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’ ~ DESCRIPTION

ORGI;:_NIC ELECTROLUMINESCENT ELEMENTS
TECHNICAL FIELD
The preéént invention relates to organic
electroluminescent (EL) elements.
Bgcxcnounn ART
It is considered that the light emission of an
organic electroluminescent elément is caused by a phendmenon
where holes and electrons injected from electrode are

recombined within a luminescent layer to generate excitons,

‘and the excitons excite molecules of luminescent materials

constituting the luminescent layer. By employing fluorescent
dye as a luminescent material, there can obtain an emission
spectrum, as an electroluminescence, being equivﬁlent to
photoluminescence of the dye molecules.

Tang.and Vanslyke recently proposed an e€lement
comprising two layers of a hole-transport layer and an
electron-transport luminescent layer which efficiently emits
green light at a lower voltage of about 10 V compared with a
conventional organic electroluminescent element of a single-
layer structure [C.W. Tang and S.A. Vanslyke; Appl. Phys.
Lett., 51 (1987) 913]. This element's sfrucfufe is, as shown
in Fig. 19 (a), composed of an anode 91, a hole—traﬁséort
layer 92, an electron-transport.luminesceﬁt layer 93 and a

Cathode 94, which are formed in this order on a glass
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gubstrate 90.

In this element, the.hole-transport layer 92 not
only allows holes to be injected from the anode 91 into the
electron-transport luminescent layer 93, but prevents
electrons injected from the cathode 94 from escaping into the
anode 91 without recombining with the holes, so that the
electrons'are contained into the electfon-transport
juminescent layer 93. Thus, the electron containment effect
due to the hole-transport layer 92 facilitates the
recombination of the holes and the electrons compared with the
conventional single—laye: structure element, resulting in a
substantial decrease in drive voltage.

Saito et al. showed that not only the electron-
transport layer bpt hole-transport layer can become the
luminescent layer in the two-layer structure element [C. -
Adachi, T. Tsutsui and S. Saito; Appl. Phys. Lett., 55 (1989)
1489]. '

Saito et al. also proposed a three-layer structure
organic electroluminescent element wherein an organic
luminescent layer is interposed between a hole-transport layer
" and an electron-transport layer [C. Adachi, S. Tokito, T.
Tsutsui and S. Saito; Jpn. J. Appl. Phys., 27 (1988) L269].

The two-layer structure element of Saito et al. is,
as shown in Fig. 19 (b), comﬁosea of an anode 91, a hole-

transport luminescent layer 95, an electron-transport layer 96
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and a.cathode 94, which are.formed in this ordér on a glasé
gul:strate 90. 1In contrast to the_previous eleﬁent, the
electron-transport layer 96 not only allow electrons to be
injected from the cathode 94 into the hole~transport
1umineséent layer 95, but'prevents.the holes injected from the
anode 91 from escaping into the cathode 94 avoiding the
recombination with the electrons, so that the holes are
contained into the hole-transport luminescent layer 95. This
‘hole containment effect dué to the electron-transport layer 96
10 realizes a substantial decrease in drive voltage likewise in
the previous element.

The_threé-layer structure element of Saito et al.
was attained by a further improvement in the element of Tang
et al. As shown in Fig. 19.(c), this element is composed of

5 an anode 91, a hole-tfansport layer 92, a luminescent layer
97, an electron-transport layer 96 and a cathode 94, which are
formed in this order on a glass substrate 90. The hole-
transport layer 92 contains electrons into the luminescent
layer 97, and the electron-transport layer 96 contains holes

) into the luminescent layer 97, so that the recombination of
the electrons and the holes in the luminescent layer 97 is
more efficient than the two-layer structure element.

Further, the glectron-transport layer 96 and the
hole-tranéport layer 92 prevent excitons generated by the

i above recombination from escaping into either an anode or a
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10

cathode. Therefore, the threeFlayer structure element of
gaito et al. increases luminous efficiency furthermore.

Examples of hole-transport material which constitute

the above organic electroluminescent elements are aromatic

tertiary amines such as triphenylamine. Examples of electron-
transport material aré oxadiazoles. Examples of luminescent
material are tetraphenybutadiene derivatives, tris(8-
quinolinolato)aluminum (I1I1) complex, distyrylbenzene
derivatives, distyrylbiphenyl derivatives.

Advantages of the abbve'organic electroluminescent
elements are that they can emit light of high luminance at a
lower voltage than a conventional electroluminescent element
employing inorganic luminescent material, and that they can
easily increase the surface area because the respective layers
can be formed not only by vacuum deposition but solution
application, and that they éan emit light of multi-color
depending upon moiecular design for organic molecule. Each
element, however, has the disadvantage that luminance decrease
significantly with a long-term emission. It is therefore the
urgent problems to improve stability and to extend the life.

In the meantime,'the cohventional electroluminescent
elements have the disadvantage that if is difficult to emit
blue light irrespective of ofganic/inorganic or single/plural

layer.

For example, the inorganic element has a problem
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that an inorganié light emission material with a wide band gap
required for blue light emission is limited. Moreover, such a
material is often accompanied by technical difficulties in
crystal growth or thin £ilm production, thereby making it
difficult to produce an element from this material.

On the other hand, in the organic material, although
-multi-colof due to molecular design can be obtained as
described above, there are small number of material capable of
emitting blue light. The known examples are merely anthracene
and distyrylbenzene derivative of which luminous efficiency is
insufficient. Accordingly, for practical applications they
are far from adequafe. |

Further, every qonVentional electroluminescent
element is for a single color light emission. It is therefore
impossible at present to realize, by using one element, light
emission of more than two mutually different spectrums which
enables a multi-color display due to three primary color
emissions: R (Red); G (Green); and B (Blue), and white light
emission.

| In order to solve the above problem, Ogura et al.
proposed a three-layer structure element employing a bis-di(p-
tolyl )aminophenyl-1, l-cyclohexane as a diamine derivative for
a hole-transport layer, a l,l-di(p-methoxyphenyl)-4,4-
diphenylbutadiene aé a tet:aphenylbutadiene derivative for a

luminescent layer and a 2-(4-biphenylyl)-5-(4-tert-
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10

_butylphenyl)-1,3.4-okadiazolé as an oxadiazole derivative for

an electron-transport layer [Sharp Technical dournal. 32 (3),
15-18 (1992)].

This element has a peak of emission spectrum at
wavelengths of 480 nm and 590 nm, and emits white light. The
1ight having the wavelength of 480 nm is due to the ‘
1uminescen£ layer having hoie-transﬁort properties, while that
having a wavelength of 590 nm is due to the hole-transport
layer. Oghra et al. described thaf the mechanism of light
emission from the hole-transport 1dyer is based on diffusion
of excitons from the luminescent layer.

Mori et al. proposed an organic electroluminescent
element bomprising a single lnminescent layer, wherein
luminescent material such as a coumarin 6 and a coumarin 7
being known as a laser dye, and an oxadiazole derivative as an
electroﬁ-franqurt materiai are molecularly dispersed in a
high-molecular poly-N-vinyl cgrbazol which serves as a hole-
transport material and a resin binder. It is their opinion
that varioué color light emissions_are available by selecting

the kind of dye to be molecularly dispersed in the luminescent

' layer [Oyo Buturi £1(10), 1044-1047 (1992)].

This element may realize a multi-color display due
to three primary colors of R, G and B or white light emission
by selecting the dye kind and the'dye combination.

In contrast, the three-layer structure element of
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ogura has the disadvantage of being unstable due to a large

drop in luminescent intensity during the use. It appears that

‘this instability is caused by deterioration, coagulation or

crystallization due to heat release when the element emits
1ight.

In the single-layer structure element of Mori, the
recombination of the holes and the electrons is insufficient
and its luminance is low because of being a single-layer.

It is one object of the present invention to provide
an organic electroluminescent element which is excellent in
1uminous efficiency, luminance and stability.

It is another object of the present invention to
provide an organic electroluminescent element capable of
emitting such color light, particularly blue light, at
sufficient efficiency, which has never been obtained or failed
to emit light at high luminous efficiency.

It is still another object of the present invention
to provide an organic electrOlumineécent element which can
emit light of more than two mutually different emission
spectrums, and which can emit color'light such as multi-color
display due to three primary colors and white light emission,
which has never been obtained at sufficient efficiency or
failed fo emit it at high luminous efficiency.

DISCLOSURE OF THE INVENTION

The first organic electroluminescent element of the

This Sheet Has Been Re;

[T




(]

resent inventionlcomprises at least one layer of a 1,2,4-
criazole derivative.

The low-molecular_1,2,4-triazole derivative (the
term vjow-molecular" used herein is not shown by molecular
yeight, but means that it has no main chain structure like a
hlgn-molecular 1,2,4-triazole derivative described 1ater) have
never been employed as an organic electroluminescent material
until the present inventors do so.

