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(57) ABSTRACT

A blue organic light emitting diode (LED) comprises a
cathode formed on a substrate, a light emitting layer formed
on said cathode, and an anode formed on said light emitting
layer, which is characterized in that said light emitting layer
comprises a compound of the following formulas I or II:

wherein Ar, and Ar, independently are substituted or unsub-
stituted isochrysenyl

Ar,—Ar, I

Ar,—Ar,—Ar, I
(triphenylenyl), anthracenyl, naphthalyl, biphenyl, pyrenyl,
or phenanthrenyl; Ars is substituted or unsubstituted phe-
nylene, biphenylene, naphthylene, anthracenylene, or fluo-
renylene.
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AROMATIC COMPOUNDS AND ORGANIC LIGHT
EMITTING DIODES

BACKGROUND OF THE INVENTION

[0001] Researches on the organic LEDs started by Pope, et
al. in 1963 (J. Chem. Phys. 38 (1963) 2042). They used
anthracene as a monolithic light emitting material, which
could emit blue light under a high voltage. Since then,
despite of improvements carried out by a few researchers
(Phys. Rev. Lett. 14 (1965) 229; Sol. State Comm. 32 (1979)
683; Thin Solid Films 94 (1982) 476), the operating voltage
was still too high, and the efficiency of energy conversion
was still too low, preventing such materials from being used
for practical purposes.

[0002] In 1987, Tang, et al. (Appl. Phys. Lett., 51 (1987)
914) used a vapor deposition technique to produce an
organic LED with a structure of ITO/Diamine/Alq,/Mg:Ag,
wherein ITO was a conductive transparent indium/tin oxide,
and Alqg, was tris(8-hydroxyquinoline) aluminum. Because
such an organic LED had an external quantum efficiency of
1% and a high brightness of 1000 cd/m*> (10V), researches
and developments on the organic LEDs accelerate since
then. Two years later, a research group in the Carvendish
Laboratory of the Cambridge University in England used
PPV as a light emitting material to make a LED having a
structure of ITO/PPV/Ca, which emitted an olive color with
a quantum efficiency of 0.05%, wherein ITO is a positive
electrode, Ca is a negative electrode, and the PPV is
poly(phenylene vinylene) (Nature, 347(1990) 539; U.S. Pat.
No. 5,247,190 (1993); 5,425,125 (1995); 5,401,827 (1995)).

[0003] A primitive organic LED has a single organic layer,
which is an organic light emitting layer disposed between a
transparent clectrode (as a positive electrode) and a metal
electrode (as a negative electrode). In order to improve the
light emitting efficiency of the organic LED, one LED can
have two organic layers, wherein the first layer is a hole
transporting layer and the second layer is the organic light
emitting layer, or the first layer is the organic light emitting
layer and the second layer is an electron transporting layer.
Some LEDs may have three organic layers, which sequen-
tially are the hole transporting layer, the organic light
emitting layer, and the electron transporting layer. The light
emitting process of such LEDs is described in the following:
After the application of a positive bias, holes and electrons
are separately emitted from the positive and the negative
electrodes driven by an electric field resulting from the
positive bias, which, after overcoming individual energy
barriers, encounter each other in the light emitting layer and
form excitons. The excitons rapidly decay radiantly back to
the base state while emitting light. Such a LED is a type of
Schottky characteristics.

[0004] Ewven though there are many blue LEDs have been
proposed, only very few of them have a high brightness,
excellent CIE coordinates, and a high efficiency. Among
known OLED materialst ), Alq, was the most popular
dopant for green and red OLEDs. However, the energy gap
between HOMO and LUMO of Alqs, is too smalll” such that
Algs is not suitable to be used as a blue dopant. Therefore,
for the development of full color displays with blue, green
and red light, it was crucial to find a blue emitter that is
stable and reliable and has a high efficiency.[*]
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SUMMARY OF THE INVENTION

[0013] A primary objective of the present invention is to
provide an organic compound that can be used as a light
emitting layer and a hole transporting layer for a blue LED.
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A blue LED produced from such a material shows a high
brightness, high external quantum and current efficiency,
and excellent CIE coordinates.

