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’ ~ DESCRIPTION

.ORGA\_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 1uminesc§nt 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 equivalent 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.luminescent layer 93 and a

Cathode 94, which are formed in this order on a glass
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reconbined within a | um nescent |ayer to generate excitons, and the
excitons excite nol ecules of |lum nescent materials constituting the

| um nescent |ayer. By enploying fluorescent dye as a |um nescent material,
there can obtain an emnm ssion spectrum as an el ectrol um nescence, being
equi val ent to photolum nescence of the dye nol ecul es. Tang and
Vansl yke recently proposed an el enent conprising two |ayers of a

hol e-transport |ayer_and an electron-transport |um nescent | ayer which

ef fi ci ent | jukSH% egﬂQﬁH\light at a |l ower voltage of about 10 V conpared

T COTLEt T Ol PUEHY S Flte 0D SO IR, £l AR L
Thi's el e”Eg}h'ys Sl q{oe.l.éé’tésbes hB’Yﬁiﬂéctecl 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
0 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
5 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
_I 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-

t?ansport luminescent layer 95, an electron-transport layer 96
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in Fig. 19 (a), conposed of an anode 91, a hole-transport [|ayer 92, an

el ectron-transport |um nescent |ayer 93 and a cathode 94, which are forned
in this order on a gl ass - 2-
substrate 90. g In this element, the hole-transport |ayer 92 not
only allows. holes to be injected fromthe anode 91 into the

el ectron-transport |um nescent |ayer 93, but prevents electrons injected

fromthe cathode 94 fron1escap|ng into the N
and a cathode 94 ich are formed in this order on a glass

gul:strate 90. 1In contrast to the_previous element, 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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anode 91 wi thout reconbining with the holes, so that the electrons are
contained into the electron-transport |um nescent |ayer 93. Thus, the

el ectron contai nnent effect due to the hole-transport |layer 92 facilitates
the reconbination of the holes and the electrons conpared with the
conventional single-layer structure elenent, resulting in a substanti al
decrease in drive voltage. Saito et al. showed that not only the.
el ectron- transport |ayer but hol e-transport |ayer can becone the
Iunlnescen&atngdﬁ-|rThﬁﬁ9ﬁQR¢4eﬁh§ %hﬂqgnkﬁ¥9¥ﬂ%§ﬁ#ﬁtqn9 elgmant; off.

Tsutsui and S. Saitq; App! Lett. fEé1989 14894
et al. al ssaitdRsét 'a’t"rﬁr&?ﬁ%'i/ér“ minqys fpificiency furthermore.

Examples of hole-transport material which constitute

Saito

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.

10 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

0 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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organi c el ectrol um nescent el ement wherein an organic |um nescent layer is
I nt erposed between a hole-transport |ayer and an electron-transport | ayer
[C. Adachi, S. Tokito, T. Tsutsui and S. Saito; Jpn. J. Appl. Phys., 27
(1988) L269] The two-| ayer structure elenment of Saito et al

I's; as shown in Flg 19 (b), conposed of an anode 91, a hole- transport
Iuninescent | ayer 95, an el ectron-transport |ayer 96

"3 and 8 gAtn0Rotbantl (ehC hdsdidn' HatBikial  #8tn8 #18b788na 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
describéd above, there are small number of material capable of
emitting blue light. The known examples are merely anthracene
0 and_distyrylbenzene de;iv;tive of which luminous efficiency is

insufficient. Accordingly, for practical applications they
are far from adequafe. |

Further, every conventional electroluminescent
element is for a single color light emission. It is therefore

5 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.

0 In order to solve the above problem, Ogura et al.
préposed 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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substrate 90. In contrast to the previ ous el enent, the
| ayer 96 not only allow electrons to be
the hol e-transport |um nescent |ayer 95, but prevents the holes injected

fromthe

‘anode 91 from escaping into the cathode 94 avoi ding the

el ectron-transport
I njected fromthe cathode 94 into

reconbi nation with the electrons, so that the holes are contained into the
hol e-transport | um nescent |ayer 95. This hole containnent effect due to

the el ectron-t
vol t age | i keW

he ol enenen LA SR e it adf 1S4 iy dhn el THAVGST

conposed 025-18 (1992)].

10

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. Ogura et al. described that 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 material 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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an anode 91, a hole-transport |layer 92, a lum nescent |ayer 97, an

el ectron-transport |ayer 96 and a cathode 94, which are fornmed in this
order on a glass substrate 90. The hole- transport |ayer 92 contains
electrons into the lum nescent |ayer 97, and the electron-transport |ayer
96 contains holes into the |lum nescent |ayer 97, so that the reconbi nation
of the electrons and the holes in the |um nescent |layer 97 is nore

efficient than the two-1|3gyer structure el ement. Further, the
el ect ron- t r gguo @S 3@*& adyantage pf Leing,unstable duegroyasdarge

exci tons gener at,ed b (1S AOYRYeRRIT R (HRMGPH50Le, ST LSk 1
‘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
0 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

irm
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-4- cat hode. Therefore, the three-layer structure elenent of Saito et
al. increases |um nous efficiency furthernore. Exanpl es of

hol e-transport naterial which constitute the above organic

el ectrol um nescent elenents are aromatic tertiary am nes such as

tri phenyl am ne. Exanples of electron- transport nmaterial are oxadi azol es.
Exanpl gs of |um nescent material are t-etraphenybutadi ene derivatives,
tris(8-t quinolinolato)al um num (l11) conpl ex mfsQ/ | benzene

deri vat'i ves gést yimMai Hinh gonprisag iafesteast one layerjfhinded . & the

above orgaﬁgc electrou9n1qfscent
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
g fora 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 luﬁihescent 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



el enents are that they can emt |ight of high lum nance at a |ower voltage
than a conventional el ectrolum nescent el enent enploying inorganic

| um nescent material, and that they can easily increase the surface area
because the respective layers can be fornmed not only by vacuum deposition
but solution application, and .that they can enit light of multi-color
dependi ng upon nol ecul ar design for organic nol ecul e. Each elenent,
however, has the disadvantage that |um nance decrease significantly with a

| on tern1en1SS| en
LTS 11y CrasFhiarbis' FREBRLEACLS 8 mudSF UphEMB MUY QiR

conventional el ectrolum nescent elenents have the di sadvantage that it is
difficult to emit blue light irrespective of organic/inorganic or '
single/plural |ayer.

N-=N

5 . t-Bu ©

is preferred because it is excellent in both electron-
0 transport properties and_hole-blocking.properties.

The second organic e;ectroluminescent 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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For exanple, the inorganic elenment has a problem

-5- that an inorganic light emssion material with a w de band gap
required for blue light emssion is limted. Mreover, such a material is
often acconpani ed by technical difficulties in crystal growh or thin film
production, thereby meking it difficult to produce an elenment fromthis

mat eri al . ' On the other hand, in the organic material, although

! carbazole) along with an elgctron-transport layer promotes
i Juminous efficiency and luminance for blue light emission to a
_ required level 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 polymer. |
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

§ S _ '
film. 1t is therefore possible to form a hole-transport
.\\ —_————
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mul ti-col or due to nol ecul ar design can be obtained as described above,
there are small nunmber of material capable of emtting blue light. The
known exanpl es are nmerely anthracene and distyryl benzene derivative of

whi ch [um nous efficiency is insufficient. Accordingly, for practical
applications they are far from adequate. Further, every
conventional el ectrolum nescent elenent is for a single color |ight
emssion. It is therefore inpossible at present to realize, by using one
elenen& | | giineseerds il@yest whezeirhdihereo harddyl bgcuirst deger iorationys

whi ch | enables a nulti-color display due to three primary color emn ssions:
R (Red): ChdgmegabionnnerystadiLication omithe Lile duentosheat release | n

order to solve the abovetprobl em ura et al
when the element emits 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 recomhinatién efficiency for
holes and electrons, resulting in light emission having high

10 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
5§ 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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proposed a three-layer structure el enent enploying a bis-di(p-

tol yl ) am nophenyl -1, | -cycl ohexane as a diam ne derivative for a

hol e-transport layer, a 1, 1-di (p-nethoxyphenyl)-4,4- diphenyl butadi ene as
a tetraphenyl but adi ene derivative for a |um nescent |ayer and a

2- (4- bi phenylyl)-5-(4-tert- : - 6-

butyl phenyl ) -1, 3, 4- oxadi azol e as an oxadi azol e derivative for an

el ectron-transport |ayer [Sharp Technical Journal, 52 (3),

b r—————————————

OGO 0+0—r

(6)
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
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

This Sheet Has Been Re ﬁ
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15-18 (1992)]. This el enent has a peak of em ssion spectrum at
wavel engt hs of 480 nmand 590 nm and emts white light. The [|ight having
t he wavel ength of 480 nmis due to the |um nescent |ayer having

hol e-transport properties, while that having a wavel ength of 590 nmis due
to the hole-transport:- layer. QOgura et al. described that the nmechani sm of
light enission fromthe hole-transport |ayer is based on diffusion of
excitons fromthe |um nescent |ayer. Mori et al. proposed an
organic eIe%h&@hubbneteenandeisnexcetbeptiShngpaisabgtnatamtemistiﬁsJayer,
wherein | UM nescent material such as a counarin 6 and a coumarin 7 being
known as a,ﬁ@&gfodye,iﬁnﬁmahonadditz%$eadneskatb#adas for a so-called

el ectron-transport material are nolecularly dispersed in a
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 electfoluminescent elements can emit

light of more than two mqtually different emission spectrums,
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hi gh- nol ecul ar pol y-N-vi nyl carbazol which serves as a hole- transport
material and a resin binder . It is their opinion that various color
light em ssions are available by selecting the kind of dye to be

nol ecul arly dispersed in the |um nescent |ayer [Oyo Buturi 61(10),

1044-1047 (1992)]. - - - This elenent may realize a nulti-color
display due to three primary colors of R, Gand B or white light em ssion
by selecting the dye kind and t he dye conbi nati on. In contrast,

the three-la er str

an %tco or i?%%t such as a multi-color 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.

.BRIEF-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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-7- Qgura has the di sadvantage of being unstable due to a large drop in
| um nescent intensity during the use. It appears that this instability is
caused by deterioration, coagulation or crystallization due to heat

rel ease when the elenment emts |ight. In the single-Ilayer
structure el enent of Mri, the reconbination of the holes and the
electrons is insufficient and its |lum nance is | ow because of being a
single |ayer. It is one object of the present invention to
provi de an organic_electrolum nescent el enent which is excellent in

| uni nous ef fi ci encyFiBunPhadc&oafidc)sarsi sFhgmatic diagramst s anot her

obj ect of the present ipvention:t
: illusgratgng the principge of light emission of an element

paving a two-layer structure wherein no TAZ layer is
jnterposed between the TPD layer as a hole-transport layer and

the Alg layer as an electron-transport layer.

gy

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

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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provi de an organi c el ectrol um nescent el enent capable of emtting such
color light, particularly blue light, at sufficient efficiency, which has
never been obtained or failed to emt light at high |um nous efficiency.
It is still another- object of the present invention to provide an organic
el ectrol um nescent- el enent which can emt |ight of nore than two nutually
different em ssion spectruns, and which can emt color |ight such as

mul ti-color display due to three primary colors and white |ight eni ssion,

v ch as never becngght hicdah GHLbACEiLaEHLLE Bls YophdidhL” o
INVENTION_ogults of éREsbibn! sPe8ePhmis COECLAQ! SULIRE CoFgakiemENt Of the
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
" 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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- 8- present invention conprises at |east one layer of a 1,2,4- triazole
derivative. The | ownol ecular 1,2,4-triazole derivative (the
term "l ow nol ecul ar” used herein is not shown by nol ecul ar wei ght, but
means that it has no . main chain structure |ike a high-nolecul ar .