. Although the 1,2,4-triazole derivative is not valid
for a hole-transport material, if employed it as an electron-
transport material, it presents electron-transport properties
and hole-blocking properties superior to those of other
conventional materials. Thus the efficiency of the
recombination of elecfron and holes increases and that of
containment of excitons generated by the above combination
increases, both contributing a further increase in luminous
efficiency, iuminance of the luminescent layer and stability
accompanied thereby. Particularly, the combination of this

derivative and a conventional luminescent layer for blue light

emission which has high hole-transport properties, can raise

. luminous efficiency and luminance to a required level for

practical applications. This realizes such blue light
emission having high luminance as previously described.
For the low-molecular 1,2,4-triazole derivative; a

3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole

i fiiilﬁi:i"uﬂin
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(hereinafter referred to as "TAZ") expressed by the formula:

N-=N

D"é , "

t-Bu

is preferred because it is excellent in both electron-
transport properties and hole-blocking properties.

The second organic e;ectroluﬁinescent element of the
present invention is characterized by a carrier-transport
control layer for selectiveiy transporting holes or electrons,
which is interposed between a hole-transport layer and an
electron-transport layer.

In this element, the exciton containment effect due
to a carrier-transport control layer composed of material such
as the low-molecular 1,2,4-triazole derivative, which
selectively transports holes or electrons, provide the hole-
transport layer or the électron-transport layer with high
luminance and high luminous efficiency as a luminescent layer.
It is therefore possible to increase luminous effigiency and
luminance as well as stabiiity adcompanied.thereby. Hence,
the use of a hole-transport layer composed of material capable

of emitting blue light emission(e.g. the poly-N-vinyl
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carba201e) along with an elgctron-transport layer promotes
juminous efficiency and luminance for blue light emission to a
required levgl for practical applications.

Besides, by selecting the material and film
chickness for the carrier-transport control layer, it is
possible to allow the hole-transport léyer and/or electron-
transport layer to emit light at high luminance and high
juminous efficiency. Therefore, one element can emit more
than two mutually different emission spectrums, by using
different emission spectrum materials for the hole-transport
layer and electron—transport.layer. This might result in the
practical use of light emission such as the multi-color
display due to three primary colors of R, G and B, and white
light emission.

The thifd organic electroluminescent element of the
present invention is characterized in that at least one
electron-transport layer and at least one hole-transport
luminescent layer are provided and that the hole-transport
luminescent layer is formed by molecularly dispersing at least
one kind of dye in a polyme:. |

Specifically, the hole-transport luminescent layer
has heat resistance superior to that of a conventional hole-
transport layer of a low-molecular material and is also
éxcellent in adhesion to a substrate such as ITO glass and ITO

] L _ :
film. It is therefore possible to form a hole-transport

—_—
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juminescent layer_wherein there hardly occurs detérioration,
aggregation, crystallization or the like due to heat release
when the element émits light, resulting in an increase in
stability.

Compared to a singie;layer element, the combination
of the aforesaid hole-transport luminescent layer and an
electron-transport layer increases furthermore carrier
injection efficiency and the recombination efficiency for
holes and electrons, resulting in light emission having high
iuminous efficiency and high luminahce.

Besides, a dye can be easily dispersed in a polymer
by adjusting a solution. It is therefore possible to disperse
plural dye in one hole-transport luminescent layer. This
realizes a multi-color display having good color purity due to
three primary colbr, white light emission and natural light
emission, depending upon the dye kind or ﬁhe dye combination.

The fourth organic electroluminescent element of the
present invention is characterized in that there is provided
with a hole~transport layer which contains, as a hole- )

transport material, a high-molecular 1,2,4-triazole derivative

‘(hereinafter referred to as "PTAZ") of a repeating unit

expressed by the general formula (6):
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(6)

< }—ll\éf\—{ }— o—{ Y+ —o+

R

b r—————————————

wherein R denotes at least one member selected from the group -
consisting of a hydrogen atom, a methyl group and an ethyl
group.
The fifth organic electroluminescent element of the
M present invention is characterized in that there is provided
| with a2 hole-transport layer which contains the PTAZ as a resin
binder, and in the hole-trahsport layer a low-molecular hole-.
transport material is molecularly dispersed in the PTAZ.
The ﬁTAz used in these elements has never been
} employed as a material for organic electroluminescent elements
until the present inventors do so.
As seen from its molecular structure, the PTAZ is
applicable to a hole-transport mgtérial, and yet it is
polymer. Accordingly, it has heat-resistance superior to Ehat
| of a conventional low-molecular hole-transport material. It
is therefore possible to form a hole-transport layer wherein
there hardly occurs deferio:atioﬁ, crystallization due to heat
release when the element émits 1;ght.

The PTAZ has a higher glass transition temperature

(about 200C or more) than a normal polymer such as

T



polycarbonate, and is excellent in optical characteristics.

rherefore, if'employed it as a resin binder for a so-called

molecular-dispersion hole-transport layer wherein a low-

molecular hole-trénsport'matérial is molecularly dispersed in

a resin binder, it is possible to prevent such a hole-
transport material from causing aggregation or crystallization
que to the aforesaid heat release. |

Accordingly, the PTAZ is greatly useful in
increasing stébility, luminous efficiency and luminance for an
element.

In the fifth element of the p:eSent invention, the
PTAZ prevents a luminescent material being excited by the
recombination of carriers from forming exciplex together with
the hole-transport material. As a result, the luminescent
material emits light at high efficiency, thus increasing
luminous efficiency of the element. Particularly, the
combination of the PTAZ and a conventional luminescent
material for blue light emission whose luminous efficiency is

- low can raise the luminous efficiency to a required level Eor
practical applications.

As described above, the first to fifth organic
electroluminescent elements of the present invention can emit
Color light as previously méntioned, particularly blue one.
Further, these organic electroluminescent elements can emit

light of more than two mutually different emission spectrums,
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and can emit cqlor'light such as a multi-célor display due to
¢hree primary colors and white light emission, which has never
peen produced.with sufficient efficiency or has been failed to
emit it at high luminous efficiency.

_BRIEP-DESCRIPTION OF DRAWINGS

Fig. 1(a) is a vertical sectional view illustrating
s preferred embodiment of the fist organic electroluminescent
element of the present invention, and Fig. 1(b) is a vertical
sectional view illustrating one embodiment of the second
organic electroluminescent element of the present invention.

Figs. 2(a) to 2(c) are schematic diagrams
illustrating the principle of iight emigsion of an element .
wherein the film thickness of the TAZ layer as a carrier-
transport control layer ié sufficiently large, among the
three-layer structure of the second organic electroluminescent
element. .

Fig. 3(a) to 3{(c) are'schematic diagrams
illustrating the principle bf'light emission of an element
wherein the film thickness of the TAZ iayer as the ca;rier:
transport control layer is sufficiently small.

Fig. 4(a) to 4(c) are schematic diagrams
iliustrating the principle of light emission of an element
wherein the film thickness of the TAZ layer as a carrier-

transport control layer is intermediate between those of Figs.

"2 and 3.
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Fig. 5(a) to 5(¢) are schematic diagrams
illustrating the principle of light emission of an element
paving a two-layer structure wherein no TAZ layer is
interposed between fhe TPD layer as a hole-transport layer and
the Alg layer as an electron-transport layer.

Fig. 6(a) is a vertical sectional view illustrating

DL

an element whose electron-transport layer has a two-layer
structure, among the third organic electroiuminescent element,
and Fig. 6(b) is a vertical sectional view illustrating an

' element whose eiectron-transport layer is a single layer.

Fig. 7 is a graph illustrating the measurement
results of the relation between drive voltage and luminance in
the first organic electroluminescent element preparéd in
Example 1. _

! Fig. 8 is a graph illustrating the measurement
results of the relation between drive voltage and luminance in
the first organic electroluminescent element prepared in
Example 2.

| Fig. 9 is a graph illustrating the measurement

. results of an emission spectrﬁm of the organic
electréluminescent element prepared in Example 2.

Fig. 10 is a graph illustrating the measdrement
results of the relation between drive.voitage and luminance in
the second organic electroluminescent element prepared in

| Example 4.
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Fig. 11 is a gréph illustrating the measurement
results of emission spectrums of the.second organic
electroluminescent element érepared in Examples 4, 5 and 6.

Fig. 12 is a graph illustrating the méasurement
results of emission spectrums of the second organic
electroluminescent element prepared in Examples 7 and 8.

Fig. 13 is a graph illustrating the measurement
results of an emission spectrum of the third organic
electroluminescent element prepared in Example 9.

Fig. 14 is a graph illustrating the measurement
results of an emission spectrum of the third organic
electroluminescent elemgnt prepared in Example 10.