[0014] The present invention relates to a bi-molecular
aromatic compound with a main structure of formula (I):

Ar,—Ar, I

[0015] wherein Ar; and Ar, are a same polypenyl or
independently are different polyphenyls, e.g. isochrysenyl
(triphenylenyl), anthracenyl, naphthalyl, biphenyl, pyrenyl,
phenanthrenyl, etc., having one or more substituents of the
following functional groups, e.g. alkyl, cyano, phenyl, halo,
and methoxy, etc.

[0016] Furthermore, an aryl (Ar;) is optionally inserted
between the two polyphenyls, Ar; and Ar,, so that the
aromatic compound of the present invention has the follow-
ing formula II:

Ar,—Ar;—Ar, I

[0017] wherein Ar, and Ar, are defined as above; Ars is
selected from the group consisting of phenylene, biphe-
nylene, naphthylene, anthracenylene, and fluorenylene, etc.
Ar; may have one or more substituents of the following
functional groups, e.g. alkyl, silyl, cyano, substituted or
unsubstituted phenyl, and methoxy.

[0018] The present invention provides an organic light
emitting diode, which comprises: a positive electrode
formed on a substrate; a negative electrode; and a light
emitting layer disposed between said positive electrode and
said negative electrode, wherein said light emitting layer
comprises a compound having the aforesaid formula I or II.

[0019] Preferably, the organic light emitting diode further
comprises an electron transporting layer formed between
said light emitting layer and said negative electrode. More
preferably, said light emitting layer is also a hole transport-
ing layer, or the organic light emitting diode further com-
prises a hole transporting layer formed between said positive
electrode and said light emitting layer.

[0020] Preferably, the organic light emitting diode further
comprises a hole injection modification layer formed
between said positive electrode and said hole transporting
layer.

[0021] Preferably, said light emitting layer is a compound
having the formula I, and Ar, and Ar, are the same. More
preferably, said compound having formula I is a compound
having the following formula Ia-1 or Id-1:

[a-1
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-continued

0
oMo

[0022] Preferably, said light emitting layer is a compound
having the formula II, and Ar, and Ar, are the same, and
more preferably, Ary is phenylene. Most preferably, said
compound having formula II is a compound having the
following formula Ila-1 or IIb-1:

DETAILED DESCRIPTION OF THE
INVENTION

[0023] The present invention will be further elaborated by
the following preferred embodiments of the present inven-
tion, wherein (Ia)~(Ii) are examples of the compound I,
(Ila)~(1Ix) are examples of the compound II:

Ry
/\/
x x
X
Rz
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[0024] wherein Ar,=Ar,=isochrysenyl (triphenylenyl), R, [0028] wherein Ar,=isochrysenyl (triphenylenyl), Ar,=
and R, independently are hydrogen, C1-C6 alkyl, or cyano; pyrenyl, R, is hydrogen, C1-C6 alkyl, or cyano;

(1b) 3]

[0029] Ar,=isochrysenyl (triphenylenyl), Ar, is an aryl
shown in the above, g

[0025] wherein Ar,=Ar,=anthracenyl, R; and R, indepen-
dently are hydrogen, C1-C6 alkyl, or cyano,

(10)

[0026] wherein Ar, and Ar, are identical aryl shown in the [0030] wherein Ar, is aryl shown in the above, and Ar,=
above, R, and R, independently are hydrogen, C1-C6 alkyl, pyrenyl;

Or ¢yano, I

[0031] Ar, is an aryl with a structure shown in the above;
Ar,=phenanthrenyl,;

(Th)

()

[0027] wherein Ar, and Ar, are identical aryl shown in the
above, R, and R, independently are hydrogen, C1-C6 alkyl,
or cyano;

(1e)

[0032] wherein Ar, is aryl with a structure shown in the
above, Ar,=pyrenyl, and R, is hydrogen, C1-C6 alkyl, or
cyano;
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[0033] wherein Ar; phenylene, Ar;=Ar,=isochrysenyl [0035] wherein Ars=phenylene, Ar; and Ar, are aryl with
(triphenylenyl), R, and R, independently are hydrogen, a structure shown in the above, R, and R, independently are
C1-C6 alkyl, or cyano; hydrogen, C1-C6 alkyl, or cyano;

(11d)

(1Ib)