1,2, 4-triazol e derivative descri bed Iater) have never been enpl oyed as an
organi c el ectrol um nescent materi al

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

T



until the present inventors do so. Al t hough the 1,2,4-triazole
derivative is not valid for a hole-transport nmaterial, if enployed it as
an electron- transport material, it presents electron-transport properties
and hol e- bl ocki ng properties superior to those of other conventional
materials. Thus the efficiency of the reconbination of electron and hol es
I ncreases and that of containnent of excitons generated by the above
conbi natiion increases, both contributing a further increase in |um nous
efficien y,#%&niq$pce of the lum nescent |ayer and stability acconpanied
t her eby. |Pa |Sﬁﬂafly, t he conbination of this derivative and a
conventignal |um nescent |ayer for blue Iight em ssion which has high

hol e-transport properties, can rais&~IMm nous efficiency and | um nance to
a required |l evel for .N (1)

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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practical applications. This realizes such blue light em ssion having high
| um nance as previously described. For the | ow nol ecul ar
1,2,4-triazol e derivative, a

3- (4- bi phenyl yl ) - 4-phenyl -5-(4-tert-butyl phenyl)-1,2,4-triazole
-9- (hereinafter referred to as "TAZ") expressed by the formul a:

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 ﬁole-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:
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N-N Is preferred because it is excellent in both electron-
transport properties and hol e-bl ocki ng properties. ' The second
organi c el ectrol um nescent elenment of the present invention is
characterized by a carrier-transport control layer for selectively
transporting holes-or electrons, which is interposed between a

hol e-transport |ayer and an electron-transport | ayer. In this
el enent, the exciton containment effect due to a carrier-transport control
| ayer conposed of material such

—(CHz—?H)T'
N

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-
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as the |l ownolecular 1,2,4-triazole derivative, which selectively
transports holes or electrons, provide the hole- transport |ayer or the

el ectron-transport layer with high |um nance and hi gh | um nous efficiency
as a lumnescent layer. It is therefore possible to increase |um nous
efficiency and |umnance as well as stability acconpani ed thereby. Hence,
the use of a hole-transport |ayer conposed of naterlal capable of emtting
blue light em ssion(e.g. the poly-Nvinyl

- 10 -
: transport luminescent layer and the 1,2,4-triazole derivative
layer realizes an organic electroluminescent 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 tris(B8-gquinolinolato)aluminum
(II11) complex (hereinafter :eferred 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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carbazole) along with an electron-transport |ayer pronotes | um nous
efficiency and |um nance for blue Iight emssion to a required |evel for
practical applications. Besi des, by selecting the material and
film thickness for the carrier-transport control | ayer, it is possible to
allow the hol e-transport layer and/or electron- transport layer to emt
light at high | um nance and high rum nous efficiency. Therefore, one

el enent can emt nore than two nutually different em ssion spectruns, by
using different em ssion spectrummaterials for the hole-transport |ayer
and el ect cbratindngpdiue djght efilissionghaviaeguhighnlumdnapcacaitc dighes of
| i ght em ssion such as the nulti-col or

efficiency.

The layer construction of the three-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-transport 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

layer) 30 are laminated in this order on an anocde 40 of a
transparent conductive material such aé IT0 (indium-tin-oxide)
being formed on a glass 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 polymer, the PVK layer 10
can be formed by the qforesaid solution application.

‘The Alg layer 30 contains at least the Alg. For

example, there are a lager consisting the Algq alone or a layer
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di splay due to three prinmary colors of R G and B, and white |ight

em ssi on. The third organic el ectrolum nescent el enent of the
present invention is characterized in that at |east one electron-transport
| ayer and at |east one hole-transport |umnescent |ayer are provided and
that the hole-transport |um nescent layer is formed by nolecularly

di spersing at |east one kind of dye in a pol yner. Speci fically,
t he hol e-transport |um nescent |ayer has heat resistance superior to that
of a conventional hole- transport |ayer of a |ow nolecular material, and
Is al so eiealdimntthen Addhds disperseiibst ratsuitiableadind@rgl aTheandql TO
film It is therefore possible to forma hol e-transport

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

i 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 layer 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 material such as ITO
(indium~-tin-oxide) being forﬁed on a glass substrate 4. It is
essential 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 power
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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| um nescent |ayer wherein there hardly occurs deterioration, aggregation,
crystallization or the like due to heat release when the element emts
light, resulting in an increase in stability. Conpared to a
singl e-layer elenment, the conbination of the aforesaid hole-transport
| um nescent layer and an electron-transport |ayer increases furthernore
carrier injection efficiency and the reconbination efficiency for
There are, for example, a 1,3,4-oxadiazole

derivative being known as an electron-transport material.

There can employ various compounds for this derivative. More

preferred is a 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3, 4-

5 oxadiazole (hereinafter referred to as "PBD") expressed by the

formula:

N—N

o

10 {-Bu

There can also employ va:ious conventional compounds
" which have been used as an electron-transport material or
15 hole-transport material.

The carrier-transport control layer 2 functions such
that either or both of thé hole-transport layer 1 or/and
electron-transport layer 3 emit light at high luminance and
high efficiency depending upon its material and its film

0 =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'-

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

———""
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hol es and el ectrons, resulting in light em ssion having high |um nous

efficiency and high | um nance. Besi des, a dye can be

easily

di spersed in a polyner by adjusting a solution. It is therefore possible

to disperse plural.dye in one hole-transport |um nescent |ayer.

realizes a nulti-color display having good color purity due to

primary color, white |ight em ssion and natural |ight enission,

‘upon the dye kind or the dye conbi nati on. The fourth

- Thi s

t hree
dependi ng
organic

el ectrol um nescent element of the present invention is characterized in
t hat t her ¢ hexefinafiteed refieirired ltol ast "FPHPOr exparessedhbyh thentfarmalaas a
hol e- transport material, a high-nolecular 1,2,4-triazole derivative

(hereinafter referred to as "PTAZ") of a repeating unit
OO0
O < W

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.

10 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 to the

5 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

L !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)).

5 At this time, the electric field strength applied on
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expressed by the general formul a (6):

- 12 - [err] wherein R denotes at | east one nenber
sel ected fromthe group

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 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/Alq interface'(Fig. 5(c)), and the Alq is excited
to emit light.
io 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
15 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
il ~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

5 excitons thus generated to emit light.
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consisting of a hydrogen atom a nethyl group and an ethyl group. _
The fifth organic el ectrolum nescent el enent of the present invention is

characterized in that there is provided wth a hole-transport
contains the PTAZ as a resin binder, and in the hol e-transport

| ayer which
| ayer a

| ow- nol ecul ar hole-- transport material is nolecularly dispersed in the

PTAZ. ‘The PTAZ used in these el enents has never been enployed as
a material for organic el ectrolum nescent elenents wuntil the present
i nventors do so. As seen fromits nol ecular structure, the PTAZ

: : | o 9 St |
accordingly, it has RabopcSRBRE haRd Cubfn 88 Tl thithnelR. SRt Fora
| ow ol ecupgg fQ&@ftﬁaﬂ§pQﬁEfﬂB£§ﬁ£f§ shhll (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 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 the £ilm thickness of the TAZ

10 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

15 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 150A), 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)).

5 When electrons are injected into the Alg layer 3 by
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Is therefore possible to forma hole-transport |ayer wherein there hardly
occurs deterioration, crystallization due to heat release when the el enent

emts light. : The PTAZ has a higher glass transition tenperature
(about 200[err]C or. nore) than a normal polynmer such as
- 13 - pol ycarbonate, and is excellent in optical characteristics.

Therefore, if enployed it as a resin binder for a so-called

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

5 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

10 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

15 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.

W Consequently, the TAZ layér 2 itself emits no light.

' As is evident_from the above 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,

5 the relation between the functions of the carrier-transport
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nol ecul ar - di spersi on hole-transport |ayer wherein a | ow nol ecul ar

hol e-transport nmaterial is nolecularly dispersed in a resin binder, it is
possi ble to prevent such a hole- transport material from causing
aggregation or crystallization due to the aforesaid heat rel ease.
Accordingly, the PTAZ is greatly useful in increasing stability, |um nous
efficiency and lum nance for an el enent. In the fifth el enent
of the present invention, the PTAZ prevents a |um nescent material being
excited by the reconbination of carriers fromform ng exciplex together
with the aesitraly devesr 2 mndkedits fiAm thiskress may nat Resesaridat eri al

emts light at high efficiency, thus |ncreaS|n%
correspond with the ‘above examples. he range of the film

thickness of the layer 2 having a specific function varies
depending upon factors such as material constituting the

5 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

10 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

15 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

%5 of its film thickness.
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| um nous efficiency of the elenent. Particularly, the conbination of the
PTAZ and a conventional |um nescent material for blue |light em ssion whose
| um nous efficiency is |ow can raise the |um nous efficiency to a required
| evel for practical applications. "~ As described above, the first
to fifth organic -electrolum nescent elenents of the present invention can
emt color light as previously nentioned, particularly blue one. Further,
t hese organic el ectrolum nescent elements can emt |ight of nore than two
mutual ly different em ssion spectruns,

Accordingly, the combinatiqn 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 by 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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- 14 - and can emt color light such as a nmulti-color display due to
three primary colors and white |ight em ssion, which has never been
produced with sufficient efficiency or has been failed to emt it at high

| um nous efficiency. BRI EF DESCRI PTI ON OF DRAW NGS

Fig. 1(a) is a vertical sectional viewillustrating a preferred enbodi nent
of the fist organic electrolum nescent elenent of the present invention,
and Fig. 1(b) is a vertical sectional viewillustrating one enbodi nent of

t he second organic electrolum nescent el enment of the present invention.
Figs. 2(a) to 2(c) Thee podiyment icongditagudihg 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 preferred 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

e e
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illustrating the principle of light em ssion of an elenent wherein the
filmthickness of the TAZ |ayer as a carrier- transport control |ayer is
sufficiently large, anong the three-layer structure of the second organic

el ectrol um nescent el enent. Fig. 3(a) to 3(c) are schematic
diagrans illustrating the principle of |light em ssion of an el enent
wherein the filmthickness of the TAZ | ayer as the carrier- transport
control layer is sufficiently small. Fig. 4(a) to 4(c) are

ol omont wherRrate, MO PRECRIzel"aRe AC'eRiSaPhobly 1Bl BB AR EpTle igne

transport CoRri@sibnychelrginBEtertdetbrrBa! ¥8eas! 128891 ekpP8ssed by the

formula:

. 9

v/

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

S §
N (8)
HsCas 00

15 ész

a coumarine 7 expressed by the formula:

<
o N
20
. HsC . (9)
= X ] 2\N O 0

EaHs

a 4-dicyanomethylene-2-methyl-6-p-dimethylaminostyryl-4H-pyran
(orange emission, hereinafter referred to as "DCM") expressed
% by the formula:
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2 and 3. - 15 -

Fig. 5(a) to 5(c) are schematic di agrans illustrating the principle of
i ght em ssion of an el enent having a two-layer structure wherein no
TAZ | ayer is I nt erposed between the TPD | ayer as a hol e-transport
| ayer and the-Alq | ayer as an electron-transport |ayer.
Fig. 6(a) is a vertical sectional view illustrating
NC. _CN
HaC O (10)
/CH3

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
10 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
15 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
20_ 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.