Fig. 15 is a graph illustrating_the measurement
results of an emission spectrum of the third organic
electroluminescent eleﬁént prepared in Examplé 11.

Fig. 16 is a graph illustrating the measurement
results of an emission spectrum of the third organic
electroluminescent element prepared in Example 12.

Fig. 17 is a graph'illustrating the measurement '
results of the relation between drive voltage and luminance in

i the £fifth organic electroluminescent element prepared in
Example 16. |
. Fig. 18 is a graph illustrating the measurement
results of an emission spectrum of the organic

electroluminescent element prepared in Example 16.
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Figs. 19(a) to 19(c) ére vertical sectional views
jllustrating the conventional organic electroluminescent
elements. |

BEST MODE FOR CARRYING OUT THE INVENTION

The present. invention will be described in detail.

Followings are to describe the first organic
electroluminescent element comprising at least one layer of a
1,2,4-triazole derivative. |

The phrase "a layer of a 1,2,4-triazole derivative"

, used herein denotes a layer containing at least one kind of
the low-molecular 1,2,4-triazole derivatives as ptevious;y
described. There are, for example, a layer which solely
comprises one or more kinds of the 1,2,4-triazole derivatives,
and a layer wherein one or more kinds of the 1,2,4-triazole

i derivatives are dispersed;in a suitable binder.

The 1,2,4-triazole derivative layer may contain
other ingredients such as various additives, which do not
inhibit its function.

The 1,2,4-friazole'derivative layer can be formed by

! vapor phase deposition such as vacuum deposition, or solution
application to apply, 6n a substrate or the other layer, a
solution wherein a material constituting the layer is
dissolved in a suitable solvent, followed by drying.

Various compounds can be employed for the 1,2,4-

triazole derivative. Most preferred is a TAZ expressed by the
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formula:

N—N

oEog

t-Bu

because it is excellent in both electron-transport properties
and hole-blocking properties. _

The film thickness of this derivative layer is not

y specifically limited in the'present invention. But if it is
too thin, hole- block properties become insufficient and,
therefore it requires a certain amount of thickness. Although
its suitable range is not specifically limited, its lower
limit is preferably a range from 100 to 200 A for a vapor

i deposited film of the PAZ expressed by the formula (1), in
order to hold a sufficient hole-blocking properties.

Although its upper 1imit is not specifically
limited, if this.layer is too thick, electron-transport
properties decreases. Por'ex;mple, it is desired to be not

! more than 1000A fdr the vapor deposited film of the TAZ.

The 1,2,4-triazole derivative layer is essential to
the first organic electroluminescent element. There are no
other construction restrictiéns. That is, it may be either a
Conventional single-layer structure or a multi-layer

Structure. 1In short, the construction of the first element is

_
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applicable to any layers irrespective of the construction
kind.

In an element having the multi-layer structure, no
particular restrictions to othei layers than the 1,2,4-
triazole derivative layer. There can employ various
conventional materials used for the respective layers. Also,
there are no restrictions for the film thickness of each layer
constituting the element. Each layer can be formed by the
aforesaid solution application and vapor phase deposition as
in the 1,2,4-triazole derivative layer. Each layer may
contain other ingredients such as resin binders and various
additives, which do not directly affect the function of the
layer. |

In this element, since the layer of the 1,2,4-
triazole derivative presents excellent electron-transport
properties and hole-blocking properties as described above, it
is possible to emit blue light emission at.high luminance
which has been difficult to realize by the combination of the
1,2,4-triazole derivative layer as an electron-transport layer
and the hole-transport luminescent layer for blue light
emission, whiéh has high hole~transport properties.

Most preferred hole-transport luminescent layer for
blue light is a layer of poly-N-vinylcarbazole (hereinafter

referred to as "PVK") expressed by the formula:

(W




—(CHz—?H)T'

wherein n is a polymerization degreé.

The PVK layer has high hole mobility and, therefore
holes injected into the layer escape'into a cathode, thus
normally failing to emit light. However, fhe blue light
emission can be obtained by combing the PVK layer with the
1,2,4-triazole derivative layer which is excellent in the
excitons containment and high hole-blocking properties.

Further, the PVK also pefforms the function of the
hole~-transport material as seen from its molecular structure,
and has heat resistance superior to the conventional hole-
transport materials such as the low-molecular aromatic
tertiary aﬁine compounds as previously described, because it
is a polymer. Therefore, it is possible to form a hole-.
transport luminescent layer for blue light emission wherein
there hardly occurs deteridration br crystallization due to
heat release on storage or light emission of the element.

Moreover, the PVK layer is excellent in adhesion to
substrates such as ITO glass and ITO film.

Hence, the combination of the PVK layer as a hole-

“‘ﬁﬁ‘iiﬁ‘ri‘iilﬂﬂi“ i




transport luminescent layer and the 1,2,4-triazole derivative
jayer realizes an organic elecfroluminescent,element for blue
1ight emission that_presents'excellent luminous efficiency,

juminance and stability and that can be put to practical use.

The polymerization degfee n of the PVK is not
specifically limited in the present invention, but it is
preferabiy about 20 to 5000. If it is below this range, heat
resistance and adhesion tend to be insufficient. On the other
hand, if it is beyond this range, the layer formation by
solution application might be difficult.

More preferred element of the combination of the
1,2,4-triazole derivative layer and the PVK layer (a hole-
transport luminescent layer) is that having a three-layer
structure wherein a layer of a fris(B-quinolinolato)aluminum
(II1) complex (hereinafter referred to as "Alq") expressed by

the formula:

O ; (3)

is provided as an electron-transport layer. 1In fhis element,
the action of the Alg layer promotes electron injecting
Properties to the hole-transport luminescent layer, thus
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obtaining blue light emiséion haviﬁg high luminance at higher
efficiency.

The layer construction of the fhree-layer structure
element is not specifically limited. But, if consideration is
given to the fact that the PVK layer is excellent in adhesion
to substrates such as ITO glass and ITO film, and is formed |
exclusiQely by solution applicafion, it is preferable to use
an element wherein three layers: a hole-transéort luminescent
layer (a PVK layer) 10, a layer of a 1,2,4-triazole derivative

(a TAZ layer) 20 and an electron-transport layer (an Alq

llayer) 30 are laminated in this order on an anode 40 of a

transparent conductive material such as ITO (indium-tin-oxide)
being formed on a glaés substrate 4, as shown in Fig. 1(a).
In Fig. 1(a), the reference numerals 5 and B denote a cathode
of metal deposited film such as Mg/Ag and a power source for
applying a drive voltage to the element, respectively.

The film thickness for the PVK layer 10 and the Alg
layer 30 is not specifically limited in the present invention.

There can set to an appropriate range depending upon the kind

. of the 1,2,4-derivative to be used and the film thickness of

the layers.
| Since the PVK layer is a polymei, the PVK layer 10
can be formed by the qforesaid solution application.

‘The Alé layer 30 cbntains at leést the Alg. For

example, there are a lager consisting the Algq alone or a layer

—_—
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wherein the Alg is dispersed in a suitable binder. The Alg
layer 30 can be formed by the.aforesaid solution application
"and vapor phase depositicn.

The PVK layer 10 and the Alg layer 30 may contain
other ingredients such as various additives, which do not
inhibit the functions of the PVK and the Alqg.

Followings are to describe the second organic
electroluminescent element having a three-layer structure
comprising a carrier-transport control layer, which is
interposed between a hole-transport layer and an electron-
transport layer.

This element is, as shown in Fig. 1(b), composed of
laminated three layers: a hole-transport iayer 1; a carrier-
transport control layér 2 and an electron-transport layer 3,
which are formed in this order or in the reverse order, on an
anode 40 of a tranéparent conductive matefial such as ITO
(indium~-tin-oxide) being forﬁed on a glass substrate 4. It is
essehtial that the layer 2 is sandwiched between the layers 1
and 3. In Fig. 1(b), reference numerals 5 and B denote a

~ cathode of metal deposited film such as Mg/Ag and a bower
source for applfing a drive voltage to the element,
respectively, likewise in Fig. 1(a).

Most preferred.carrier-transport control material
for the carrier-transport control layer 2 is the 1,2,4-
triazole derivative such as the TAZ.
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There are, for example, a 1,3,4-oxadiazole
derivative being known as an electron-transport material.
There can employ Qarious compounds for this derivative. More
preferred is-a 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3, 4-
oxadiazole (hereinafter réferred to as "PBD") expressed by the

formula:-

N—N
o) (4)
t-8Bu

There can also employ various conventional compounds

" which have been used as an electron-transport material or

hole-transport material.

The carrier-transport control layer 2 functions such
that either or both of thé hole-transport layer i or/and
electron-transport layer 3 emit light at high luminance and

high efficiency depending upon its material and its film

_ thickness as previously described.