[0036] wherein Ary=phenylene, Ar,=Ar,=phenanthrenyl,
[0034] wherein Ars=phenylene, Ar,=Ar,=pyrenyl, R, is R and R, independently are hydrogen, C1-C6 alkyl, or
hydrogen, C1-C6 alkyl, or cyano; cyano;
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[0037] wherein Ars=phenylene, Ar,; and Ar, are aryl with
a structure shown in the above, R, and R, independently are
hydrogen, C1-C6 alkyl, or cyano;

(If)

[0038] wherein Ar; biphenylene, Ar,=Ar,=isochrysenyl
(triphenylenyl), R, and R, independently are hydrogen,
C1-C6 alkyl, or cyano; (i)

[0039] wherein Ary=biphenylene, Ar,=Ar,=pyrenyl, R is
hydrogen, C1-C6 alkyl, or cyano;

[0040] wherein Ars=biphenylene, Ar; and Ar, are aryl
with a structure shown in the above, R; and R, indepen-
dently are hydrogen, C1-C6 alkyl, or cyano,

Apr. 22, 2004
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[0041] wherein Ars=biphenylene, Ar,=Ar,=anthracenyl,

R and R, independently are hydrogen, C1-C6 alkyl, or
1

cyano;

(I

[0042] wherein Ars=biphenylene, Ar,=Ar,=phenanthre-
nyl, R; and R, independently are hydrogen, C1-C6 alkyl, or
cyano;
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(IIm)

[0045] wherein Arj=anthracenylene, Ar,=Ar,=anthrace-
nyl, R, is hydrogen, C1-C6 alkyl, or cyano;

[0043] wherein Ar;=biphenylene, Ar; and Ar, are an aryl
with a structure shown in the above, R; and R, indepen-
dently are hydrogen, C1-C6 alkyl, or cyano,

am

[0044] wherein Arj=anthracenylene, Ar,=Ar, isochryse-
nyl (triphenylenyl), R, is hydrogen, C1-C6 alkyl, or cyano;

(IIn)

[0046] wherein Ary=anthracenylene, Ar,=Ar,=phenan-
threnyl, R, is hydrogen, C1-C6 alkyl, or cyano;

(Ilo)

[0047] wherein Ar,=anthracenylene, Ar, and Ar, are an
aryl with a structure shown in the above, R, is hydrogen,
C1-C6 alkyl, or cyano;
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[0050] wherein Ar; naphthylene, Ar, and Ar, are aryl with
a structure shown in the above, R is hydrogen, C1-C6 alkyl,
(IIp) or cyano;

(Is)

[0051] wherein Ar; naphthylene, and Ar,=Ar,=pyrenyl;

[0048] wherein Ary=naphthylene, Ar;=Ar,=isochrysenyl
(triphenylenyl), R, is hydrogen, C1-C6 alkyl, or cyano;

[0052] wherein Arj=fluorenylene, Ar,=Ar,=isochrysenyl
(triphenylenyl), R, is hydrogen, C1-C6 alkyl, or cyano;

[0049] wherein Arg=naphthylene, Ar,=Ar,=anthracenyl,
R is hydrogen, C1-C6 alkyl, or cyano;

[0053] wherein Ar,=fluorenylene, Ar,=Ar,=anthracenyl,
R is hydrogen, C1-C6 alkyl, or cyano;
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[0054] wherein Ars=fluorenylene, Ar; and Ar, are aryl
with a structure shown in the above, R, is hydrogen, C1-C6
alkyl, or cyano;

(IIw)

[0055] wherein Ar;=fluorenylene, Ar,=Ar,=phenanthre-
nyl, R, is hydrogen, C1-C6 alkyl, or cyano;

(IIx)

[0056] wherein Ars=fluorenylene, Ar,=Ar,=pyrenyl.

L s

EXAMPLES

[0057] The present invention will be described in greater
detail by the following examples.

[0058] The synthesis methods of the abovementioned
materials were classified in the following: Ia, Ib, Ic, Id and
derivatives thereof could be synthesized by a same method;
le, If, Ig, Ih, Ii, Ila, IT¢, Ile, IIf, IIh, IIi, IIj, LIk, II1, IIm, IIn,
Ilo, IIp, l1g, I, IIt, [Tu, ITv, ITw and derivatives thereof could
be synthesized by a same method; and Ilb, IIg, IIs, IIx and
derivatives thereof could be synthesized by a same method.