2 . For an electron-transport iayer used in the

Sheet Has Been Re;

HIIIIII llIIll Illl




an el enment whose el ectron-transport |ayer has a two-I|ayer structure,

is a

anong the third organic el ectrol um nescent el enent, and Fig. 6(b)
vertical sectional view illustrating an el enent whose

el ectron-transport layer is a single |ayer. Fig. 7is a
graph illustrating the neasurenent results of the relation between
drive voltage and | um nance in the first organic el ectrol um nescent
el enent prepared in Exanpl e 1. Fig. 8 is a graph
illustrating the nmeasurenent results of - the relation between drive

vol t age ag%mhuﬁhﬁaaﬁew&%h the hBQettfahsﬁbﬁenlﬁmsheebentuhayescetheeéenent

prepared in

the neasu%ﬁﬁpahploy any 1ayers composed of the conventional electron-

10

18

20

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 film

* This Sheet Hag Been R
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results of an em ssion spectrum of the organic el ectrol um nescent

el ement prepared in Exanple 2. Fig. 10 is a graph
illustrating the measurenent results of the relation between drive

vol tage and | um nance in the second organlc el ectrol um nescent el enent
prepared in 2 Exanpl e 4. - 16 -
Fig. 11 is a graph illustrating the measur enent

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.

5 | 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.

'w 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,

15 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. |

20 . 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 fends to decrease.

5 The electron-transport laYer such as the 1,2,4-~
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results of emission spectruns of the second organic el ectrol uni nescent

el ement prepared in Exanples 4, 5 and 6. Fig. 12 is a graph
illustrating the measurenent results of em ssion spectruns of the second
organi c el ectrolum nescent el enent prepared in Exanples 7 and 8.

Fig. 13 is a graph illustrating the nmeasurenment results of an em ssion
spectrumof the third organic electrolumnescent el enent prepared in
Exanpl e 9. Fig. 14 is a graph illustrating the nmeasurenent

results of an em ssion spectrumof the third organic el ectrolum nescent

el enent prepxiedole Bepivesive layer and thii jlqllayeramgyvabe spledyrating
the nmeasurenent results of _.an em ssion spectrumof the third organic

el ect r ol uni FonPesede P¥NER edeGtEons transpary Baterial such as the 1,2,4-

+riazole derivative and the Alg, 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 constituting
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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Fig. 16 is a graph illustrating the nmeasurenent results of an em ssion
spectrumof the third organic el ectrolum nescent elenent prepared in

Exanpl e 12. Fig. 17 is a graph illustrating the nmeasurenent
results of the relation between drive voltage and Tum nance in the fifth
organi c el ectrol.um nescent el enent prepared in Exanple 16. Fi g.
18 is a graph illustrating the neasurenent results of an eni'ssion spectrum

of the organic electrolunm nescent el enent prepared in Exanple 16.

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.

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

formula:

OO+

9 (Ga)

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

repeating unit expressed by the formula.

m
(6b)
Et
(hereinafter referred to as “PTAZ-2").
5 The polymerization degree of the PTAZ is not
This Sheet Has Been Re
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- 17 - -Figs. 19(a) to 19(c) are vertical sectional views
I1lustrating the conventional organic el ectrolum nescent elenents.

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention
wi |l be described in-detail. Fol I owings are to describe the
flrst organi c el ectrol um nescent el enent conpri sing at | east one | ayer of
a’ 1 ,2,4-triazole derivative. The phrase "a | ayer of a

1, 2, 4-triazole derivative" used herein denotes a | ayer containing at | east
one kind of
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
hand, if it is beyond this rahge, the layer formation by the
solufion 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
'; m 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

15 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

Qforesaid solution application..
| In both élements, it is essential to have a hole-
tfanspbrt layer containing the PTAZ. No other particular

5 restrictions are imposed thereon. There can employ either a
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the lownolecular 1,2,4-triazole derivatives as previously described.
There are, for exanple, a |ayer which solely conprises one or nore kinds
of the 1,2,4-triazole derivatives, and a |layer wherein one or nore kinds
of the 1,2,4-triazole derivatives are dispersed in a suitable binder.

The 1,2,4-triazole derivative |ayer may contain other ingredients such as
vari ous additives, which do not inhibit its function. The
1,2,4-triazole derivative |ayer can be forned by vapor phase deposition

such 25, VAU SRR Mo gyt Wone PO RO A0 BORLY wrBlclhre
e, b A e, A S, L ) e lcrson
of both elements are applicable to any elements of various
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 IﬁﬁUSTRIl; APPLICABILITY

5 _ As described above, every organic electroluminescent
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triazole derivative. Mst preferred is a TAZ expressed by the

for mul a:

T A e s - b aggeay B g ien s o .

10

15

5

—

N-N

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:
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because it is excellent in both electron-transport properties and

hol e- bl ocki ng properties. The filmthickness of this derivative
| ayer is not specifically limted in the present invention. But if it is
too thin, hole- bleck properties becone insufficient and, therefore it
requires a certain ambunt of thickness. Although its suitable range is not
specifically limted, its lower limt is preferably a range from 100 to
200 A for a vapor deposited filmof the PAZ expressed by the forrmula (1),
in order to hold a sufficient hol e-bl ocking Eropertles

Al t hough its uppe?Ppl#ﬁfer(ﬂob°éﬁe§FFP§aPF? RY®F) £05004: t hi s Iayer is too
thick, electron-transport ?ropertles decreases. For I s desired

| e
to be not nore tA& tB¥SR L8P Fﬁ@°$5ﬁﬁ'tﬂéﬁﬁg?YEdl?Y?ﬁ?gPZQ%Q
TAZ layer: 300A.

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

i




The 1,2,4-triazole derivative layer is essential to the first organic

el ectrol um nescent el enent.
That is,

mul ti-layer structure.

it may be either a
In short,

There are no
conventi onal

ot her

construction restrictions.

single-layer structure or a

the construction of the first el enent

S

- 19 -
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Fig. 1(a).

applicable to any layers irrespective of the construction kind.

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
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

laced

It



In an el ement having the multi-layer structure, no particular restrictions
to other layers than the 1,2,4- triazole derivative layer. There can
enpl oy various conventional materials used for the respective | ayers.

Al so, there are no-restrictions for the filmthickness of each |ayer

constituting the elenent. Each |ayer can be fornmed by the aforesaid

solution application and vapor phase deposition as in the 1,2,4-triazole
derivative layer. Each |ayer may contain other ingredients such as resin
bi nders and various additives, which do not directly affect the function

of the | aygk. to allow thel Dumbhéscentebayesi tocenbe ligier. ofiéde 1, 2, 4-

triazole derivative presents excellent el ectron-transport

luminance 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/m2 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.

10 The blue light emission was measured at room
temperature using a fluorophotometer (Model 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.

IS 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

0 temperature for several days, there observed no change in
éppearance, 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

nnm\ \m\'\’ i \‘i\ﬁif -



properties and hol e- bl ocking properties as described above, it 1is possible
to emt blue light em ssion at high |um nance which has been difficult to

realize by the conmbination of the 1,2,4-triazole derivative |ayer as an

el ectron-transport |layer and the hole-transport |um nescent |ayer for blue
| ight em ssion, which has high hole-transport properties. Most

preferred hole-transport | um nescent |ayer for blue light is a |ayer of

pol y-N-vinyl carbazole (hereinafter referred to as "PVK") expressed by the

formul a:

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.

10 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
15 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.
0 cdnparative Example 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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- 20 - [err] (2)

wherein n is a polynerization degree. The PVK | ayer has high hole nobility
and, therefore holes injected into the | ayer escape into a cathode, thus
normally failing to emit light. However, the blue light em ssion can be
obt ai ned by conbing the PVK | ayer with the 1,2,4-triazole derivative |ayer
which is excellent in the

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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exci tons contai nnment and hi gh hol e-bl ocki ng properti es. Furt her,
the PVK also perforns the function of the hole-transport material as seen
fromits nolecular structure, and has heat resistance superior to the
conventional hole- transport materials such as the | ow nolecular aronmatic
tertiary am ne conpounds as previously described, because it is a polyner.
Therefore, it is possible to forma hole- transport |um nescent |ayer for
blue light em ssion wherein there hardly occurs deterioration or
crystallization due to heat release on storage or |ight em ssion of the
el enent . luminanckbmegerr, the PVK | ayer is excellent in adhesion to
substrates such as I1TO glass and I TO film Hence, the conhj nati on
of the PVK | ayer as aThere-observed blue light emission of 3700 cd/m“ 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 fluorophotometer. 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 nearly corresponded to the emission spectrum of the
10 vapor deposited film composed of the TFD alone, shown by a
short broken line in Fig. 11. This proved that the light
emission originated from the TPD layer of Example 4.
Examples 5 and 6
There employed an organic electroluminescent element
15 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.
u As a result, Example S 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

3 being the emission color of the TPD layer became large, as

This Sheet Has Been RTlaced e .

AN G




- 21 - transport |um nescent |ayer and the 1,2,4-triazole derivative

| ayer realizes an organic el ectrol um nescent elenent for blue |ight
em ssion that presents excellent |umnous efficiency, |umnance and
stability and that can be put to practical use. The

pol yneri zation degree n of the PVK is not specifically linmted in the

present invention, but it is preferably about 20 to 5000. If it is bel ow

this range, heat

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.