The function of the carrier-transport control layer
2 will be described through an example where there employs a
vapor deposited film of the TAZ (the TAZ layer) aé a carrier-
transport control layer 2, a vapor deposited layer of a N,N'-

diphenyl-~-N, N'-bxs(3—methylphenyl) -1,1'-biphenyl-4,4- diamlne

——"
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(hereinafter referred to as "TPD") expressed by the formula:

A,

Me™ . | Me

(the TPD layer) as a hole~transport layer 1 and a vapor
deposited film of the Alg (the Alg layer) expressed by the
formula (3) as an'electron-transport luminescence layer 3.

In general, carrier injection into an organic
insulating film is restricted by space charge. The current
capacity that passes through the organic insulating film is
proportional to the mobility of carriers and the sguare of the
electric field strength, and is inversely proportional fo the
cubic of the film thickness of the organic insulating film.
That is, the larger the elect:ic field strength and mobility,
the more carrier injection is accelerated. The larger the
film thickness, the more carrier injection are restricted.

In an element of a two-layer structure (which

!corresponds to the element of Tang et al.) being composed of a

TPD layer 1 and an Alg layer 3 as shown in Fig. 5, when a bias
voltage is applied between an anode 40 and a cathode 5, holes
are firstly injected into the TPD layer 1 and blocked on the
TPD/Alg interface to form space charge (Fig. 5(a)).

At this time, the electric field strength applied on
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the Alq layer 3 becomes larger than the apparent electric
field strength applied between a couple of electrodes 40, 5
because of the space charge_én the TPD/Alq interface, thereby
initiating an electron injection into the Alg layer 3 (Fig.
5(b)).

Then, excitons are generated by the recombination of

"the holes and the e} ctrons on the Algq layer 3 in the vicinity

of the TPD/Alg interface (Fig. 5(c)), and the Alg is excited
to emit light.

When the TAZ layer is interposed between the TPD
layer 1 and Alg layer 3, thg injection orderlfor holes and
electrons are the same. When the film thickness of the TAZ
layer 2 is sufficiently large (for example, about 150A or
more) as shown in Fig. 2, the TAZ layer 2 exhibits excellent
hole-blocking properties similar to the first element, so that
holes thus injected are blocked at the TPD/TAZ interface (Fig.
2(a)).

Electrons which are being injected into the Alg

layer 3 by the formation of the space charge due to the holes

_are transported to the TPD/TAZ interface because the TAZ layer

2 is excellent in electron-transport éroperties (Fig.'Z(h)),
and excitons are generated by the recombination of the holes
and the electrons (Fig. 2(@)) and the TPD whose excitation

energy level is lower than fhat of;the TAZ is excited by the

excitons thus generated to emit light.
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On the other hand, when the film thickness of the
TAZ layer 2 is sufficient;y small (for example, about 50A or
less), as shown in Fig. 3, holes injected into the TPD layer 1
by applying a bias voltage between a couple of electrodes 40,
5 pass through the TAZ layer 2 and blocked at the TAZ/Alqg
interface to form space chafge (Fig. 3(a)). The reason why
the holes pass through the TAZ layer 2 is that the injection
amount of carriers (the holes in this case) is inversely
proportional to the cubic of thé £ilm thickness of the TAZ
layer 2 being the organic insulating film.

Then, electrons injects into the Alq layer 3 by the
formation of the space charge due to holes (Fig. 3(b)), and
excitons are generated by the recombination of the holes and
the electrons on the TAZ/Alq interface (Fig. 3(c)), and then
the Alqg whose excitation energy level is lower than that of
the TAZ is excited by the excitons thus generated to emit
light. | | |

| Still further, when the film thickness of the TAZ

layer 2 is intermediate between the above value (in case of

. being in a range from about 50 to about ISOA), some of the

holes which are injected into the TPD layer 1 by applying a
bias voltage between a couple of electrodes 40, 5 are blocked
on the TPD/TAZ interface, the others pass through the TAZ
layer 2 and are blocked on the TAZ/Alg interface (Fig. 4(a)).

When electrons are injected into the Alg layer 3 by

\\\\\\\\m\\ \\\\\\ﬁ““‘
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the formation of the space charge due to the holes (Fig.

4(b)), excitons are generated by the recombination of the
holes and the electrons on both TPD/TAZ and TAZ/Alq interfaces
(Fig. 4(¢e)) and the TPD and the Alg whose excitation energy
levels are lower those of the TAZ are excited by the excitons
thus generated to emit light. |

The reason why the injected holes are divided into
two types in the foregoing is that the injection amount of the
holes is inversely proportional to the cubic of the film
thickness of'thé'TAz layer 2, as described above.

Since the TAZ layer of the element in Fig. 4 allows
both of the holes and the electrons to pass through, there
might have a chance that the recombination of both may occur
in the TAZ layer 2. The TAZ, however, has a peak light
emission at a shorter wavelength région of not more than 4000
nm. Even if the TAZ is excited by the excitons generated by
the above recombination, excitation energy is transported to
either or both of the TPD layer or/and the Alg layer, each

having a peak light emission at a longer wavelength region.

~ Consequently, the TAZ layer 2 itself emits no light.

As is evident_from the abowve description, the
function of the TAZ layer can be changed by adjusting its £ilm
thickness within the above range, in the combination of the
TPD layer 1, the TAZ 1ayér 2 and the Alg layer 3. However,

the relation between the functions of the carrier-transport
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control layer 2 and its film thickness may not necessarily
correspond with the above examples. The range of the film
thickness of the layer 2 having a specific function varies
depending upon factors such as material constituting the
respeétive layers, the layer structure (e.g. a vapor deposited
film, a binder dispersed film; etc. ).

In the above layers' combination, when using a vapor
deposited film of the PBD (the PBD layer) Qhose electron-
transpdrt properties is lower (i.e., hole-transport properties
is higher) than that of the TAZ layer in place of the TAZ
layer, it is found that the PBD layer does not show hole-~
block properties equal to that of the TAZ layer having the
same film thickness as the PBD because the hole injection
amount is proportional to the mobility. Therefore, in order
to provide the PBD layer with the same function as the TAZ
layer, it is required to have a larger film thickness than the
TAZ layer, which will be evident from Examples described
later.

As seen from the description as to Fig. 4, it is

_possible to change the ratio for the luminescence intensity of

the hole-transport layer 1 and the electron-transport layer 3
by adjusting the film thickness of the carrier-transport
control layer 2 because the hole injection amount of the layer
2 such as the TAZ layer is inversely proportional to the cubic

of its film thickness.
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Accordingly, the combination of the hole-transport
jayer 1 and electron-transport layer 3 which emit light at
jifferent spectrums likewise in the combination of the.TPD
jayer and the Alg layer, aléo offers the advantage that the
color tone of the overall emission color being a ﬁixed color
of both layers' emission colors can be finely adjusted by |
suitably selecting the film thickness of the carrier-transport
control layer 2.

In the second element it is essential to have three
la&ers: a hole~-transport layer 1l; a carrier-transport control
layer 2 and an electron-transport layer 3. No particular
restrictions are imposed upon other constructions.

The carrier-transﬁort control layer 2 may be solely
composed of the éarrier-transport control material such as the
TAZ and the PBD, or may be formed bf dispersing a carrier
control material in a suitable binder. The carrier-transport
control layer 2 may contain other ingredients such as various
additives, which do not inhibit its function.

The respective layers including the carrier-
transport control layer ‘2 can be formed by the aforesaid
solution application or vapor phase deposition.

followings are to describé the third organic
electroluminescent element wherein a hole-transport

luminescent layer is formed by molecularly dispersing at least

one kind of dye in a polymer.
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The polymer constituting the hole-transport
luminescent layer may or may not have carrier-transport
.properties. When using the polymer haéing no carrier-
transport properties, there may provide it with hole-transport
properties by molecularly dispersing a low-molecular hole-
transport material along with a dye.

' Examples of the polymer having carrier-transport
properties include polyphenylenevinylene and its derivative,
polyalkylthiophene; the PVK, polymethylphenylsilane, polymer
having a triphenylamine group at a side chain or main chain,
among others. Most preferfed is the PVK because its carrier-
transport properties is stable.

The polymerization degteé n of the PVK is preferably
about 20 to 5000 for the same reason above-mentioned.

For the polymer having no carrier-transport
properties, theré can employ various polymer having excellent
optical characteristics . For example, there are polymethyl
methacrylate, polycarbonate, polystyrene, polysulfon,
polyether sulfon, polyallylate.

