen containing compound which is to be
a ligand.

The luminescent material represented by the general
formulae (2), (4), (6), (8), (10), (12), (14) and (16) can be
synthesized by the method described in “J. Am. Chem. Soc.
2001, 123, pp. 4304 to 4312.” More specifically, the syn-
thesis can be achieved by causing a nitrogen containing
compound which is to be a ligand to react with an iridium
cholorate to synthesize a dimer bridged by chorine, and then
causing this dimer to react with a ligand D.

The Iuminescent material of the present invention can be
used as a luminescent material for organic EL devices and
ECL devices and the like. When used as a luminescent
material for organic EL device, it may be used as a dopant
which is contained in a luminescent layer together with a
host. The content when used as a dopant is preferably 0.5%
by weight or more, and more preferably in the range of 0.5
10 30% by weight, but not particularly limited thereto.

An organic EL device of the present invention is charac-
terized by containing the above-mentioned luminescent
material of the present invention in a luminescent layer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be described by way of
specific examples, however, it is to be noted that the present
invention is not limited to the following examples.

EXAMPLES 1 TO 14

An anode made of 1TO was formed on a glass substrate,
and a hole transfer layer, a luminescent layer, a hole pre-
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6

ventive layer, an electron transfer layer and a cathode were
formed thereon by vacuum deposition, to thereby produce
an organic EL device having a device structure of anode/
hole transfer layer/luminescent layer/hole preventive layer/
electron transfer layer/cathode.

As the anode, an 1TO film having a film thickness of 1000
A was formed. As the hole transfer layer, an NPB layer
having a thickness of 500 A was formed. As the luminescent
layer, a layer of CBP serving as a host to which 6.5% by
weight of dopant was added was formed so as to have a
thickness of 100 A. As the hole preventive layer, a BCP layer
having a thickness of 100 A was formed. As the electron
transfer layer, an Alq layer having a thickness of 300 A was
formed. As the cathode, a Mgln layer having a thickness of
2000 A was formed.

As the dopant to be contained in the luminescent layer,
Compounds 1 to 14 which are the luminescent materials of
the present invention and represented by the following
general formulae were used.

COMPOUND 1

X

P

\

Ir

Compound 1 has the structure as follows:
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—continued CBP used for the host of the luminescent layer is 4,4'-bis
COMPOUND 12 (carbazole-9-yl) -biphenyl and is a compound having the
following structure.

| x
AN 0=
/ N N,
Ir
N \o / 10 ' U
F CBP
BCP used for the hole preventive layer is 2,9-dimethyl-
! 4,7-diphenyl-1,10-phenanthroline and is a compound having
' the following structure.
2

()
L

w

COMPOUND 13
20
AN
C,H;
AN 0—
1/
! 25 CH CHL
D, 3 3
NC 0 BCP
C,Hs Alq used for the electron transfer layer is Tris(8-hydrox-
yquinolinato) aluminum, and is a compound having the
30 following structure.
x
N(CHz), 7
N
35 A\
COMPOUND 14 / N0 /o
Al
/
¢}
N
40 /
— 0= =
Alg
\ / COMPARATIVE EXAMPLE 1

An organic EL device was produced in the same manner
as the above-mentioned examples except that as the dopant
contained in the luminescent layer, 2,3,7,8,12,13,17,18-
octaethyl-21H,23H-porphyrin platinum (11) (PtOEP) which

s is a conventional luminescent material having the following

. . tructu d.
NPB used for the hole transfer layer is N,N'-di(naphtha- Struictitfe was e HyCs C,Hs

lene-1-y1)-N,N'-diphenyl-benzidine and is a compound hav-
ing the following structure.

55
HsC, CZHS
: : . . : : HsC CoHs
60 52
HsCy C,Hs
NPB 65
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1
[Evaluation of Luminous Characteristics of Organic EL
Devices]

With respect to the organic EL devices of Examples 1 to
14 and Comparative example 1 produced in the manner as
described above, a current of 10 mA/cm? was applied to
electrodes, and maximum brightness, luminous efficiency,
emission wavelength and chromaticity coordinates were
measured. Results of measurement are shown in Table 1.
Herein the concentration of the dopant indicated in Table 1
is 6.5% by weight.

TABLE 1

12

As 1s apparent from Table 2, high luminous efficiency is
achieved when the content of the dopant in the luminescent
layer is in the range of 0.5% by weight to 30% by weight.