[0059] The following examples synthesized [a-1(R,=R,=
H; 2,2'-bitriphenylenyl), Ia-2 (R;=R,=CH,; 4,4'-Dimethyl-
[2,2']bitriphenylenyl), Id-1(R,=R,=H), Ila-1(R,=R,=H) and
IIb-1 (R;=H).

[0060] Compounds III to V of the following formulae
were used in Example 1 to Example 5:

I
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-continued
v
v
Example 1
Synthesis of Ta-1 (R,=R,=H)2,2"-Bitriphenylenyl)
[0061]
Ia-1

[0062] 2.44 g (10 mmol) of II1, 1.31 g (20.0 mmol) of zinc
powder and 0.14 g (0.25 mmol) of Pd(dba), were placed in
a 250 ml two-necked reaction bottle. Vacuum was developed
in the reaction bottle then nitrogen was introduced into the
reaction bottle, and this cycle was repeated a few times. 40
ml of toluene was introduced into the reaction bottle, and the
resulting mixture was mixed at room temperature for about
3 minutes. After the color of the solution had changed from
purple to light yellow, the reaction bottle was placed in an
ice water bath for cooling. 1.80 g (15.0 mmol) of trichlo-
rosilane was dripped into the reaction bottle in about 30
seconds. Upon completion of the introduction of trichlorosi-
lane, the reaction bottle was removed from the ice water
bath, and the reaction mixture was stirred at room tempera-
ture for 6 hours. The reacted solution was filtered with silica
gel and diatomite, and was washed with dichloromethane.
The combined filtrate was concentrated on a rotary evapo-
rator. The resulting solid was separated on a silica gel
column by using a mixture of ethyl acetate and hexane as
cluent (ethyl acetate:hexane=1:5). After separation, 1.81 g of
a pale yellow product [Ia-1] was obtained with a yield of
80%. Mp.: 356° C. '"H NMR (400 MHz, CDCL,): [ppm]:
9.06(d, J=2 Hz, 2H), 8.87-8.81 (m, 4H), 8.75-8.70 (m, 6H),
8.12 (dd, J=1.6, 8.4 Hz, 2H), 7.74-7.70 (m, 8H). >*C-NMR
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(125 MHz, CDCL,):8[ppm]: 139.88, 130.25, 130.12, 129.88,
129.81, 129.64, 129.12, 127.47, 127.38, 127.35, 126.62,
124.08, 123.45, 123.43, 123.40, 122.08. HRMS (EI*): cal-
culated value (C,.H,s): 454.1722, experimental value:
(IM]") 454.1722.

Example 2
Synthesis of Ia-2 (R,=R, CH,)

[0063] s

[0064] 2.72 g (10 mmol) of IV, 1.31 g (20.0 mmol) of zinc
powder and 0.14 g (0.25 mmol) of Pd(dba), were placed in
a 250 ml two-necked reaction bottle. Vacuum was developed
in the reaction bottle then nitrogen was introduced into the
reaction bottle, and this cycle was repeated a few times. 40
ml of toluene was introduced into the reaction bottle, and the
resulting mixture was stirred at room temperature for about
3 minutes. After the color of the solution had changed from
purple to yellow, the reaction bottle was cooled in an ice
water bath. 1.80 g (15.0 mmol) of trichlorosilane was
dripped into the reaction bottle in about 30 seconds. Upon
completion of the introduction of trichlorosilane, the reac-
tion bottle was removed from the ice water bath, and the
reaction mixture was stirred at room temperature for 6 hours.
The reacted solution was filtered with silica gel and diato-
mite, and was washed with dichloromethane. The combined
filtrate was concentrated on a rotary evaporator, and the
resulting solid product was purified by separation with a
silica gel column. The eluent used a mixed solvent of ethyl
acetate:hexane=1:5. After separation, a pale yellow solid
product was-obtained.