10 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,

5 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

1} 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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resi stance and adhesion tend to be insufficient en the other hand, if it

I s beyond this range, the layer formation by solution application mght be
difficult. More preferired el enent of the conbination of the
1,2,4-triazole derivative layer and the PVK | ayer (a hole- transport

| um nescent layer) is that having a three-layer structure wherein a |ayer
of a tris(8-quinolinolato)alum.num (I11) conplex (hereinafter referred to
as "Alq") expressed by the formul a:

(indium-tin-oxide) coated glass substraté 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
5 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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I's provided as an el ectron-transport layer. In this elenent, the action of
the Alq | ayer pronotes electron injecting. . properties ta the

hol e-transport | um nescent |ayer, thus

- 22 - obtai ning-blue |ight em ssion having high | um nance at higher
efficiency. .~ The layer construction of the three-layer structure

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 eleétrodes 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/cm?. |

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 changelin

! appearance, and the element emitted light at lﬁminance similar
to that before preservafion.
Example 10

In the same manner as in Example 9 except that an

application solution was prepared by dissolving the PVK and 5

i molar % (for PVK) of the TPB in dichloromethane, an organic

ThﬁflTiﬁliﬁlﬁWlﬁﬁ -



el enent

I's not specifically limted. But, if considerationis given to the
fact that the PVK |l ayer is excellent in adhesion to substrates such as ITO

glass and I TOfilm and is forned exclusively by solution application, it
is preferable to use- an elenment wherein three |layers: a hole-transport

| um nescent

(a TAZ | ayer) 20 and an electron-transport |layer (an Alg |ayer) 30 are
|am nated in this order on an anode 40 of a transparent conductive
mat eri al

4, as showpjigetriclumin@scenit) efiefient( whs pepaekdr angeiggnerals 5 and B

denote a cathode of netal deposited filmsuch as My/ Ag and a power source

f or

such as I TO (i ndiumtin-oxide)

appl yicgharacteristicst sgret examdnedenent, respectively.

10

1

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
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
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The filmthickness for the PVK |layer 10 and the Alq Ilayer 30 is not
specifically limted in the present invention. There can set to an
appropri ate range dependi ng upon the kind of the 1,2,4-derivative to be

used and the filmthickness of the |ayers. Since the PVK | ayer
Is a polyner, the PVK |ayer 10 can be forned by the aforesaid sol ution
appl i cation. The Alq | ayer. 30 contains at |east the Al q. For

exanple, there are a | ayer consisting the Alg alone or a |ayer

B 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

i 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

B emission 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

P and its charécteristics was examined.
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wherein the Alq is dispersed in a suitable binder. The Alqg |ayer 30 can be
formed by the aforesaid solution application and vapor phase deposition.
The PVK |l ayer 10 and the Al q |layer 30 may contain other ingredients such
as various additives,- which do not inhibit the functions of the PVK and
the Alq. Follomdngs are to describe the second organic

el ectrol um nescent el enent having a three-layer structure conprising a
carrier-transport control layer, which is interposed between a

hol e-transport | ayer and an el ectron- transport |ayer. Thi s

el ement is, as shown i ghérg. observedothagtcd péak 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/00 (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

5 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:

N_ 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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| am nated three |layers: a hole-transport layer 1; a carrier- transport
control layer 2 and an electron-transport layer 3, which are forned in
this order or in the reverse order, on an anode 40 of a transparent
conductive material such as ITO (indiumtin-oxide) being formed on a gl ass
substrate 4. It is essential that the layer 2 is sandw ched between the
layers 1 and 3. In Fig. I(b), reference nunerals 5 and B denote a cat hode
of netal deposited filmsuch as My/ Ag and a power source for applying a
drive voltage to the elenent, respectively, likewise in Fig. 1(a).

Most preferred carrier- tneﬂsmttmmmlla*@éﬁ,rlﬁgnéﬁummas codeposited

carrier-transport control layer 2 is the 1,2,4- triazole derivative such .
as the TAZ. 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 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 voltag; 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 are, for exanple, a 1,3, 4-oxadi azole derivative

bei ng known as an el ectron-transport nmaterial. There can enploy various
conpounds for this derivative. More preferred is a

2- (4- bi phenyl yl)-5-(4-tert-butyl phenyl)-1, 3,4- oxadi azol e (hereinafter
referred to as "PBD') expressed by the formla:

10

15

20

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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There can al so enpl oy various conventional conpounds which have been used
as an electron-transport material or hole-transport material.

The carrier-transport control |ayer 2 functions such that either or both
of the hole-transport layer 1 or/and electron-transport layer 3 emt |ight
at high lum nance and high efficiency depending upon its material and its
film thickness as previously described. The function of the
carrier-transport control |ayer

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
5 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.
10 There observed light emission of 4500 cd/m? 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
15 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
20 electroluminescent element was prepared [a TPD layer (a hole-
transport layer): 500A, an Alg layer (an electron-transport
layer): S00A], and its luminance was heasured 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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2 wll be described through an exanpl e where there enploys a vapor
deposited filmof the TAZ (the TAZ |ayer) as a carrier- transport control
| ayer 2, a vapor deposited layer of a NN - .

di phenyl -N, N - bi s( 3- nethylphenyl) 1,1' - bi phenyl -4, 4-di am ne

- 25 (hereinafter referred to as "TPD") expressed by the fornul a:

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.

5 _ 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

10 dispersed was coated by dip coating using dichloromethane as a
solvent to form a PTAZ-2:TPD layer, on which a 2,5-bis(5~-tert-
butyl-z-benzooxazolyl)-thiophene (hereinafter referred to as

"BBOT" ) expressed by the formula:

15

: t-su-@—o o@t-au (11)

as a luminescent material and the TAZ expressed by the formula

20 (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 luminescent region was represented'by e 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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(the TPD | ayer) as a hole-transport |layer 1 and a vapor deposited film of
the Alq (the Alq | ayer) expressed by the forrmula (3) as an

el ectron-transport |um nescence | ayer 3. In general, carrier
injection into an organic insulating filmis restricted by space charge.
The current capacity that passes through the organic insulating filmis
proportional to the nobility of carriers and the square of the electric
field strength, and is inversely proportional to the cubic of the film

t hi ckness of the organic insulating film That is, the larger the electric

field strength anngBQi ié&&r (& hBufiDhésEénht | BiyeéF) £CLO0K: igndgccel erat ed.
The larger the o
raz layer (an electron-transport layer): 400A.

Then, on the Alg layer, magnesium was cddeposited
with silver to form a Mg/Ag electrode layer having a film
lhickness 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
10 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

15 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),
2 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

5 temperature,using the aforesaid fluorophotometer. There
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filmthickness, the nore carrier injection are restricted. In an
el enrent of a two-layer structure (which corresponds to the elenent of Tang
et al.) being conposed of a TPD layer 1 and an Alq |ayer 3 as shown in
Fig. 5, when a bias voltage is applied between an anode 40 and a cat hode
5, holes are firstly injected into the TPD llayer 1 and bl ocked on the

TPD Al q interface to form space charge (Fig. 5(a)). - At this
time, the electric field strength applied on
- 26 - _ :

obtained an emission spectrum having a peak at a wavelength of
443 nm, as shown in Fig. 18. The emission spectrﬁm
corresponded to that of the BBOT. This proved that light
emission originated from the BBOT layer of Example 16.
5 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): 400&: a BBOT layer (a
luminescent layer):'700A and a TAZ layer (an electron-
transport layer): 400A. This element, however, emitted light

with poor luminance efficiency.

13

20

P

e S
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the Alq layer 3 becomes. Iarger than the apparent electric field strength
appl i d bét ween  a coupl e of electrodes 40, 5 because of the space charge

on the mE thereby initiating an el ectron injection into
the Al mm‘ Immm (b)) Then, excitons are generated by
the rec icnati oh of “the holes and the electrons on the Alg layer 3 in the
vicinity of the TPDYAlq interface (Fig. 5(c)) and the Alg is excited to
emt |ight. When the TAZ | ayer is.interposed between the TPD
layer 1 and Alq layer 3, the injectioncoadss for holes and electrons are
t he sane. Wen the filmthickness of the TAZ

l. An organic electroluminescent element comprising

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

2. An 6rganic electroluminescent element according
to claim 1, 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
10 N ' (1)
t-Bu ©
3. An organic electroluminescent element according

to claim 1, which comprises, as a hole-transport luminescent

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

formula:
—¢CH z“(‘: H}=
N

2 ' :

wherein n denotes a polymerization degree.

4. An organic electroluminescent element according

to claim 3, which comprises, as an electron-transport layer, a

5

layer of a tris(8-quinolinolato)aluminum (III) complex of the
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| ayer 277 sutflélenfTY'large (for exanple, about 150A or nore) as shown
in Fig. exhi bits excellent hol e-bl ocking properties
siml ar 3 m“ﬂ t““ Q“E so that holes thus injected are bl ocked at
the T lent erf aces (Fi g. El ectrons which are being
injected into the Alg |ayer 3 by the formati on of the space charge due to
the holes are transported to the TPD/ TAZ interface because the TAZ | ayer
2 is excellent in electron-transport properties (Fig. 2(b)), and excitons
are gener at egolrmuflBe :r econbi nati on of the holes and the electrons (Fig.

2(c)) and the TPD whose excitation ---rc\\level I's lower than that of the
TAZ is excited by the . excitons thu['gg ergted to emt |ight.

“,'\:; 0o
80)!1,8 (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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.27 - - ——@a-the other hand, when the filmthickness of the TAZ

| ayer 2 j | fak smal |l (for exanple, about 50A or |ess), as shown
in Fig. Hmﬂﬁmﬁmgﬂ"&iﬂw into the TPD layer 1 by applying a bias voltage
‘bet ween a* couplee |"¢¥™ r odes 40, 5 pass through the TAZ | ayer 2 and

bl ocked at the TAZ/Alq interface to form space charge (Fig. 3(a)). The
reason why the holes pass through the TAZ layer 2 is that the injection
anount of carriers (the holes in this case) is inversely

N-N |
t-Bu ) -

8. An organic electroluminescent element according
to claim 5, wherein the hole-transport layer is a layer of
N,N'-diphenyl-N,N'~bis(3-methylphenyl)-1,1'~biphenyl-4,4-~

diamine expressed by the formula:

A AT AT s
/@ (s)

Me

10

15
and the electron-transport layer is a layer of a tris(8-

quinolinolato)aluminum (III) complex of the formula:

O
-3
o~ N

9.  An organic electroluminescent element comprising

5 at least one electron-transport layer and at least one hole-
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prOpOFtiiHRﬂ—%%F%he—Cﬂbe“ﬁf the filmthickness of the TAZ |ayer 2 being

the organi.c insu Then, electrons injects into the

Al g Iayermlmml ﬁ!ﬁm&ﬂ“l on of the space charge due to holes (Fig. 3(b)),
and exci ed- by the reconbination of the holes and the

el ectrons on fhe TAZI Al q interface (Fig. 3(c)), and then the Al q whose
excitation energy level is lower than that of the TAZ is excited by the

excitons thus generated to emit |ight. Still further, when the
fil'mthi ckngsangpoirite 1iidnelse¥at 1ayar, "EaLACHLREELE8A ﬂtt bemaheseens! ue
(in case of “being in a range from abolt 50 to about 15 sone of the

hol es whi ch 13fyeri blednige composetno£TRDpbayaer lahy aﬁplﬁasg ane kind of dye
which is molecularly dispersed in the polymer.