For dye to be molecularly dispersed in the po;ymet,
there can employ various dyes such as the aforesaid dyes for
laser, which can be excited by excitons to generate
fluorescence. Examples of this dye include cyanine dye,
xanthene dye, oxazine dye, coumarin derivative, perylene

derivative, acridine dye, acridone dye, quinoline dye, among

v _\\__
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others. More preferred are a tetraphenylbutadiene (blue light
emission, hereinafter referred to as "TPB") expressed by the

formula:

10 a coumarine 6 (green light emission) expressed by the formula:

oY

N (8)

HsCa 0~0

15 ész

a coumarine 7 expressed by the formula:

HN—Q

| N
2? = }45C2\\N - (9)

O0~0
EaHa

a 4-dicyanomethylene-2-methyl-6-p-dimethylaminostyryl-4H-pyran
(orange emission, hereinafter referred to as "DCM") expressed
% by the formula:

This 5
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NC._ _CN

HaCTO&

N
EHs

For white light emission, the combination of the TPB
of the formula (7), the coumarine 6 of the formula (8) and the
DCM of the formula (10) is appropriate. This éombination
allows the emission spectrum of the ﬁole-transport luminescent
layer to extend over the whole visible light region having a
wavelength of 400 to 700 nm, resulting in a good white light
emission.

The proportion of the dye formulated in a polymer is
not specifically limited, and a preferable range can be set
depending upon the kinds of polymer and dye, luminescence
intensity, color tone and the like.

When using a polymér having no carrier-transport
propgrties, it is shitable t0 use a triphenylamine derivative
as a lower molecular hole-transport material to be ﬁolecularly
dispersed in the polymer. More preferred is the TPD.

The hole-transport luminescent layer comprising the
above respective componeﬁfs‘can be formed by the aforesaid
solution application.

- For an electron-transport iayer used in the
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combination with the hole-t:ansport:1uminescent layer, there
can employ any layers composed of the conventional electron-
transport matefials. More preferred are the low-molecular
1,2,4-triazole derivative layer and the two-layer structure
layer wherein the layer of the 1,2,4-triazole derivative and
the Alg layer are laminated with each other.

Since the 1,2,4~triazole derivative is excellent
both in electron-transport properties and hole-hiocking
properties, the recombination of electrons and holes can be
sufficiently conducted in the hole-transport luminescent layer
and, at the same time, generated excitons can be efficiently
contained in the hole-transport luminescent layer, resulting
in a further increase in luminous efficiency and luminance of
the hole-transport luminescent layer.

A suitable example of the 1ow-molecu1ar 1,2,4-~
triazole derivative is the TAZ which is excellent in both
electron- transport properties and hole-blocking properties.

Although the film thickness of the 1,2,4-triazole
derivative layer is not specifically limited, if it is too
thin, hole-blocking properties becomes insufficient. Thus it
is desirable to have an ample film thickness. Although its
suitable range is not specifically limited, 100 to 200A or
more is appropriate for the vapor deposited film of the TAZ
expressed by the formula (1) in order to hold a sufficient

hole-blocking properties. The upper limit of its f£ilm
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thickness is not specifically limited, but electrbn-transport
properties would decrease if it is too thick. Therefore, for
the vapor deposited £ilm of the raz; its film thickness is
preferably not more than 1000A.

In the combination of the 1,2,4-triazole derivative
layer and the Alqg layer, electrons injection properties to tﬁe.
hole-transport luminescent layer increases further, thus
obtaining an element being excellent in both luminous
efficiency and high luminance.

The £film thickness of the Alg layer is not
specifically limited, but its film thickness is preferably
about 100 to 1000A, in considering of the electron injection
properties and the electron-transport properties to the hole-
transport luminescent layer. If the Algq layer is laminated,
it can be complementary to the hole-blocking properties of the
1,2,4-triazole derivative layer. Therefore, the film
thickness of the 1,2,4-triazole derivative layer may be
smaller than the aforesaid range for the vapor deposited film
of the TAZ.

Although the total film thickness of both layers is

not specifically limited, it is preferably about 200 to 1500A.

If it is smaller than this range, hole- block properties tends
to be insufficient. On the other hand, if it is larger than
that, electron-transport properties tends to decrease.

The electron-transport laYer such as the 1,2,4~

asB&quimwd
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triazole derivative layer and the Alq layer may be solely

composed by an electron-transport material such as the 1,2,4-

triazole derivative and the Alq, or be formed by dispersing an
. electron-transport material in a suitable binder. The

5 electron-tranqurt layer may contain other ingredients such as
various additives ﬁhich do not inhibit its function. ‘

The electron-transport layer can be formed by the
aforesaid solution application or vapor phase deposition.

The iayer construction of the third element is not

0 specifically limited.

However, if considered that the polymer constifuting
the hole-trahsport luminescent layer is excellent in adhesion
to substrates such as the'ITO glass and the ITO £film, and is
formed exclusively by the solution application , it is

15 preferable to use those prepared by léminating two léyers: a
hole-transport luminescent layer 11 and an electron-transport
layer 31 on an anode 40 of a transparent conductive material
such as ITO (indium-tin-oxide) being formed on a glass
substrate 4 in this order, as shown in Figs. 6(a) and 6(b).

20 The electron-transport layer 31 of Fig. 6(a) has a
two-layer structure wherein two layers of the 1,2,64-triazole
derivative layer (the TAZ layer) 3la and the Alq layer 31b are
laminated on a hole-transport luminescent layer 11 in this
order.

5 . In Figs. 6(a) and 6(b), the reference numerals 5 and
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g denote a cathode of metal deposited film such as Mg/Ag and
Al/Li and a power source for applying a drive voltage to the
element, respectively. _ .

Fbllowings are to describe the fourth organic
electroluminescent element comprising a hole-transport layer
which.contains the PTAZ as a hole-transport material, and the
fifth organic electroluminescent element comprising.a hole-
transport layer which contains the PTAZ as a resin binder in
the present invention.

For the PTAZ expressed by the formula (6), there can
suitably employ those having a repeating unit expressed by the
formula: ' '

O L OO0

(63)

(hereinafter referred to as "PTAZ-1") or those having a

repeating unit expressed by the fdrmuia:

OO 0+0

Et

(6b)

(hereinafter referred to as "PTAZ-2").

The polymerization degree of the PTAZ is not
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specifically limited in the present invention, but it is
preferably about 3000 to about 30000. If it is below this
range, heat résistance tends to be insufficient. On the ofher
nand, if it is beyond this rahge, the layer formation by the
solution application might become difficult. |

In the fourth element, one or more kinds of the PTAZ
are used as a hole-transport material to form a hole-transport
layer primarily composed of the PTAZ.

In the fifth element, one or more kinds of the PTAZ

are used, as a resin binder, and a low-mblecular hole-~

transport material is molecularly dispersed in the resin
pinder to form a hole-transport layer. The TPD is suitable
for the low-molecular hole-transport material.

Both hole-transport layers may contain other
ingredients such as various additives which do not inhibit the
function of the PTAZ and the TPD.

The film thickness of the hole~-transport layer is
not specifically 11m1téd in the presenf invention, and it cén

be set to the optimum range depending upon the structure

%1 characteristics, namely, to which type it belongs.'
The hole-transport layer can be—formed by the
gforesaid solution application..
| In both élements, it is essential to have a hole-
tfanspbrt layer containing the PTAZ. No other particular
8  restrictions are imposed thereon. There can employ either a
This Sheet Has

B Ill?ill




conventional two-layer structure of a multi-layer structure
comprising three or more layers. In shorf, the construction
of both elements are applicable to any elements of v&rious
layer structures.
The layer material other than the hole-transport
layer, which constitutes the element of the two-layer
structure or the multi-layer structure, is not spedifically
11mited in the present invéntion. There can employ various
conventional materials used for the respective layers. Also,
¢ the film thickness of the respeétive_layers constituting the
element is not specifically limited in the present invention.
The respective layers can be fprmed by the aforesaid solution
appliéation and vapor phase deposition, likewise in the hole-
transport layer. Each layer may contain other ingredients

15 such as resin binders and various additives which are not
directly related to the layers' functions.

In every organic electroluminescent element of the
present invention, a protective layer may be coated to shield
the element agaihst transmission of water or oxygen in air, or

20 an element coated with the protective layer may be further
sealed with a glass or a polymer, in order to improve storage
stability in air or to exténd the lifetime at theltime of a

continuous light emission.
FIELD OF INDUSTRIAL APPLICABILITY

5 _ As described above, every organic electroluminescent
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element of the present invention drives at a lower voltage,
and is valid for producing a large-area luminescent element
having flexibility because it is coﬁposed of organic material.
Thus there is a great applicability in the fields of
indication, illumination and display.
EXAMPLES
The invention will be better understood by the

following Examples and Comparative Examples which show by way

of example.