EXAMPLES 19 TO 21

Organic EL devices were produced in the same manner as
in Example 1 except that TCPB, TCTA and 1AZM-Hex were
used as the host to be contained in the luminescent layer.

TCPB is 1,3,5-Tris(carbazole-9-yl)-benzene and is a com-
pound having the following structure.

Luminescent Laver Maximum Luminous

Emission

Chromaticity

Dopant Brightness Efficiency Wavelength  Coordinates
Host (Concentration) (cd/m?) (cd/A) (nm) x5)

Ex. 1 CBP Compound 1 (6.5%) 21,000 10.2 607 0.58,0.42
Ex. 2 CBP Compound 2 (6.5%) 22,000 11 606 0.58,0.42
Ex. 3 CBP Compound 3 (6.5%) 23,000 12 575 0.51,047
Ex. 4 CBP Compound 4 (6.5%) 23,100 12 574 0.50,0.47
Ex. 5 CBP Compound 5 (6.5%) 16,900 9.4 630 0.63,0.36
Ex. 6 CBP Compound 6 (6.5%) 15,900 9.3 629 0.63,0.36
Ex. 7 CBP Compound 7 (6.5%) 21,200 108 545 042,047
Ex. 8 CBP Compound & (6.5%) 22,000 1.1 543 0.42, 047
Ex. 9 CBP Compound 9 (6.5%) 12,000 8 648 0.66,0.33
Ex. 10 CBP Compound 10 (6.5%) 17,600 9.6 605 0.58,0.42
Ex. 11 CBP Compound 11 (6.5%) 15,000 9.2 492 0.19,0.28
Ex. 12 CBP Compound 12 (6.3%) 24,000 10.8 589 0.56, 0.43
Ex. 13 CBP Compound 13 (6.5%) 15,800 9.2 628 0.63,0.36
Ex. 14 CBP Compound 14 (6.5%) 15,300 9.1 603 0.58,0.42
Comp. Ex. 1 CBP PtOEP (8%) 1,200 0.8 657 0.68,0.31

As is apparent from Table 1, Examples 1 to 14 using the
luminescent materials of the present invention are superior
in luminous efficiency to Comparative example 1 using the 33
conventional luminescent material. The luminescent mate- .
rials of the present invention are considered as materials
which emit light from the triplet state since they are iridium-
containing organic metal compounds and have high lumi-
nous efficiency. 40

EXAMPLES 15 TO 18

Organic EL devices were produced in the same manner as
Example 1 except that the concentrations of Compound 1 to 43
be contained in the luminescent layer as the dopant were
0.5% by weight, 3% by weight, 15% by weight and 30% by
weight, respectively. N N

With respect to the organic EL devices thus produced,
maximum brightness, luminous efficiency, emission wave- 50
length and chromaticity coordinates were measured. Results
of measurement are shown in Table 2. Table 2 also shows the
result for Example 1. TCPB

TABLE 2
Luminescent Layer Maximum Luminous Emission  Chromaticity

Dopant Brightness Efficiency Wavelength  Coordinates

Host (Concentration) (cd/m?) (cd/A) (nm) (x,¥)
Bx. 1 CBP Compound 1 (6.5%) 21,000 10.2 607 0.58,0.42
Ex. 15 CBP Compound 1 (0.5%) 8,500 10.7 595 0.55,045
Ex. 16 CBP  Compound 1 (3%) 21,500 10.7 602 0.57,043
Ex. 17 CBP Compound 1 (15%) 17,000 9.6 630 0.65, 035
Bx. 18 CBP Compound 1 (30%) 13,500 10.7 630 0.65,0.35
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13
TCTA s 4,4', 4"-Tris (carbazole-9-yl)-triphenylamine and
is a compound having the following structure.

14
EXAMPLES 22 AND 23

In Example 22, an organic EL device was produced in the
same manner as Example 1 except that for the hole preven-

s .
tive layer, BAlq was used in place of BCP.
BAlq is bis-(2-methyl-8-quinolinolato)-4-(phenyl-pheno-
N lato) aluminum (I1T) and is a compound having the following
structure.
10
AN
/
N N CH3
15
O\ A
N N /|\l
0]
20
TCTA
. . . . . . 25
1AZM-Hex is (N,N'-disalicylidene-1,6-hexanediaminato)
zine (IT) and is a compound having the following structure.
O\ /O 30 BAlq
/Zn\
_N\’CH \' N In Example 23, an organic EL device was produced in the
e same manner as BExample 1 except that as the cathode
1 AZM-Hex 35 material, a cathode having a two-layer structure of LiF/Al
was used in place of Mgln.