10.. An organic electrolumihescent 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 ahd a layer of a tris(8-quinolinolato)aluminum

(111) complex expressed by the formula:
v e
. . N

. g
N..\: O (3)
80)'......8

15 . 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

L

t-Bu

12. An organic electroluminescent element according

5 to claim 9, wherein the hole-transport luminescent layer is

n||\|\\ \lii\‘f \\Ti‘ \|ﬂi‘ii ]



bi as voltage bet ween upIe of electrodes 40, 5 are blocked on the

TPDI TAZ nlmw‘ ﬂ@ﬁhers pass through the TAZ layer 2 and are bl ocked
on the (Fig. 4(a)) When el ectrons are

I nj ected nto t%e Al q | ayer 3 -
28 - the formation of the space charge due to the hol es (Flg 4(b)),

xcl tons ar ccSBhSEal S Y dhRAEenhl ot O fed NeradlBlit Pbgdlade Uk
a dye which is molecularly dispersed in the polymer.
13. An organic electroluminescent element according
to claim 12, wherein the polymer having carrier-transport
5 properties is a poly-N-vinylcarbazole expressed by the

formula:

-(CH:—C‘:H)-.—

1§ | @-E'-D |  (2)

wherein n denotes a polymetizafion degree.
14. An organié electrolumineseent element according
15 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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(Fig. 4( “m““t d the Al g whose excitation energy levels are
Iomer th uﬂ“nmunl "excited by the excitons thus generated to emt
| i ght. Yhe® r eason why the injected holes are divided into two

types in the foregoing is that the injection amount of the holes is

I nversely proportional to the cubic of the film thickness of the TAZ | ayer
2, as described above. Since the TAZ |l ayer of the elenent in

Fig. 4 allows both of e hol es t he &l ectrons pass through, there
m ght have a chance th Keea : 'fﬂs- Nofﬂzggy occur in the TAZ
| ayer 2. The TAZ, howeve= h a [ L. SSI

at a shorter
wavel ength regi on of not nor an 4000 nm If the TAZ.is excited by
t he excitons generated %L above reconbin 0 Meexcitation(seglergy i's

transported to

5

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

10 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-

15 transport haterial, a high-molecular 1,2,4-triazole derivative

of a repeating unit expressed bylthe general formula:

OL-0—--0—+00%,

.20 R

wherein R denotes at least one member selected from the group
consisting of: a hydrogen atom, a methyl group and an ethyl

‘group.

5 18. An organic electroluminescent element

e—
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either or both of the TPD layer or/and the Al q | ayer, each having a peak

|l i ght em ssi vel ength region. Consequently, the TAZ | ayer
2 itself emlmmﬂ“mll"mﬂmnm As is evident fromthe above
description, the funltidn of the TAZ | ayer can be changed by adjusting its

film thickness within the above range, in the conbination of the TPD
| ayer 1, the TAZ layer 2 and the Alg |layer 3. However, the relation
bet ween the functions of the carrier-transport

- 29 - 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:

OO 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

5 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

formula:

: OO0

N
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control layer 2 and its filmthickness may not necessarily correspond with
t he above exanples. The range of the film thickness of the layer 2 having
a specific function varies depending upon factors such as materi al
constituting the respective layers, the layer structure (e.g. a vapor
deposited film a binder dispersed film etc.). In the above

| ayers' conbination, when usiGigasic/gbéttrotifinesdert El&lmd the PBD (the PBD
| ayer) whose el ect ron- transport properties éék#(WWN (i.e., hole-transport
properties 1is higher) than that of the in place of the TAZ-

A5 e O B R R <SRRI wn S e
electroluminescent element. -
The first element comprises a layer of a lower-

5 molecular 1,2,4-~-triazole derivative; the second element
comprises a carrier-transport control layer for selectively
transporting holes or electrons, which is interposed between
én electron~transport layer and a hole-transport layer; the
third element comprises a hole-transport layer wherein a dye

0 is molecularly dispersed and an electron-transport layer, both
being laminated eacp other; the fourth element comprises a

'~ layer containing a highfmolecular 1,2,4-triazole derivative as
a hole-transport material; and the fifth element comprises a
hole~transport layer wherein a hole-transport material is

15 molgcularly dispersed in a high-molecular 1,2,4-triazole
derivative as a resin binder.

Every organic elebtrdluminescent eleﬁent is
excellent in luminous efficiency, luminance and stability,
permitting blue light emission, multi-color light emission

% (three primary color), and white light.
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same filmthickness as the PBD because the hole injection anount is
proportional to the nobility. Therefore, in order to provide the PBD | ayer
with the sane function as the TAZ laykr, it is required to have a |arger
filmthickness than the TAZ |ayer, which will be evident from Exanples
described later. - As seen fromthe description as to Fig. 4, it
.is possible to change the ratio for the |um nescence intensity of the

hol e-transport layer 1 and the electron-transport layer 3 by adjusting the
filmthickness of the carrier-transport control |ayer 2 because the hole

I njection anount of the layer 2 such as the TAZ layer is inversely
proportional to the cubic of its filmthickness.

FIG. 1 (a)
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- 30 - Accordi ngly, the conbination of the hol e-transport

| ayer 1 and el ectron-transport layer 3 which emt light at different
spectruns |ikew se in the conbination of t TPD |ayer and the Alq | ayer,
al so offers the advantage that the <color tone of the overall enission
color being a m xed color of both |layers' em ssion colors can be finely
adjusted by suitably selecting the filmthickness of the carrier-transport
control layer 2. -
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In the second elenent, it is essential to have three |ayers: a

hol e-transport layer 1; a carrier-transpygt control layer 2 and an
el ectron-transport layer 3. No particul a restrictions are inposed upon
ot her constructions. The carrier-transport control |ayer 2 may

be solely conposed -of the carrier-transport control material such as the
TAZ and the PBD, or nay be fornmed by dispersing a carrier control materi al
in a suitable binder. The carrier-transport control |ayer 2 nmay contain
other ingredients such as various additives, which do not inhibit its
function. The respective layers including the carrier-

transport control l|ayer 2 can be—Fﬂrﬂfd—by-fhe‘aforesakd"sfﬁution
application or vapor phase depostt+es:
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Fol l owi ngs are to describe the third organic electrolum nescent el enent
wherein a hole-transport | um nescent Iaye«‘is formed by nolecularly

di spersing at |east one kind of dye in a polymner

- 31 - -The polymer constituting the hol e-transport

| um nescent |ayer may or may not have carrier-transport properties. Wen
using the polyner having no carrier-
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transport properties, there may provide it with hole-transport properties
by nol ecularly dispersing a | ownol ecular h Ie- transport material along
with a dye. Exanpl es of the pol havi ng carri er- transport
properties include pol yphenyl enevi nyl ene and |ts derivative,

pol yal kyl t hi ophene, - the PVK, ponnethyIphenyIS|Iane pol ynmer having a

tri phenyl ami ne group at a side chain or main chain, anong others. Most
preferred is the PVK because its carrier- transport properties is stable.
The pol ynerization degree n of the PVK is preferably about 20 to 5000 for
t he sanme reason above-nenti oned. For the polyner having no
carrier-transport properties, there can enploy various polynmer having
excellent optical characteristics . For exanple, there are pol ynethyl
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nmet hacryl ate, polycarbonate, polystyrene, polysulfon, polyether sulfon,

pol yal I yl at e. For dye to be mogecul arly dispersed in the

-pol ymer, there can enploy various dyes such as the aforesaid dyes for

| aser, which can be excited by excitons to generate fluorescence. Exanples
of thls dye include cyanine dye, xanthene dye, oxazine dye, coumarin
.derivative, perylene derivative, acridine dye, acridone dye, quinoline
dye, anong - 32 -

FIG. 6 (a)
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her ei nafter
[err]

others. More preferred are a tetraphenyl bﬁt adi ene (blue light
referred to as "TPB") express

d by the formula:

em ssi on,

a counarine 6 (green |ight em ssi or_1[) expressed by_the f or mul

Lumlnance (cd/m")
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a counarine 7 expressed by the fornula:

a 4-di cyanonet hyl ene- 2- net hyl - 6- p- di et hyl ag nostyryl - 4H pyran

en ssi on,

(orange

herei nafter referred to as "DCM') "expressed by the fornul a:
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- 33 - [err] For white |ight
em ssion, the conbination of the TPB of ghe fornula (7), the coumarine 6

of the fornmula-(8) and the DCM of the formula (10) is appropriate. This
conbi nation allows the em ssion spectrumof the hole-transport | um nescent

Luminescence Intensity
(arb. units)
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| ayer to extend over the whole visible light region having a wavel ength of
400 to 700 nm resulting in a good whiteaolight em ssion. The
proportion of the dye fornulated in a polyner is not specifically limted,
and a preferable range can be set depending upon the kinds of polyner and
dye, lum nescence:- intensity, color tone and the |ike. When usi ng
‘a pol ymer having no carrier-transport prépdr@GesiQit is suitable to use a
tri phenyl anine derivative as a |ower nolecular hole-transport material to
be nolecularly dispersed in the polymer. More preferred is the TPD. '
The hol e-transport | um nescent |ayer conprising the above respective
conponents can be fornmed by the aforesaid solution application.
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For an el ectron-transport |ayer used in the

- 34 - conmbi nation with the hole-transpbrt |umnescent |ayer, there can
enpl oy any | ayers conmposed of the conventional electron- transport
materials. More preferred are the |lownolecular 1,2,4-triazole derivative
| ayer and the two-|ayer structure |ayer wherein the |ayer of the
1,2,4-triazole derivative and the Alq |ay§t |a®, | #finated with each other.

intensity (arb. unit)

Lumlnescence
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Since the 1,2,4-triazole derivative is excellent both in

el ectron-transport properties and hol e-bl d&ing properties, the

reconbi nati on of electrons and holes can be sufficiently conducted in the
hol e-transport |um.nescent |ayer and, at the same tine, generated excitons
can be efficiently “~contained in the hﬁFe tmansport | um nescent | ayer,
resulting in a further increase in lu ngugﬁe?ﬁ?ciency and | um nance of

t he hol e-transport | um nescent |ayer.- ' A suitabl e exanpl e of the
| ow-nol ecul ar 1,2,4- triazole derivative is the TAZ which is excellent in
both electron- transport properties and hol e- bl ocki ng properties.

Al t hough the filmthickness of the 1,2,4-triazole derivative |ayer is not
specifically limted, if it is too

Intensity (arb unit)

Lumlnescence

Wave length (nm



g
thin, hol e-bl ocking properties becones insufficient. Thus it 1is desirable

to have an anple filmthickness. Althgugh its suitable range is not .
specifically limted, 100 to 200A or nore is appropriate for the vapor -
deposited filmof the TAZ expressed by the fornmula (1) in order to hold a
sufficient hol e-blocking properties. The upper limt of its film

-- 35 - t hi ckness is not specifically limted, but el ectron-transport
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X
properties would decrease if it is too thick. Therefore, for the vapor
deposited filmof the TAZ, its filmthijgkness is preferably not nore than -
1000A. In the conbination of ‘the 1,2,4-triazole derivative
| ayer and the Al q l-ayer, electrons injection properties to the
hol e-transport |uminescent |ayer increases further, thus obtaining an
el ement being excellent in both lum nous efficiency and high | um nance.