Example 1
On an ITO (indium-tin-bxide) coated glass substrate

having a sheet resistance of 15 Q/(3 (ITO f£ilm thickness:
1500 to 1600A, manufactured by Asahi Glass Co., Ltd.), the TPD
expressed by the formula (5) as a hole-transport material, the
Alq expressed by the formula (3) as an electron-transport
material and the TAZ expressed by the formula (1) as a 1,2,4-
triazole derivative were deposited in this order by vacuum
deposition to form a TPD layer, an Alg layer and a TAZ layer,
respectively. The luminescent region was expressed by a
square being 0.5 cm in side.
The deposition conditions for each layer:

Ultimate vacuum degree: 2 x 10-9 Torr:

Temperature of substitute: Rdom temperature; and

Deposition rate: 2 to 4A/sec.

Each film thickness:




TPD layer (a hole-transport layer): 500A;
Alg layer (an electron-transport layer): 200A; and

TAZ layer: 300A.

. e e e

Then, on the IAZ layer, magnesium was codeposited
with silver to form a Mg/Ag electrode layer having a film
thickness of 2000A [Mg/Ag = 10/1 (molar ratio)], on which
silver was deposited alone to form a protective layer having a
£ilm thickness of 1000A, thus obtaining an organic
electroluminescent element. The deposition rate of the
10 electrode layer was 1lA/sec. and that of the protective layer

was 10A/sec.

w emr e - wpm -

The ITO £ilm and the Mg/Ag electrode layer thus
prepared were used as an anode and a cathode, respectively,
and a bias voltage was applied between a couple of electrodes

15 at room temperature in air to allow the luminescent layer to
emit light. 1Its luminance was measured using a luminance
meter (Model No. LS-100, available from Minolta Co., Ltd.).

There observed green light emission of 5800 cd/m2
luminance at a drivﬁ voltage of a maximum 14 V (145'mA/cm2) aé

'm shown in Fig. 7. This emission color proved that light
emission originated from the Alq layer.

_ Example 2

On an ITO (indium-tin-oxide) coated glass substrate
having a sheet resistance of 15 Q/0] (IT0 f£ilm thickness:

% 1500 to 16004, manufactured by Asahi Glass Co., Ltd.), the PVK

T
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expressed by the formula (2) as a hole-transport luminescent
material was coated by a dip coating using dichloroethane as a
solvent to form a PVK layer, on which the TAZ expressed by the
formula (1) as a 1,2,4-triazole derivative and the Alg
expressed by the formula (3) as an electron-transport material
were deposited in this order by vacuum deposition to form a
TAZ 1ayef and an Alg layer, respectively. The luminescent
region was expressed by a square being 0.5:cm in side. The
depoéition conditions were the same as in Example 1.
Each film thickness was: |

PVK layer (a hole-transport luminescent layer); 400A;

TAZ layer: 200A; and

Alg layer (an electron-transport layer): 300A.

Then, on the Alg layer, magnesium was codeposited
with silver to form a Mg/Ag electrode layer having a film
thickness of 2000A [Mg/Ag = 10/1 (molar ratio)], on which
siiver was deposited alone to form a protective layer having a
film thickness of 1000A, thus obtaining an organic

electroluminescent element of the layer structure shown in

~Fig. 1(a). The deposition rates for the electrode layer and

protective layer were the same as in Example 1.

The ITO film and the Mg/Ag electrode layer of the
organic electroluminescence thus prepared were used as an
anode and a cathode, respectively, and a bias voltage was

applied between a couple of electrodes at room temperature in
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air to allow the luminescent layer to emit light. 1Its
ljuminance was measured using the aforesaid luminance meter.

As a result, light emission was initiated from 4 V
and there observed blue light emission of 700 cd/mz in
luminance at a drive voltage of a maximum 14 V (220 mA/cm?) as
shown in Fig. 8. It showed that blue light emission of the
element has outstanding high luminance in view of the CRT
display's luminance at the blue color region being about 20 to
30 cd/m2.

The blue light emission was mgasured at room
temperature using a fluorophotometer (Mbdel No. F4010
available from Hitachi Co, Ltd.).

There observed an emission spectrum having a peak at
a wavelength of 410 nm as shown by a solid line in Fig. 9.

The emission spectrum nearly corresponded to an emission
spectrum of the PVK itself shown by a broken line in Fig. g.
This proved- that light emission originated from the PVK layer
of Example 2.

Even if the element was preserved at room
temperature for several days; there observed no cha&ge in
appearance, and the element emitted light at luminance similar
to that before preservation.

Example 3
In the same manner as in Example 2 except that the

Alg layer was omitted, an organic electroluminescent element
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was prepared and its characteristics was examined.

A voltage for initiating light emission became
slightly large and a maximum current became small, but there
obt#ined blue light emission with high luminance similar to
Example 2.

Even if the element was preserved at room
temperature for several dﬁys, there observed no change in
appearance, and the element emitted light at luminance similar
to that before preservation.

Comparative Example 1

In the same manner as in Example 2 except that the
TAZ layer was omitted, an organic electroluminescent element
was prepared and its charaéter;stics was examined.

This element exhibited green light emission whose
peak is at a wavelength of 530 nm. This emission color proved
that fhe light emission originated from the Alg layer, not the
PVK layer. This finding showed that the combination of the

'PVK layer and the TAZ layer is essential to allow the PVK

layer to emit blue light.
cdnparative Exanple 2
There prepared an organic electrdluminesceht element
composed of the PVK layer alone wherein the TAZ layer and the
Algq layer were omitted. The-luminaﬁce of light emission was
too weak to evaluate its luminance.

Example 4
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On an ITO (indium-tin-oxide) coated glass substrate
having a sheet resistance of 15 Q/00 (ITO £ilm thickness:
1500 to 1600A, manufactured by Asahi Glass Co., Ltd.), the
7PD, the TAD and the AlQ were depesited in this order by
vacuum deposition to form a TPD layer, a TAD layer and an Alq
layer, respectively. The luminescent region was expressed by
a square being 0.5 cm in_eide. The deposition conditions were
the same as in Example 1.

Each film thickness was as follows:

0 TPD layer (a hole-transport layer): 400A;
TAZ layer (a carrier-transport control layer): 150A; and
Alq layer (an electron-transport layer): 450A.

Then, on the Alq layer, magnesium was codeposited

with silver to form a Mg/Ag electrode layer having a film
5 thickness of 2000A [Mg/Ag = 10/1 (molar ratio)], on which
silver was deposited alone to form a protective layer having a
film thickness of 1000A, thus obtaining an organic
electroluminescent element of the layer structure shown in
Fig. 1(b). The deposition rates for the electrode layer and
@ the protective layer were the same as in Example 1.

The ITO film and the Mg/Ag electrode layer thus
prepared were esed as an anode and a cathode, respectively,
and a bias voltage was aéplied between a couple of electrodes
at room fempe:ature in air to allow the luminescent layer to

5 emit light. Its luminance was measured using the aforesaid
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luminance meter.

There observed blue light emission of 3700 cd/m2 in
luminance at a_drive voltage of a maximum 16 V (145 mA/cmz) as
shown in Fig. 10. |

Further, the blue light emission was measured at
room temperature using the aforesaid fluoroéhotometer. There
observed an emission spectrum having a peak at a wavelength of
464 nm, as shown by a solid line in Fig. 11. The emission
spectrum neatly corresponded to the emission Spectrum of the
vapor deposited film composed of the TPD alone, shown by a
short broken line in Fig. 11. This proved that the iight '
emission originated from the TPD layer of Example 4.

Examples 5 and 6

There employed an organic electroluminescent element

" having the same layer structure as in Example 4, but the film

thickness of the TAZ layer as a carrier-transport control
layer.was changed to 50A (Example 5) or 100A (Example 6) to
measure each emission spectrum in the same manner as in
Example 4.

As a result, Example 5 exhibited a green emission
spectrum being luminescent color of the Alg layer, as shown by
a chain line in Fig. 11.

In Example 6, such a green light emission became
remarkably small and, at the same time, blue light emission

being the emission color of the TPD layer became large, as
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shown by a long broken line in Fig. 11, resulting in blue-
green light emission of both color emissions being mixed.
Examples 7 and 8

In the same manner as in Example 4 except that the
pBD expressed by the formula (4), as a material constituting
the carrier-transport control layer, was used instead of thé
TAZ, an.org;nic electrolumiﬁescent element of the structure
shown in Fig. 1(b) was prepared and.its emission spectrum was
measured.

The element whose PBD layer had a film thickness of
100A (Example 7) exhibited a green spectrum being the emission
color of the Alg layer, as shown by a solid line in Fig. 12.

In the element_whose TAZ layer had a film thickness
of 300A (Example 8), as shown by a broken line in Fig. 12,
there observed light emission of blue-green wherein green
light emission being the luminescent color of the Alg layer
was mixed with blue light emission being the luminescent color
of the TPD layer.