Example 3
Synthesis of Id-1 (R;=R,=H)
[0065]

Doy

[0066] 3.04 g (10 mmol) of V, 1.31 g (20.0 mmol) of zinc
powder and 0.14 g (0.25 mmol) of Pd(dba), were placed in
a 250 ml two-necked reaction bottle. Vacuum was developed
in the reaction bottle then nitrogen was introduced into the
reaction bottle, and this cycle was repeated a few times.
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After the color of the solution had changed from purple to
yellow, the reaction bottle was cooled in an ice water bath
for temperature reduction. 1.80 g (15.0 mmol) of trichlo-
rosilane was dripped into the reaction bottle in about 30
seconds. Upon completion of the introduction of trichlorosi-
lane, the reaction bottle was removed from the ice water
bath, and the reaction mixture was stirred at room tempera-
ture for 6 hours. The reacted solution was filtered with silica
gel and diatomite, and was washed with dichloromethane.
The combined filtrate was concentrated on a rotary evapo-
rator, and the resulting solid product was purified by sepa-
ration with a silica gel column. The eluent used was a mixed
solvent of ethyl acetate:hexane=1:5.

Example 4

Synthesis of ITa-1 (R;=R,=H)

[0067] 2.44 g (10 mmol) of III, 1.48 g (4.5 mmol) of
p-diiodobenzene, 1.31 g

[0068] (20.0 mmol) of zinc powder and 0.14 g (0.25
mmol) of Pd(dba), were placed in a 250 ml two-necked
reaction bottle. 40 ml of toluene and 10 ml of triethylamine
were introduced into the reaction bottle. Vacuum was devel-
oped in the reaction bottle then nitrogen was introduced into
the reaction bottle, and this cycle was repeated a few times.
The resulting mixture was stirred at room temperature for
about 3 minutes, and then was heated under refluxing for 16
hours. The reacted solution was filtered with silica gel and
diatomite, and was washed with dichloromethane. The com-
bined filtrate was concentrated on a rotary evaporator, and
the resulting solid product was purified by separation with a
silica gel column. The cluent used was a mixed solvent of
ethyl acetate:hexane=1:5. After separation, a pale yellow
solid product Ila-1 was obtained.

Example 5

Synthesis of 1Ib-1 (R,=H), 1,4-bipyrenylbenzene:
[0069]
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[0070] 1-Bromopyrene (2.00 g, 7.12 mmol) was dissolved
in anhydrous THF (150 ml) and anhydrous ether (150 ml).
The light yellow solution was cooled to —=78° C. in nitrogen.
n-Butyllithium (4.9 ml, 7.83 mmol) was slowly dripped into
the solution. At this time, the solution became murky. This
mixture was kept at —=78° C. for ten minutes, 0° C. for ten
minutes, and then =78° C. for thirty minutes. Then, triiso-
propyl borate (4.93 ml, 21.36 mmol) was slowly dripped
into the solution, and the mixture was kept at —=78° C. for
thirty minutes. Finally, the mixture underwent reaction at
room temperature for 1.5 days. Next, water was added into
the reaction mixture, and the resulting mixture was stirred
vigorously for one hour. The water layer and the organic
layer were separated, the water layer was then extracted by
ethyl ether (2x25 ml), and the organic layer was water
washed (2x50 ml). The combined organic solution was
contact with MgSO, to remove water, then filtered, and
concentrated on a rotary evaporator to obtain a pyrenebo-
ronic acid solid product.

NPB

[0071] 20 mmol of pyreneboronic acid, 3.29 g (10.0
mmol) of 1,4-diiodobenzene, and 0.065 g (0.25 mmol) of
PdCL(CH,CN), were placed in a 150 ml two-necked reac-
tion bottle. Vacuum was developed in the reaction bottle
then nitrogen was introduced into the reaction bottle, and
this cycle was repeated a few times. 40 ml of DMF was
introduced into the reaction bottle. The reaction temperature
was raised to 50° C. for 18 hours to complete the reaction. TPD

[0072] The reaction mixture was filtered with silica gel
and diatomite, and was washed with dichloromethane. The
combined filtrate was concentrated on a rotary evaporator,
the resulting solid product was purified by separation with a
silica gel column. The eluent used in a mixed solvent of
ethyl acetate:hexane=1:5. After purification, 1.81 g of a pale
yellow solid product 1,4-bipyrenylbenzene [IIb-1] was
obtained with a yield of 80%.