The filmthickness of the Alq layer is not specifically limted, but its

film thickness is preferably about 100 to 1000A, in considering of the

el ectron injection properties and the el ectron-transport propertig§ to the
hol e- transport [uUm nescent Tayer. 11 tne Agayer s rammnated; git can

be conplenentary fo the hol e-bl ocking properties of the
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1,2,4-tfiazo|e derivative layer. Therefore, the film thickness of the

1,2,4-triazole derivative |ayer nmay be

for the vapor deposited film of the TAZS Al t hough the
filmthi ckness of both layers is not specifically limted, it is
preferably about 200 to 1500A. If it is smaller than this range,
bl ock properties tends to be insufficient. On the other hand, if
el ectron-transport properties tends to decrease.
The el ectron-transport |ayer such as the 1,2, 4-

| arger than that,
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- 36 - triazole derivative layer and the Alq | ayer nmay be solely
conposed by an el ectron-transport materi allbsuch as the 1,2, 4- triazole
derivative and the Alq, or be formed by dispersing an el ectron-transport
material in a suitable binder. The electron-transport |ayer may contain
ot her ingredients such as various additives which do not inhibit its
function. The el ectron-transport |ayer can be forned by tile

af oresai d sol utionjapplication or vapor phase deposition. ~Ihe
| ayer constructionjof the third elenent is not specifically |im¢tedg.
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However, if considered that the polymer gpnstituting the hole-transport

| um nescent | ayer is excellent in adhesion to substrates such as the ITO
.glass and the ITOfilm and is forngd|e®gl usf vely by ‘the sol ution
application , it is: preferable to use those prepared by |am nating two

| ayers: a hole-transport |um nescent |ayer 11 and an el ectron-transport

| ayer 31 on an anode 40 of a transparent conductive material such as ITO
(indiumtin-oxide) being formed on a glass substrate 4 in this order, as
shown in Figs. 6(a) and 6(b). The el ectron-transport Iayer 31 of

Fig. 6(a) has a, gwo- | ayer structure mheLELn_Lmn_LayeLs—e¢—+¢E+§10
1,2,4-triazole erg vative layer (the TAZ | ayer) 3la andst he Al

: I layer 31b
are lamnated on & hole-transport |um nescent |ayer 11/in thisy order.
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In Figs. 6(a) and 6(b), the reference nunals 5 and

- 37 - B denote a cat hode of netal geEOéLte filmsuch as My/ Ag and
Al /Li and a power source for applying r'yse |tage to the elenent,
respectively. i Fol l owi ngs are to describe the fourth organic

el ectrol um nescent €l enent conprising a hole-transport |ayer which
contains the PTAZ as a hol e-transport material, and the

Luminescence Intensity (arb. unit)
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Wavelength (nm)



fifth organic el ectrolum nescent el ement conprising a hole- transport

| ayer which contains the PTAZ as a resi h9bi nder in the present invention.
For the PTAZ expressed by the fornula (6), there can suitably enploy those
having a repeating unit expressed by the fornmula: _ (hereinafter

referred to as "PTAZ-1")* or th&ﬁe havi ng a rsgeating unit expressed by
the fornul a:
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(hereinafter referred to as "PTAZ-2"). The pol yneripgation degree
ef the PTAZ is not - 38 Teex
Specifically limted in the present invention, but it is preferably about
3000 to about 30000. If it is belowthis

-1 -

DESCRIPTION
ORGANIC ELECTROLUMINESCENT ELEMENTS
TECHNICAL FIELD.

The present invention relates to organic

electroluminescent (EL) elements.
BACKGROUND ART

It is considered that the light emission of an
organic electroluminescent element iF caused by a phenomenon
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 equivalent to
photoluminescence of the dye moleéules.

Tang and Vanslyke recently proposed an element
comprising two layers of a hole-transport layer and an
electron-transport luminescent layer}yhich 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 structure is, as shown
in Fig. 19 (a), composed of an anode 91, a hole-transport '
layer 92, an electron-transport luminescént layer 93 and &

cathode 94, which are formed in this order on a glass
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range, heat resistance tends to be insufficient. On the other hand, if it
i & beyand this range, the layer formation by the solution application

m ght becone difficult. In the fourth el enent, one or nore Kkinds
of, the PTAZ are used as a hole-transport material to forma hole-transport
rayer primarily conposed of the PTAZ . 2 < In the fifth el enment, one

or nore kinds of the PTAZ are used, as a resin binder, and a | ow nol ecul ar
hol e- transport material is nolecularly dispersed in the resin binder to
forma hole-transport layer. The TPD is suitable for the |ow nol ecul ar

hol e- t r anspbstrageePPal . Bot h hol e-transport |ayers may contain
other ingredients such as various additives which do not inhibit the

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 eséaping into the
anode 91 without recombining with the holes, so that the
electrons are contained into the electron-transport
Iiminescent layer 93. Thus, the elegtron containmént effect
due to the hole-traﬁsport layer 92 facilitates the
recombination of the holes and the electrons compared with the
conventional single-layer structure, element, resulting in a
substantial decrease in drive voltage.

Saito et al. showed that not only the electron-
transport layer but holejtransport_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. élso proposed}g-three-layer structure
organic electroluminescent element wherein an organic
luminescent layer is interposed betwéen a hole-transport laver

" 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), composed of an anode 91, a hole-

transport luminescent layer 95, an electron-transport layer 96

REPLA(‘%%




function of the PTAZ and the TPD. The fil mthickness of the

ho! e-t nansport layer is not specifically limted in the present i nvention,
and it can be set to the optimumrange dependi ng upon the structure
characteristics, nanely, to which type it bel ongs. The _

hol e-transport |ayer can be fornmed by thg _aforesaid solution application.
In both elenents, it is essential to havé a hole- transport |ayer ’
containing the PTAZ. No other particular restrictions are inposed thereon.
There can enploy either a

and a cathode 94, which are formed in this order on a glass
substrate 90. In contrast to the previous element, the
electron-transport layer 96 not only allow electrons to be
injected from the cathode 94 into the hole-transport
luminescent layer 95, but prevents the holes injected from the
anode 91 from escaping into the cathode 94 évoiding the
recombination with the electrons, so that the holes are
contained into the hole-transport luqinesceht layer 95. This
hole containment effect due to the electron-transport layer 96
realizes a substantial decrease in drive voltage likewise in
the previous element.

The three-layer structure element of Séito et al.
was attained by a further improVement in the element of Tang
et al. As showﬁ in Fig. 19 (c), this element is composed of
an anode 91, a hole-transport layer 92, a luminescent iayer
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 electrogs 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 electron-transport layer 96 and the
hole-transport layer 92 prevent excitons generated by'the

above recombination from escaping into either an anode or a
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- 39 conventional two-layer structure or a multi-layer structure
conprising three or nore layers. In short, the construction of both

el ements are applicable to any el enents of various |ayer structures.

The | ayer material other than the hole-transport |ayer, which constitutes
the el enment of the two-layer structure or the multi-layer structure, is
not specifically l|imted in the preséht4rhvention. There can enpl oy
various conventional materials used for the respective layers. Also, the
filmthi ckness of the respective |layers constituting the elenent is not

specifi C%alt)ﬁc;dév t %éfleé&ee 'p e néhxi'ge/—elnéyi'eozn ‘structure element of

Saito et al. increases luminous efficiency furthermore.

Examp;es of hole-transport material which constitute
the above organic electroluminescent elements are aromatic
tertiary amines such as triphenylamine. Exampies'of electron-
transport material are oxadiazoles.' Examples of luminescenf
material are tetraphenybutadiene derivatives, tris(8-
quinolinolato)aluminum (III) complex, distyrylbenzéne
derivatives, distyrylbiphenyl derivatives.

Advantages of the above 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 can emit light of multi-color
depending upon molecﬁlar 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 conventional electroluminescent
elements have the disadvantage that it is difficult to emit
blue light irrespective of organic/inorganic or single/plurai
layer.

For example, the inorganic element has a problem
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The respective |layers can be forned by the aforesaid solution application
and vapor phase deposition, |ikewise in the hole- transport |ayer. Each

| ayer may contain other ingredients such as resin binders and various
additives which are not directly related to the |ayers' functions.

'n every organi c el ectrol um nescent elengnt_of the present invention, a
protective |layer nmay be coated to shield® The el enent against transm sSion
of water or oxygen in air, or .an elenment coated with the protective |ayer
may be further sealed with a glass or a polyner, in order to inprove

o 00 S UnbgdhlcOLubRe kbR A My fl LS el ep 1,
As descriQ@Euﬁﬁ&defofvﬁideOiﬂﬁﬂﬁceﬁi§§iéﬂl£§1f§ﬁ£€5ﬁ. Moreover, such a
material is often accompanied by technical difficulties in
crystal growth or thin film production, thereby making it
difficult to produce an element from this material.

On the other hand, in the organic material, although
multi-color due to molecular design can be oﬁéained 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 adequate.

Further, every conventional 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 aisplay due to three primary color
emissioné: R (Red); G (Greeh); 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-l,l—cyc;ohexane as a diamine derivative for
a hole-transport layer, a 1,1-di(p-methoxyphenyl)-4,4- “
diphenylbutadiene as a tetraphenylbutadiene derivativé for é

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




- 40 - el ement of the present invention drives at a |ower voltage, and
Is valid for producing a |arge-area |um nescent elenent having flexibility

because it is conposed of organic material.  Thus there is a great
applicability in the fields of indication, illumnation and display.
EXAMPLES The invention mﬁll_p% better understood by the

butylphenyl)-1,3,4-oxadiazole as an oxadiazole derivative for
an electron-transport layer [Sharp Technical Journal, 52 (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
light having the wavelength of 480 nm is due to the
luminescent layer having hole-transport properties, while that
Raving a wavelength of 590 nm is due, to the hole-tfansport
layer. Ogura et al. described that the mechanism of light
emission from the hole-transport layer is based on diffusion
of excitons from the luminescent layer.

Mori et al. proposed an organic electroluminescent
element comprising a single luminescent 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
electron-transport material are molecularly dispersed in a
high-molecular poly-~N-vinyl carbazol which serves as a hole-
transport material and a resin binder,. It is their opinion
that various color 1ight emissions are available by selecting
the kind of dye to be molecularly dispersed in the luminescent
layer [Oyo Buturi 61(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 emissioﬁ
by selecting the dye kind and tﬁe aye combination.