Exaiple 9
The PVK expressed by the formula (2), 5 molar % (for
PVK) of the TPB expressed by the formula (7), 0.3 molar % (for
PVK) of coumarine 6 expressed by the formula (8) and 0.3 molar
% (for PVK) of the DCM expressed by the formula (10) were
dissolved in dichloromethane to prepare an application

solution. The application solution was applied on an ITO
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(indium-tin-oxide) coated glass substrate having a sheet

.resistance of 15 Q/0 (ITO film thickness: 1500 to 16004,

manufactured by Asahi Glass Co., Ltd.) by dip coating,
éollowed by drying to form a hole~-transport luminescent layer.

Then, on the hole~-transport luminescent layer, the
TAZ expressed by the formula (1) and the Alg expressed by the
formula (3) as an electron~-transport material were deposited
in this order by vacuum deposition to form an electron-
transport layer of a two-layer structure. The luminescent
fegion waé expressed by a square being 0.5 cm in side. The
deposition conditions for the TAZ layer and Alq layer were as
follows: |

Ultimate vacuum degree: 1 to 2 x 1073 Torr;
Temperature of substrate: Room temperature; and
Deposition rate: 2 to 4A/second.
Each £ilm thickness was:
:Hole-transport luminescent layer: 400 to S004;
TAZ layer: 200A; and
Alq layer: 300A.

Then, on the Alq layer, magnesium was codeposited
with silver to form a Mg/Ag electrode layer having a film
thickness of 2000A [Mg/Ag = 10/1 (molar ratio)], on which
silver was.deposited alone to form a protective layer having a
£ilm thickness of 1000A, thus obtaining an organic

electroluminescent element of the layer structure shown in
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pig.'S(a). The deposition_rate for the electrode layer and
that of the protective layer were llA/sec. and 10A/sec.,
respectivaly;

The ITO film and the Mg/Ag electrode layer thus
prepared were employed as an anode and a cathode,
respectively, and a bias voltage was appliéd between a céupie
of electrodes at room temperature in air to allow the
luminescent layer to emit light. Its luminance was measured
using the aforesaid luminance meter.

There observed white light emission of 3352 cd/m2 in
luminance at a drive voltage of 16 V and a current density of
250 mA/cmZ. |

Further, the white light emission was measured at
foom temperature using the aforesaid fluorophotometer. There
obtained an emission spectrum'that extended over a range of
visible light having a wavelength_of 400-700 nm, as shown in
Fig. 13. |

Still further, even if the element was preserved at

room temperature for several days, there observed no change in

~appearance, and the element emitted light at luminance similar

to that before preservafion.
Example 10
In the same manner as in Example 9 except that an
épplication solution was prepared by dissolving the PVK and 5

molar % (for PVK) of the TPB in dichloromethane, an organic
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electrolumiﬂescent element was prepared and its
characteristics were examined.

There observed blue light emission with a luminance
of 1500 cd/m? at a drive voltage of 16 V and a current density
of 220 mA/cm?.

Further, the blue light emission was measured using
the aforesaid fluorophotometer. There obtained an emission
spectrum having a peak at a wavelength of 450 nm, as shown in
Fig. 14. This proved that blue lighf'emission originated from
g the TPB.

Still further, even if the element was preserved at
room temperature for several days, there observed no change in
appearance, and the element emitted light at luminance similar
to that before preservation.

[} _ Example 11

In the same manner as in Example 9 except that an
application solution was prépared by dissolving the PVK and 1
molar % (for PVK) of the coumarine 6 in dichloromethane, an
organic electroluminescent'element was prepared and its

% characteristics was examined. |

- There observed green light emission with a luminance
of 2200_c;d/m2 at a drive voltage of iﬁ-v and a current density
of 340 mA/cm?. _

Further, the green light emission was measured using

5 the aforesaid fluorophoto meter. There obtained an emission

1
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spectrum having a peak at a wavelength of 510 nm, as shown in
rFig. 15. This proved that green light emission originated
from the coumarine 6.

Still further, even if fhe element was preserved at
room temperature for several days, there observed no change in
appearance, and the element emitted light at luminance similar
to that before preservation.

Example 12

In the same manner as in Example 9 except that an
. application solution was prepared by dissolving the PVK and
0.1 molar % (for PVK) of the DCM in dichloromethane, an
organic electroluminescent element was prepared and its
characteristics was examined.

There observed white light emission with a luminance
of 1100 cd/m2 at a drive voltage of 16 V and a current density
of 210 mA/cm2.

Further, the white light emission was measured using
the aforesaid fluorophotometer. As a result, it was confirmed
that the white light emission originated from the light
gmission of the PVK whose wavelength is 410 nm and light
emission of the DCM whose wavelength is 550 nm.

Thereafter, in the samé manner in the foregoing
except that the DCM concentration for the PVK was changed to 2
molar %, an organic electroluminescent element was prepared

and its charécteristics was examined.
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~ There observed that a peak value at a wavelength of
550 nm became larger than that in at a wavelength of 410 nm,
resulting in orange light emission. |

Still further, even if the elements were preserved
at room temperature for several days, thefe observed no change
in appearance, and the element emitted light at luminance
similar to that before preservation.
' Example 13
On an ITO (indium-tin-oxide) coated glass substrate

having a sheet resistance of 15 Q/(] (ITO film thickness:
1500 to 1600A, manufactured by Asahi Glass Co., Ltd.), the
PTAZ~-1 expressed by the formula (6a) as a hole-transport
material was coated by dip coating using dichloromethane as a
solvent to form a PTAZ~1 layer. Then, the Alg expressed by
the formula (3) as an electron-transport material was applied
vacuum deposition the PTAZ-1 layer to form a Alq layer. The
luminescent region was represented by a square being 0.5 cm in
side.
The deposition conditions were:

Ultimate vécuum degree: 1 to 2 xJIO's Térr:

Temperature substrate: Room temperature; and

Deposition rate: 2 to 4A/sec.
Each film thickness was:

PTAZ-1 layer (a hole-transport layer): 400A; and

Alq layer (an électron-transport layer): 600A.
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Then, on the Alq layer, magnesium was codeposited
with silver to form a Mg/Ag electrodé layer having a film
thickness of 2000A (Mg/Ag = 10/1 (molar ratio)], on which
silver was deposited alone to form a protective layer having a
£ilm thickness of 1000A, thus obtaining an organic |
electroluminescent element. The deposition rate for the
electrode layer and the protective layer were li A/sec. and
10A/sec., respectively.

The ITO £ilm gnd the Mg/Ag electrode layer thus
0 prepared were used as an anode and a.cathode, respectively,

and a bias voltage was applied between a couple of electrodes
at room temperature in air to allow the luminescent layer to
emit light. 1Its luminance was measured using the aforesaid
luminance meter. There obtained light emission of 1200 cd/m?
5 in luminance at a drive voltage of a maximum 16 V (ISOmA/cmz).
Still further, even if the element was preserved at
foom temperature for several days, there observed no change in
appearance, and the element emitted light at luminance similar
to that before preservation.
] Example 14
| In the same manner as in Example 13 except that the
PTAZ-2 expressed by the formula (6b) as a material of
constituting a hble-trahsport layer was used in place of the
PTAZ-1, an organic electroluminescent was prepared and its

5 luminance was measured.
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There observed light emission of 370 cd/m? in
luminance at a drive voltage of a maximum 16 V (730 mA/cm?).

Further, even ;f the element was preserved at room
temperature for several days, there observed no change in
appearance, and the element emitted light at luminance similar
to that before preservation.

' Example 15

On an ITO (indium-tin-oxide) coated glass substrate
having a sheet resistance of 15 Q/00 (ITO film thickness:
1500 to 1600A, manufactured by Asahi Glass Co., Ltd.,), a
PTAZ-2 wherein 30 % by weight of the TPD expressed by the
formula (5), as a hole-transport material, was molecularly
dispersed was coated by dip coating using @ichloromethane as a
solvent to form a PTAZ-2:TPD layer, on which the Alq was
deposited by vacuum deposition to form an Alq layer. 1Its
luminescent region was represented by a square being 0.5 cm in
side. The deposition conditions were the same as in Example
13. Each film thickness was: |

PTAZ-2:TFD layer (a hole-transport layer): 400A; and
Alg layer (an electron-transport layer): SOOA;

Then, on the Alq layer, magnesium was codeposited
with Silver.to form a Mg/Ag electrode layer having a film
thickness of 2000A [Mg/Ag = 10/1 (molar ratio)], on which
silver was daposit#d alone to form a protective layer having a

£ilm thickness of 1000A, thus obtaining.an organic
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electroluminescent element. The deposition rates for the
electrodé layer and the protective layer were the same as in
Example 13.

The-ITO film and the Mg/Ag electrode layer thus
prepared were used as an anode and a cathode, respectively,
and a bias voltage was applied between a couple of electrodeé
at room temperature in air to allow the luminescent layer to
emit light. Its luminance was measured using the aforesaid
luminance meter.