With respect to the organic EL devices thus produced, With respect to the organic EL devices thus produced,
maximum brightness, luminous efliciency, emission wave- maximum brightness, luminous efficiency, emission wave-
length and chromaticity coordinates were measured. Results ~ length and chromaticity coordinates were measured. Results
of measurement are shown in Table 3. of measurement are shown in Table 4.

TABLE 3
Luminescent Layer Maximum Luminous  Emission  Chromaticity
Dopant Brightness Efficiency Wavelength ~ Coordinates
Host (Concentration) (cd/m?) (cd/A) (nm) x,5)
Ex. 19 TCPB  Compound 1 (6.5%) 22,000 10.3 630 0.65,0.35
Ex. 20 TCTA Compound 1 (6.5%) 20,000 9.9 630 0.65,0.35
Ex. 21 1AZM-Hex Compound 1 (6.5%) 21,000 10 630 0.65,0.35

As is apparent from Table 3, even when the host to be
contained in the luminescent layer was changed, high lumi- 53
nous efficiency is obtained.

TABLE 4
Luminescent Laver Hole Electron Maximum Luminous  Emission  Chromaticity
Dopant Preventive Transfer Brightness Efficiency Wavelength Coordinates
Host  (Concentration) Layer Layer Cathode  (cd/m?) (cd/A) (nm) %9
Ex.22 CBP Compound 2(6.5%) BAlg Alg Mgl 23,500 1 602 0.57, 043
Ex.23 CBP Compound 1(6.5%) BCP Alg  LiF/AL 35,000 15 602 057,043
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As 1s apparent from Table 4, high luminous efficiency is
obtained in both of the cases that BAlq is used as the
material for the hole preventive layer and that LiF/Al is used
as the cathode material.

By using the luminescent materials of the present inven-
tion, it is possible to improve the luminous efficiency in light
emitting devices such as organic EL devices and ECL
devices. Therefore, the luminescent materials of the present
invention are useful for light emitting devices in appliances
that are driven at low voltages such as portable devices.

What is claimed is:

1. A luminescent material for a light emitting device
represented by any one of the following general formulae 3

to 14:
formula 3:
O
S
z N
Ir
Ry
Ry
3
formula 4:
O
R3 _I
\
/ N
T
Ry
Ry
)

formula 5:
formula 6:
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formula 7:

formula 8:

formula 9:

formula 10:

formula 11:

16
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-continued
formula 12:
formula 13:
formula 14:

wherein R, R, and R; are H, C, H,,,, (nis an integer of 1
to 10), N(CH,,,,), (n is an integer of 1 to 10),
COOC,H,,,, (nis an integer of 1 to 10), F, Cl, Br, 1, CN,
an optionally substituted plenyl group, an optionally substi-
tuted naphthyl group or a phenyl methyl group, which may
be the same or different from each other, provided that at
least one of R, and R, is N(C H,, ), (nis an integer of 1
to 10), F, Cl, Br, 1, CN, an optionally substituted phenyl
group, an optionally substituted naphthyl group or a phenyl
methyl group; and D is a ligand represented by the following
general formulae 17 or 18:

formula 17:

Rs
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-continued

formula 18:

wherein R,, R and R are H, C H,,,,, (n is an integer of 1
to 10), N(C,H,,,,), (0 is an integer of 1 to 10),
COOC,H,,,,, (nis an integer of 1 to 10), F, Cl, Br, 1, CN,
CF,, a furyl group, a thienyl group, an opticnally substituted
phenyl group or an optionally substituted naphthyl group,
which may he the same or different from each other.

2. An organic electroluminescent device comprising a
luminescent layer containing the luminescent material
according to claim 1.

3. The organic electroluminescent device according to
claim 2, wherein said luminescent material is contained as a
dopant in said luminescent layer.