In contrast, the three-~layer structure element of




foll ow ng Exanpl es and Conparative Exanples which show by way of exanple.
Exanple 1 - On an I TO (indiumtin-oxide) coated glass substrate
having a sheet resistance of 15 [err] (I TO filmthickness: 1500 to 1600A,
manuf actured by Asahi dass Co., Ltd.), the TPD expressed by the formula
(5) as a hole-transport material, the _ALq_expressed by the fornula (3) as
an electron-transport material and the TAZ expressed by the fornmula (1) as
a1l ,2,4- triazole derivative were deposited in this order by vacuum
deposition to forma TPD | ayer, an Alq |layer and a TAZ | ayer,

respecti vgg¥raThas! the D&iﬁﬁa{raﬁeﬂ?enofﬁﬁeﬁﬁer§§§€Qbi’¥. duesSfyaserheyag 0.5
cmin side. The deposition conditions for each |ayer:
drop in luminescent intensity during the use. It appears that
this instability is caused by detérioration, coagulation or
crystallization due to heat release when the element emits
light.

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

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

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

It is still another object of the present invention
to provide an organic electroluminesggnt element which can
émit iight of more than two mdtually 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 to emit it at high luminous efficiency.

DISCLOSURE OF THE INVENTION

The first organic electroluminescent element of the
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Utimate vacuum degree: 2 x 10[err] Torr; . Tenperature of substitute:

Room t gnperature; and Deposition rate: 2 to 4A/sec. Each film

t hi ckness: _ - 41 - TPD | ayer
(a hole-transport |ayer): 500A; Al q |l ayer (an el ectron-transport

| ayer): 200A; and TAZ | ayer: SO%A

present invention comprises at least one layer of a 1,2,4-
triazole derivative. |

The low-molecular 1,2,4-triazole derivative (the
term "low-molecular" used herein is not shown by molecular
weight, but means that it has no main chain structure like a
high-molecular 1,2,4-triazole derivative described later) have
never been employed as an organic electroluminescent material

until the present inventors do so. [
Although the 1,2,4-triazole derivative is not wvalid
for a hole-transport material, if employed it as an electron-
transport material, it presents ele¢tron-transport properties
and hole-blocking properties superior to those of other
conventional materials. Thus the efficiency of the
recombination of electron and holes increases and that of
containment of excitons generated by the above combination
increases, both contributing a further increase in luminous
efficiency, luminance 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.é 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)-1,2,64-triazole




Then, on the TAZ | ayer, magnesi um was codeposited wth silver to forma
My/ Ag el ectrode |ayer having a film thickness of 2000A [My/Ag = 10/1
(rmolar ratio)], on which silver was deposited alone to forma protective

| ayer having a filmthickness of 1000A, thus obtaining an organic-

el ectrol um nescent el enent. The deposition rate of the electrode |ayer was
11A/sec. and that of the protective | ayep -was 10A/ sec. The I TO
filmand the My/ Ag el ectrode | ayer thus prepared were used as an anode and
a cathode, respectively, and a bias voltage was applied between a couple
of electrodes at roomtenperature in air to allow the |um nescent |ayer to
emt |ighfhereinafhenanefevmedntasasecliTasl' hgesprensednby thet Sorpwdael No.
LS-100, avarlable fromMnolta Co., Ltd.).

N—N

D”‘é W

t-Bu

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

The second organic electroluminescent element.of the
present invention is characterized by a carrier-transport
control layer for selectively 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—trénsport control layer composéd of material such
as the low-molecular 1,2,4-triazole dérivative, which
selectively transports holes or electrons, provide the hole-
transport layer or the electron-fransport layer with high
luminance and high luminous efficiency as a luminescent layer.
It is therefore possible to increase luminous efficiency and_}
luminance as well as stability accompanied 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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There observed green light emnission of 5800 cd/[err] in lunmnance at a
dr,ive voltage of a maximum 14 V (145 mA/[err] as shown in Fig. 7. This

em ssion color proved that Iight emssion originated fromthe Al q | ayer.
Exanpl e 2 On an I TO (indiumtin-oxide) coated gl ass substrate
havi ng a sheet resistance of 15 [err] (ITO filmthickness: 1500 to 1600A,
manuf actured by Asahi d ass Co., Ltd.),‘tlrﬂa PVK

- 42 - _ .

carbazole) along with an electron-transport layer promotes
luminous efficiency and luminance for blue light emission to a
required level for practical applications.

Besides, by selecting the material and film
thickness for the carrier-transport control layer, it is
possible to allow the hole-transport layer and/or electron-
transport layer to emit light at high luminénce and high
Tuminous efficiency. Therefore, one;élemenf 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 third organic electroluminescent element of the
present invention is characterized in that at least one
electron-transport layef and at least one hole-transport
luminescent layer are provided and that the hdle-transport
luminescent layer is formed by molecularly dispersing at least
one kind of dye in a polymer.

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
excellent in adhesion to a substrate such as ITO glass and ITO

film,‘ It is therefore possible to form a hoie—transport .
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expressed by the formula (2) as a hole-transport |um nescent material was
coated by a dip coating using dichloroethane as a solvent to forma PVK

| ayer, on which the TAZ expressed by the fornula (1) as a 1,2,4-triazole
derivative and the Alq expressed by the fornmula (3) as an

el ectron-transport material were deposited in this order by vacuum
deposition to forma TAZ layer and an~AtY tayer, respectively. The

| um nescent region was expressed by a square being 0.5 cmin side. The
deposition-conditions were the sane as in Exanple 1. Each filmthickness

1 oobahEkehe (TR bR e hAREET SelS dapdfPliagian. T
aggregation, crystallization or the like due to heat release
when the element emits light, resulting in an increase in
stability.

Compared to a single-layer element, the combination
of the aforesaid hole-transport luminescent layer and an
elecfron—transport layer increases furthermore carrier
Injection efficiency and the recombination efficiency for
holes and electrons, résulting in light emission having high
‘luminous efficiency and high luminance.

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-tfanspbrt luminescent layer. This
realizes a multi-color display having good color purity due to
three primary color, white light emission and natural light
emi;sion, depending upon the dye kind or the dye combination.

The fourth organic electroluminescent elemgnt of the
ﬁresent invention is characterized.iq.that there is provided

. with a hole-transport layer which contains, as a hole-
tfénsport material, a high-molecular 1,2,4-triazole derivative
(hereinafter referred to as "PTAZ") of a repeating ﬁnit

expressed by the general formula (6):

14 0CT 1996




Then, on the Alq | ayer, magnesi um was codeposited wth silver to forma
Mg/ Ag el ectrode | ayer having a film thickness of 2000A [My/ Ag = 10/1
(molar ratio)], on which silver was deposited alone to forma protective

| ayer having a filmthickness of 1000A, thus obtaining an organic

el ectrol um nescent el enent of the |ayer structure shown in Fig. 1(a).. The
deposition rates for the el ectrode | ayerldnd protective |ayer were the
sanme as in Exanple 1. The ITOfilmand the My/ Ag el ectrode | ayer
of the organic electroluninescence thus prepared were used as an anode
and a cat hode, respectively, and a bias voltage was applied between a
coupl e of electrodes g{-Lfpmtenperature_in

(6)
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
present invention is characterized in that there is provided
with a hole;transport layer which contains the PTAZ as a resin
binder, and in the hole-transport layer a low-molecular hole-
transport material is molecularly dispersed in the-PTAz.

The PTAZ 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 materjal, and yet it is
polymer. Accordingly, it has heat-resistance superior to that
of a conventional low-molecular hole-transport méterial- It
is therefore possible to form a hole-transport layer wherein
there hardly occurs deterioration, crystallization due to heat
release when the element emits light. |

The PTAZ has a higher glass transition temperature

(about 200°C or more) than a normal polymer such as
REPLACEMENT SHEET
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- 43 -

air to allow the lum nescent layer to emt light. Its |um nance

was neasured using the aforesaid | um nance neter. As a result,
l'i ght ‘emi ssion was initiated from4 V and there observed blue |ight

em ssion of 700 cd/[err] in lumnance at a drive voltage of a nmaxi num 14 V

(220 mA/[err]) as shown in Fig. 8. It showed that blue [ight em ssion of
the elenent has outstanding high lumhn e in viewof the CRT display's
| um nance at the blue color. region belﬁggbout 20 to

polycarbonate, and is excellent in optical characteristics.
Therefore, if employed it as a resin binder for a so-called
molecular-dispérsion hole-transport.layer wherein a low-~
molecular hole-transport material is molecularly dispersed in
a resin binder, it is possible to prevent such a hole-
transport material from causing aggregation or crystallization
due to the aforesaid heat release._
- Accordingly, the PTAZ is greatly useful In
increasing stability, luminous efficiency and luminance for an
element.

In the fifth element of fﬁe present 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
luninous 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 iaise the luminous efficiency to a required level for
practical applications.

As described above, the first to fifth organic

electroluminescent elements of the present invention can emit

color light as previously mentioned, particularly blue one.
Further, these organic electroluminescent elements can emit

light of more than two mutually dlfferent emission spectrums
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30 cd/[er] The blue light em ssion was neasured at room
tenperature using a fluorophotoneter (Mddel No. F4010 available from

H tachi Co, Ltd.). There observed an em ssion spectrum having a
peak at a wavelength of 410 nmas shown by a solid line in Fig. 9. The
em ssion spectrumnearly corresponded to an em ssion spectrumof the PVK
itself shown by a broken line in Fig. 9.44 This proved that [ight em ssion
originated fromthe PVK | ayer of Exanple 2. Even if the el enent
was preserved at room tenperature for several days, there observed no
change in appearance, and the elenent emtted light at |um nance simlar

and can emit color light such as a multi-color display due to
three primary colors and white light emission, which has never
been produced with sufficient efficiency or has been failed to
emit it at high luminous efficiency.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1l(a) is a vertical sectional view illustrating
a preferred embodiment of the fist organic electroluminescent
élement of the present invention, and:Fig. 1(b) is™@a wvertical
sectional view illustrating one embodiment of the second
organic electroluminescent element of the present invention.

Figs. 2(a) to 2(c) are scﬁematic diagrams
illustrating the principle of light emission of an element
wherein the film thickness of the TAZ layer as a carrier-
transport control layer is 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 of light emission of an element
wherein the film thickness of the TAZ layer as the carrier-

: transport control layer is sufficiently small.

Fig. 4(a) to 4(c) are schematic diagrams
illustrating 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.
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to that before preservation. Exampl e 3

In the same manner as in Exanple 2 except that the Alq |ayer was omtted,
an organi c el ectrol um nescent el ement
. - 44 - was prepared and its
characteristics was exam ned. : :

..15 -

Fig. 5(a) to 5(c) are schematic diagrams
illustrating the principle of light emission of an element
having a two-layer structure wherein no TAZ layer is
interposed between the 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
an element’whose electron-transport lgyer has a two-layer
Structure, among the third organic eiectroluminescéht element,
and Fig. 6(b) is a vertical sectional view illustrating an
element whose electron-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 prepared in
Example 1.

Fig. 8 is a graph illustrating the ﬁeasurement
results of the relation between drive voltage and luminance in
the first organic electroluminéscent element prepared in
Example 2. :

Fig. 9 is a graph illustrating the measurement

‘ results of an emission spectrum of the organic
electroluminescent element prepared in Example 2.