There observed light emission of 4500 cd/m2 in
luminance at a drive voltage of a maximum 14 V (250 mA/cm?).

Further, even if the element was preserved'at room
temperature for several days, there observed ho change in
appearance, and the element emitted light at luminance similar
to that before preservation.

Comparative Example 3

In the same manner as in Example 15 except that a
hole-transport layer composed of the TPD alone was formed by
vacuum deposition in place of the PTAZ-2:TPD layer, an organic
electroluminescent element was prepared [a TPD layer (a hole-
transport layer): 500A, an Alg layer (an electron-transport
layer): S00A], and its luminance was measured in the aforesaid
manner.

There observed light emission of 10000 cd/m? in high

luminance at a drive voltage of 14 V.
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Further, the element was preserved at room
temperature for several days. As a result, it was confirmed
that black points occurred on the luminescent surface and that
the TPD was crystallized.

_ Exanple 16

| ' On an ITO (indium-tin-oxide) coated glass substrate
having a sheet resistance of 15 Q/(0 (ITO film thickness:
1500 to 1600A, manufactured by Asahi Glass Co., Ltd.,), a
PTAZ-2 wherein 30 % by weight 6£ the TPD was molecularly
dispersed was coated by dip coating using dichloromethane as a
solvent to form a PTAZ-Z#TPD_lajer, on which a 2,5-bis(5-tert-
butyl-z-bediooxazolyl)-thiophene (hereinafter referred to as

"BBOT" ) expressed by the formula:

: t-su-@—o o@t-au (11)

as a luminescent material and the TAZ expressed by the formula
(1) as an electron-transport material were deposited in this
order by vacuum deposition method to form a BBOT layer and a
TAZ layer. The luminescgnt region was represented'by é square
being 0.5 cm in side. The deposition conditions were the same
as in Example 13. Each film thickness was:

PTAZ-2:TPD layer (a hole-transport layer): 400A;
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BBOT 1ayer'(a luminescent layer): 700A; and
raz layer (an eléétron-tranSport layer): 400A.

Then, on the Alg layer, magnesium was cddeposited
with silver to form a Mg/Ag electrode layer having a film
;hickness of 2000A [Mg/Ag -'10/1 (molar ratio)], on which
silver was depbsited alone to forq a protective layer haviné a
£ilm thickness of 1000A, thus obtaining an organic
electroluminsscent element. The deposition rates for the
electrode layer and protective layer were the same as in
gxample 13.

. The ITO £film and the Mg/Ag electrode layer of the
organic electroluﬁinescénce thus prepared were used as an
anode and a cathode, respectively, and a bias voltage was
applied between a couple of electrodes at room temperature in
air. As a result, blue light emission with good efficiency
was obtained. |

| The luminance was measured in the same manner as in
Examples 13 to 15. There observed light emission of 100 cd/g?
in luminance at a drive voltage of a maximum 18 V (8 mA/cmz),
as shown in Fig. 17 (wherein a plot O-O denotes the relation
between an applied voltage and 1uminance,'and another plot &-
A denotes the relation between aﬁ applied voltage and a
current density). | |

Further, the light emission was measured at room

temperature,using the aforesaid fluorophotometer. There
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obtained an emission spectrum having a peak at a wavelength of
443 nm, as shown in Fig. 18. The emission spectrum

corresponded to that of the BBOT. This proved that light

" emission originated from the BBOT layer of Example 16.

Comparative Example 4

In the same manner as in Example 16 except that a
hole-transport layer.composed of the TPD alone was prepared by
vacuun deposition in place of the PTAZ-2:TPD layer, thus
obtaining an organic electroluminescent element comprising a
TPD layer (a hole-transport layer): 400A; a BBOT layer (a
luminescent layer):'700A and a TAZ layer (an electron-
tfansport layer): 400A. This element, however, emitted light

with poor luminance efficiency.

T
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An organic electroluminescent element comprising

at least a layer qf 2 1,2,4-triazole derivative.

2. An organic electroluminescent element according
to claim 1, wherein the 1,2,4-triazole derivative is 3-(4-
biphenylyl)-4-phenyl-5-(4-tert-buty1pheny1)-1,2;4-triazole
expressed by the formula: |

N—-N
N .
(1)
t-Bu
3. An organic electroluminescent element according
to claim 1, which comprises, as a hole-transport luminescent

layer, a layer of poly-N-vinylcarbazole expressed by the

formula:

'—(CHz—EH)'r

wherein n denotes a polymerization degre;:
4. An organic electroluminescent element according
to
claim 3, which comprises, as an electron-transport layer, a

1
ayer of a tris(8-quinolinolato)aluminum (III) complex of the

I\
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formula :

N

N Qio
O,A!’N (3)

S. An electroluminescent element comprising a
carrier-transport control layer for selectively transporting
holes and/or electrons, which is interposed between a hole-

|0 transport layer and an electron-transport layer.

6. An e;ectroluminescent element accordin§ to claim
S5, wherein the carrier-transport control layer is a layer of
3-(4-biphenylyl)-4-phenyl-5-( 4~-tert-butylphenyl)-1,2,4~-triazole
expressed by the formula: |

15

N—
/@N .
(1)
t-Bu
20 . 7. An organic electroluminescent element according

to claim 5, wherein the carrier-transport control layer is a
1aye£ of 2-(4~biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-

oxadiazole expressed by the formula:
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N-—N .
Poa
-Bu %

. g e
N r N ' p [

la:z
diamine expressed by the formu
10

N =
O— —@_Q_@\w

(5)

Y

N (3
2%

o= Eree

' omprising
ent element C
lectroluminesc
9. An organic e
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gransport luminescent layer, said hdle-transport luminescent
layer'being composed of a polymer and at least one kind of dye
which is molecularly dispersed in the polymer.

10.. An organic electroluminescent element according
to claim 9, wherein the electron-transport layer is composed
of a single layer of a 1,2,4-triazole derivative, or two
layers consisting of the layer of the 1,2,4-triazole

derivative and a layer of a tris(8-quinolinolato)aluminum

(111) complex expressed by the formula:

e

. Z
Ne. ) O (3)
o= ey

5 11. An organic alectrolum;nescent élement according
to claim 10, wherein the 1,2,4-triazole derivative is 3-(4-
biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole

expressed by the formula:

N-N

t-Bu

12. An organic electroluminescent element according

5 to claim 9, wherein the hole-transport luminescent layer is
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composed of a polymer having carrier-transport properties and
a dye which is molecularly dispersed in the polymer.

13. An organic electroluminescent element according
to claim 12, wherein the polymer having carrier-transport
properties is a poly-N-vinylcarbazole expressed by the

formula:

-(CH:—C‘:H)-.—

wherein n denotes a polymétizafion degree.

14. An organié electroluminesdent element according
to claim 9, wherein the hole-transport luminescent IAyer is
composed of a polymer having no carrier-transport properties
and a dye and a low-molecular hole-transport material which
are molecularly dispersed ;n the polymer.

15. 2An organic electroluminescent element according
to claim 14, wherein the low-molecular hole-transport
material, which is molecularly dispefsed in the polymer having
no carrier-transport properties along with the dye, is N,N'-
diphenyl-N, N’-bis(s-methylphenyl) -1,1'~biphenyl-4,4-diamine

expressed by the formula°
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16. An organic electroluminescent element according
to claim 9, wherein a plurality of dyes to be molecularly
dispersed in the hole-transport luminescent layer, are
combined such that an emission spectrum of the hole-~ transport
luminescent layer egtends over the whole range of visible
light region having a wavelength of 400 too 700 nm.

17. An organic electroluminescent element
comprising a hole-transpért layer which contains, as a hole-
transport haterial, a high-molecular 1,2,4-triazole derivative

of a repeating unit expressed by the general formula:

OO 0O—+0-—

wherein R denotes at least one member selected from the group

consisting of: a hydrogen atom, a methyl group and an ethyl

‘group.

18. An organic electroluminescent element

—

—_—_—
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comprising a hole-transport layer which is formed by
molecularly dispersing a low-molecular hole-transport material
in a high-molecular 1,2,4-triazole dérivative of a repeating

unit expressed by the_general formula:

O L}-0—-0—+0-

wherein-R denotes at least one member selected from the group
consisting of: a hxﬁrogen atom, a methyl group and an ethyl
group, as a resin binder.

19. An organic electroluminescent element according
to claim 18, wherein the lower-molecular weight hole-transport
material, which is molecularly dispersed in the 1,2,4-triazole
derivative as a resin binder; ;s a N,N'-diphenyl-N,N’'-bis(3-

methylphenyl)-1,1'-biphenyl-4,4~diamine expressed by the

: OO0
. /© ©\Me (5)
"l