Example 6~Example 20 Q Q

SUS RGN
J
J
0 U0

§

[0073] Example 6~Example 20 are examples for the pro- HT-2
duction of organic light emitting diodes. The organic light
emitting diodes according to the present invention were all
prepared according to the following procedure: A glass sheet
was used as a substrate. The following elements were N

sequentially formed on the substrate: a positive electrode, a
hole injection modification layer (optional), a hole trans-
porting layer, a light emitting layer (wherein the hole trans-
porting layer and the light emitting layer could be an
identical layer), an electron transporting layer, and a nega-
tive electrode. The positive electrode was made of a con-
ductive indium-tin-oxide (ITO) with a thickness of about
100 nm. Prior to the evaporation deposition of the organic
layer, a commercial detergent and an organic solvent were N N
used for cleaning the ITO glass. Finally, the product was
processed with an UV-ozone cleaner.

[0074] The hole transporting layer could be made of a
material selected from: NPB (4,4'-bis[N-(1-naphthyl-1-)-N-
phenyl-amino]-biphenyl), TPD (1,4-bis[phenyl-m-tolyl]
aminobiphenyl), m-MTDATA (4,4',4"-tris(3-methylphe-
nylphenylamino)triphenylamine, and HT-2, which are
shown in the following formulas:

m-MTDATA
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[0075] The electron transporting layer could be made of a
material selected from: Algy and TPBI (2,2',2"-(1,3,5-ben- -continued

zenetriyltris-[ 1-phenyl-1H-benzimidazole]): /@\
N

5o

AN
Algs
m-MTDATA
N
Na N,
N N
TPBI
[0076] The hole injection modification layer could be
made of a material selected from: CuPc” m-MTDATA and
2-TNATA, which are shown in the following formulas: ) TNATA

[0077] During the production of the device, the evapora-
tion of the organic material and CuPc used a chamber
NN\ & N pressure of about 2x107% torr and an evaporation rate of

T about 0.1-0.4 nm/s. The thickness of the hole injection
= N_CL:I_N modification layer was about 10 nm. The hole injection layer
. ; had a thickness of about 5-70 nm. The thickness of the

IiI electron transporting layer was 5-60 nm. The negative

Na=” XN N electrode was made of a Mg Ag alloy (Mg: Ag=10:1),

wherein the deposition rate for magnesium was 10 AJs and
1 A/s for silver, and the thickness thereof was 50-200 nm.
Finally, a silver layer with a thickness of about 100 nm was
plated as a protective layer. The performance of the devices

CuPc fabricated in these examples were listed in Table 1; and the
structures thereof were shown in the following:
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Example 6
ITO/Ia-1 (40 nm)/Alg, (40 nm)/Mg:Ag=10:1

Example 7

ITO/CuPc (10 nm)/NPB (40 nm)/1a-1 (40 nm)/Alq,

(40 nm)/Mg:Ag=10:1
Example 8

ITO/CuPc (10 nm)/NPB (40 nm)/Ta-1 (40 nm)/
TPBI (20 nm)/Alg, (20 nm)/Mg: Ag=10:1

Example 9

ITO/m-MTDADA (10 nm)/NPB (40 nm)/Ta-1 (40

nm)/Alq, (40 nm).
Example 10
ITO/Ta-1 (40 nm)/TPBI (40 nm)/Mg:Ag=10:1
Example 11

ITO/CuPc (10 nm)/NPB (40 nm)/Ia-1 (40
nm)/TPBI (40 nm)/Mg:Ag=10:1

Example 12
ITO/TPD (40 nm)/Ta-1 (20 nm)/TPBI (40 nm)
Example 13
ITO/Ib (30 nm)/Alg, (40 nm)/Mg:Ag=10:1
Example 14