4. The luminescent material according to claim 1, repre-
sented by said formula 3.

5. The luminescent material according to claim 1, repre-
sented by said formula 4.

6. The luminescent material according to claim 1, repre-
sented by said formula 5.

7. The luminescent material according to claim 1, repre-
sented by said formula 6.

8. The luminescent material according to claim 1, repre-
sented by said formula 7.

9. The luminescent material according to claim 1, repre-
sented by said formula 8.

10. The luminescent material according to claim 1, rep-
resented by said formula 9.

11. The luminescent material according to claim 1, rep-
resented by said formula 10.

12. The luminescent material according to claim 1, rep-
resented by said formula 11.

13. The luminescent material according to claim 1, rep-
resented by said formula 12.

14. The luminescent material according to claim 1, rep-
resented by said formula 13.

15. The luminescent material according to claim 1, rep-
resented by said formula 14.

16. The luminescent material according to claim 1,
wherein at least one of R, and R, is F, CI, Br, 1 or CN.

17. The luminescent material according to claim 1,
wherein at least one of R, and R, is N(C,H,,,,), (n is an
integer of 1 to 10).



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 7,022,422 B2 Page 1 of 2
APPLICATION NO. : 10/376099

DATED : April 4, 2006

INVENTORC(S) : Hamada et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Title page,
Item [75], Inventors,

Line 1, replace “Nara” by --Ikoma-gun—;
Item [73], Assignee,
Line 1, replace “Moriquchi” by --Moriguchi--;

Colymn 5,
Line 18, replace “Therein” by --Therein,--;
Line 24, after “optionally”, replace “subdtituted” by --substituted--.

Column 12
Lines 33 to 53, replace the chemical structure diagram labeled “TCPB” with:

TCPB




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 7,022,422 B2 Page 2 of 2
APPLICATION NO. : 10/376099

DATED

: April 4, 2006

INVENTORC(S) : Hamada et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 13
Lines 4 to 24, replace the chemical structure diagram labeled “TCTA” with:

e

L

Column 18
Line 21, after “may”, replace “he” by --be--.

Signed and Sealed this

Twenty-eighth Day of November, 2006

N

JON W.DUDAS
Director of the United States Patent and Trademark Olffice




S
[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

BT RN EFENEY BB KRR S AR

US7022422 ASIHUN=! 2006-04-04
US10/376099 HiE A 2003-02-26
=FBENKNa

SANYO ELECTRIC CO. , LTD.

SANYO ELECTRIC CO. , LTD.

¥R & A HAMADA YUJI
MATSUSUE NORIYUKI
NISHIMURA KAZUKI
EBHA HAMADA, YUJI
MATSUSUE, NORIYUKI
NISHIMURA, KAZUKI
IPCH 5 HO05B33/14 C09K11/06 H01L51/50 CO7F15/00 HO1L51/00 HO1L51/30
CPCH¥5E CO07F15/0033 HO1L51/0085 CO9K11/06 Y10S428/917 C09K2211/1003 C09K2211/1007 CO9K2211
/1011 C09K2211/1014 CO9K2211/1029 CO9K2211/185 HO1L51/0059 HO1L51/0062 HO1L51/0077
H01L51/0081 HO1L51/5016
54 2002051802 2002-02-27 JP
H Ath LA FF SRk US20030194580A1
S\EBEEE Espacenet USPTO
BEGE) {0 Heferenees Clhed . i
ATHEUTER (1) % (2) RENALBRENRAME RAIFRE £ PTIOCRS y

WiEEER (3)ZF(16) %77, HHDEATHER (17) =® (18) SRR ALY I0Z Thowpaen ol At

JZONN0E ALY RIID Dkl alad o 3740

KRB R1ZERGIA A, SN A1 GO0 Har ool oo, 4006 i

CITHER, TUBLICATIONS &
o D, A e Syt Ronate D Che Ty /\

fion ol Setes of Sy, Phuorsbaciog Aenls B s |
O Metelited Comalees of Tk 1715 with Subati- 4
] 2 Pl s, Chen, 1991, 0, pp. TAR
ti 1687,

S Lasky et al, “Mhhle Posploreseent Thse
(ot e € mophases: Syibess, Mhobiphys
gl Chasevwsimaticn, and s in Orgasic: Tight Fatfng
;Ihlltllﬁl', T An Chem, S, .'C(H, |.’I\ . LA 41 and ':hmugh Rﬂ are s descibed e,
(i on Wb Ape, 13, 01

* e by exemiiny 17 (hulins, o Dieasings


https://share-analytics.zhihuiya.com/view/abc89be5-cea4-4b77-93c7-c3711a5fa652
https://worldwide.espacenet.com/patent/search/family/028663688/publication/US7022422B2?q=US7022422B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7022422.PN.&OS=PN/7022422&RS=PN/7022422