ITO/CuPc (10 nm)/NPB (50 nm)/a-1 (30
nm)/Alq, (40 nm)/Mg:Ag=10:1

Example 15
ITO/Ma-1 (30 nm)/TPBI (40 nm)/Mg:Ag=10:1
Example 16

ITO/CuPc (10 nm)/NPB (50 nm)/IIa-1 (30
nm)/TPBI (40 nm)/Mg:Ag=10:1

Example 17

ITO/CuPc (10 nm)/TPD (50 nm)/a-1 (30
nm)/TPBI (30 nm)/Mg:Ag=10:1

Example 18

ITO/CuPe (10 nm)/NPB (50 nm)/IIb-1 (30
nm)/TPBI (40 nm)/Mg:Ag=10:1

Example 19

ITO/CuPc (10 nm)/NPB(50 nm)/Id-1 (30 nm)/TPBI

(40 nm)/Mg:Ag=10:1
Example 20

ITO/CuPc (10 nm)/NPB (50 nm)/1a-2 (30
nm)/TPBI (40 nm)/Mg:Ag=10:1

Apr. 22, 2004

[0078]
TABLE 1
Maximum CIE
Brightness, efficiency,  coordinate (x, y)  Color of

Ex. cd/m? (volt) cd/A (volt) (6 V) light
Ex.6 22321 (11.9) 5.3 (85) (0.25, 0.53) green
Ex. 7 17839 (15.0) 3.4 (10.0) (0.16, 0.19) blue
Ex. 8 15858 (14.5) 2.7 (7.5) (0.14, 0.09) blue
Ex. 9 20474 (14.5) 3.6 (9.5) (0.16, 0.23) blue
Ex. 10 5843 (13.5) 1.2 (6.5) (0.15, 0.07) blue
Ex. 11 21215 (13.5) 3.1 (6.0) (0.15, 0.10) blue
Ex. 12 26096 (13.5) 4.1 (6.5) (0.15, 0.12) blue
Ex. 13 24221 (11.9) 5.8 (8.4) (0.25, 0.53) green
Ex. 14 25638 (11.9) 5.2 (8.9) (0.15, 0.20) blue
Ex. 15 17955 (11.4) 2.7 (6.4) (0.14, 0.14) blue
Ex. 16 44507 (13.4) 6.9 (7.9) (0.14, 0.20) blue
Ex. 17 32047 (11.4) 4.2 (6.9) (0.14, 0.19) blue
Ex. 18 46306 (12.4) 6.4 (6.4) (0.17, 0.31) blue green
Ex. 19 3220 (15.0) 1.6 (8.0) (0.15, 0.11) blue
Ex. 20 3945 (12.0) 1.1 (7.0) (0.14, 0.11) blue

[0079] The data in Table 1 show that the blue-light emit-
ting diodes fabricated according to the present invention
have a high brightness, a high external quantum and current
efficiency, and an excellent CIE coordinate.

What is claimed is:

1. An organic light emitting diode, which comprises: a
positive electrode formed on a substrate; a negative elec-
trode; and a light emitting layer disposed between said
positive electrode and said negative electrode, wherein said
light emitting layer comprises a compound having the
following formula I or II:

Ar,—Ar1, I
wherein Ar, and Ar, independently are substituted or

unsubstituted isochrysenyl, anthracenyl, naphthalyl,

biphenyl, pyrenyl, or phenanthrenyl;

Ar,—A,—Ar, 1T
wherein Ar; and Ar, are defined as above, and Arj is

substituted or unsubstituted phenylene, biphenylene,

naphthylene, anthracenylene, or fluorenylene.

2. The organic light emitting diode as claimed in claim 1
further comprising an electron transporting layer formed
between said light emitting layer and said negative elec-
trode.

3. The organic light emitting diode as claimed in claim 2
further comprising a hole transporting layer formed between
said positive electrode and said light emitting layer.

4. The organic light emitting diode as claimed in claim 2,
wherein said light emitting layer is also a hole transporting
layer.

§. The organic light emitting diode as claimed in claim 3
further comprising a hole injection modification layer
formed between said positive electrode and said hole trans-
porting layer.

6. The organic light emitting diode as claimed in claim 4
further comprising a hole injection modification layer
formed between said positive electrode and said light emit-
ting layer.

7. The organic light emitting diode as claimed in claim 1,
wherein said light emitting layer is a compound having the
formula I, and Ar; and Ar, are the same.

8. The organic light emitting diode as claimed in claim 7,
wherein said compound having formula I is a compound
having the following formula Ia-1 or Id-1:
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11. The organic light emitting diode as claimed in claim
10, wherein Ar; is phenylene.
[a-1 12. The organic light emitting diode as claimed in claim
11, wherein said compound having formula II is a compound
having the following formula Ia-1 or IIb-1:

s

9. The organic light emitting diode as claimed in claim 8,
wherein said compound having formula I is a compound

having the formula Ia-1.

10. The organic light emitting diode as claimed in claim
1, wherein said light emitting layer is a compound having

the formula II, and Ar, and Ar, are the same.
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