Fig. 10 is a graph illuétrating the measurement
results of the relation between drive voltage and luminance in
the second organic electroluminescent element prepared in

2 Example 4.
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A voltage for initiating |light em ssion becane slightly large and a

maxi mum current becane small, but there obtained blue light em ssion with
hi gh lum nance simlar to Exanple 2. Even if the el ement was
preserved at room tenperature for several days, there observed no change
in appearance, and the elenent emtted light at |um nance simlar to.that
bef ore preservati on. - 16 Conpar ati ve Exanple | -

In the same manner as in Exanple 2 excep% that the TAZ layer was onitted,
an organi c el ectrolum nescent elenment was prepared and its characteristics
was exam ned. Thi s el enent exhi bited green |ight em ssion whose

Fig. 11 is a graph illustrating the measurement
results of emission spectrums of the seéond organic
electroluminescent element prepared in Exampleé 4, 5 and 6.

Fig. 12 is a graph illustrating the measurement
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 illdstrating the measurement
results of an emission spectrum of‘éhe third organic
electroluminescent element prepared in Example 10.

Fig. 15'is a graph illustrating the measurement
results of an emission spectrum of the third organic
electroluminescent element prepared in Example 11.

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

Fig. 17 is a graph illustrating the measurement
results of the relation bet&een drive voltage and luminance in
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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peak is at a wavel ength of 530 nm This em ssion color proved that the

light eni

ssion originated fromthe Alq |ayer, not the PVK |layer. This

finding showed that the conbination of the PVK |ayer and the TAZ |l ayer is

essenti al
Conpar at i

to allow the PVK layer to emt blue Iight.
ve Exanple 2 There prepared an organic

el ectrol um nescent el enent conposed of yhe .PVK | ayer al one mhergin.the'TAZ
| ayer and the Al g |ayer were omtted. The |um nance of |ight em ssion was

t oo weak

to evaluate its | um nance. : Exanpl e 4

Figs. 19(a) to 19(c) are vertical sectional views
illustrating 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'l,2,4-triazole derivative"
used herein denotes a layer containing at least one kind of
the low-molecular 1,2,4-triazole defivatives as previously
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
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-triazole derivative layer can be formed by
vapor phase deposition such as vacuum deposition, or solution
application to apply, on 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 thg i,2,4-~

triazole derivative. Most preferred is a TAZ expressed by the
14 OCT 1996
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- 45 - On an I TO (indiumtin-oxide) coated gl ass substrate
havi ng. a sheet resistance of 15 [err] (ITOfilmthickness: 1500 to 1600A,
manuf actured by Asahi dass Co., Ltd.), the TPD, the TAD and the Alq were
deposited in this order by vacuum deposition to forma TPD | ayer, a TAD

| ayer and an Alq |ayer, respectively. The |um nescent region was expressed
by a square being 0.5 cmin side. The_dggosition conditions were the sane
as in Exanple 1. Each filmthickness was as foll ows: TPD | ayer (a

hol e-transport |ayer): 400A;

formula:

N—N

»@% v

-8By

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

The film thickness of this derivative layér is not
specifically limited in the present invention. But if it is
too thin, hole- block properties be&ome 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
deposited film of the PAZ expressed by the formula (1), in
order to hold a sufficient hole~blocking properties.

Although its upper limit is not specifically
limited, if thileayer is too thick, Jelectron-transport
properties decreases. For example, it is desired to be not
more than 1000A for 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 restrictions. Thét is, it may be either a
conventional single-layer structufé or a multi-layer

structure. In short, the construction of the first element is
REPLACEMENT SHEET:
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TAZ | ayer (a carrier-transport control |ayer): 150A; and Al q |l ayer (an
el ectron-transport | ayer): 450A Then, on the Al q | ayer,
magnesi um was codeposited with silver to forma My/ Ag el ectrode | ayer
having a film thickness of 2000A [My/Ag = 10/1 (rmolar ratio)], on which
silver was deposited alone to forma protective |layer having a film

t hi ckness of 1000A, thus obtaining an erganic el ectrol um nescent el enent
of the layer structure shown in Fig. 1(b). The deposition rates for the
el ectrode | ayer and the protective |ayer were the sane as in Exanple 1.
The ITO filmand the My/Ag el ectrode |ayer thus prepared were used as an
anode and®BP:iEABle, tPe3p¥clpvery, irsagpackive 96| thgcCaRStEPELLEd bet ween

a couple gtnglectrodes-
ind.

In an element having the multi-layer structure, no
particular restrictions to other layers than the 1,2,4-
triazole derivative layer. Thg:e can employ various
conventional materials used for the respective layers. Also,
fhere are no restrictions for the film thickness of each layer
constituting the element. Each 1ayep'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 egcellent 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 gy the combination of the
1l,2,4-triazole derivative layer as an electron-transport layer
and the hole-transport luminescent layer for blue light
emission, which has high hole-transport properties.

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

referred to as "PVK") expressed by the formula:
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at roomtenperature in air to allow the lum nescent |layer to emt |ight.
| .s | umi nance was neasured using the aforesaid

- 46 - | um nance neter. There observed bl ue |ight
em ssion of 3700 cd/[err] in | um nance at a drive voltage of a
maxi mum 16 V (145 mA/[err] as shown in Fig. 10.

Further, the blue |ight eni;sion was negsggeg at

-—GCHz—(llH)-n—.
N | (2)

-0

wherein n is a polymerization degree.
- The PVK layer has high holé mobility and7 therefore
holes injected into the léyer escape into a cathode, thus
normally failing to emit light. However, the blue light
emission can be obtained by éﬁﬁ%iﬁé the PVK layer with the
1,2,4-triazole derivative layer which is excellent in Fhe
excitons containment and high hole-bloqking properties.
Further, the PVK also performs 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 amine compounds as previousiy 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 deterioration or 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 ITQO film.

Hence, the combination of the PVK layer as a hole-
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roomtenperature using the aforesaid fluorophotoneter. There observed
an em ssion spectrum having a peak at a wavel ength of 464 nm as
shown by a solid line in Fig. 11. The em ssion spectrum nearly
corresponded to the em ssion spectrum of the vapor deposited film
conposed of the TPD al one, shown by a short broken line in Fig. 11.
This proved that the |ight em ssi-or2lor<4 gi nated fromthe TPD | ayer of

Exanpl e 4. Exanples 5 and 6

There enpl oyed an organi c el ectrol um nescent el enent havi ng the same

| ayer structure as in Exanple 4, but the film t hi ckness of the TAZ

| ayer as Fr@RspPe&it dumingsoentodiaxar and the dy, 2uds t@HarGSE deToR YId| e

5) or 100A Exagpl 6) to neasure each emi ssion spectrumin the sane
manner as L@yer re @y organic electroluminescent element for blue

light emission that presents excellent luminous efficiency,
luminance and stability and that can be put to practical use.

The polymerization degree n of the PVK is not
specifically limited in the present invention, but it is
preferably about 20 to 5000. If it is below this range, heat
resistance and adhesion tend to be.iﬁsufficient. en 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 tris(8-guinolinolato)aluminum
(I1I) complex (hereinafter referred to as "Alq") expressed by

the formula:

O ¢ (3)

is provided as an electron-transport layer. In this element,
the action of the Alg layer promotes.electron injecting.

properties to the hole-transport luminescent layer, thus ‘
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2 As a result, Exanple 5 exhibited a green em ssion

spectrum being | um nescent color of the Alg | ayer, as shown by a chain
line in Fig. 11. In Exanple 6, such a green |ight em ssion
becane remarkably small and, at the same tinme, blue light em ssion 2.
bei ng the enission color of the TPD | ayer becane |arge, as

- 47 - shown by a long broken line inyfig. 11, resulting in blue-

obtaining blue light emission having high luminance at higher
efficiency.

The layer construction of the three-layer structure
element is not specifically limited. But, if consideration is
gi&en to the fact that the PVK layer is excellent in adhesion
“to substrates sﬁch as ITO glass and ITO film, and is formed
exclusively by solution applic;tion, it is preferable to use
an element wherein three layers: a héie-transport Iuminescent
layer (a PVK layer) 10, a layer of a 1,2,4-triazole derivative
(a TAZ layer) 20 and an electron-transport layer (an 2alg
layer) 30 are laminated in this ordér on an anode 40 of a
transparent conductive material such as ITO (indium-tin-oxide)
being formed on a glass sﬁbstrate 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 limitedsin 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 polymer, the PVK layer 10
can be formed by the aforesaid solution application. )

The Alg layer 30 contains at least fhe Alg. For
example, there are a layer consisting the Alg alone or a laver
| REPLACEMENT SHEET
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green light em ssion of both col or em ssions being m xed.

Exanpl es 7 and 8 In the sane manner as in Exanple 4 except that
the PBD expressed by the fornmula (4), as a material constituting the
carrier-transport control |ayer, was used instead of the TAZ, an organic
el ectrol um nescent el enment of the structure shown in Fig. 1(b) was
prepared and its em ssion spectrum was "~ #Basur ed. The el enent
whose PBD | ayer had a filmthickness of 100A (Exanple 7) exhibited a green
spectrum being the em ssion color of the Alg-layer, as showm by a solid
line in Fi ment _wh

thicknesswg%Fégaoﬁthﬁéﬁpﬁﬁ §§?P§g%§ﬁgaﬁ Bysglggg&gﬁgﬁkﬁégﬁnhggﬁéAgé!m
there obspryed 5p9RLnCHLS bRl bY YRIRERWAFHCLB184E8] application
and vapor phase deposition. | |

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

Followings are to describe the second organic
g}éctroluminescent element having a ?hree;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 layer 1; a carrier-
transport control layer 2 and an electron-transport layer 3,
which are formed in this order or in the reverse order, on an
anode 40 of a transparent conductive material such as ITO
(indium-tin-oxide) being formed on a glass substrate 4. It is
essential that the layer 2 is sandwiqped between the layers 1
and 3. In Fig. l(b), reference numerals 5 and B denote a
caﬁhode of metal deposited film such as Mg/Ag and a power
source for applying 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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| i ght emi ssion being the |um nescent color of the Alqg layer was mxed with
blwue li.ght em ssion bei.ng the |um nescent color of the TPD | ayer.

Exanpl e 9 The PVK expressed by the fornula (2), 5 nmolar % (for
PVK) of the TPB expressed by the formula (7), 0.3 molar % (for PVK) of
coumarine 6 expressed by the fornmula (8) and 0.3 nolar % (for PVK) of the
DCM expressed by the formula (10) were - ®8%sol ved in dichl oronethane tao
prepare an application solution. The application solution was applied on
an | TO . :

There are, for example, a 1,3,4-oxadiazole
derivative being known as an electron-transport material.
There can employ vgrious compounds for this derivative. More
preferred is a 2—(4-biphenylyl)-5-(4-tert—butylphényl)-l,3,4-
oxadiazole (hereinafter referred to as "PBD") éxpressed by the

formula:

1-Bu

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 eithér or both of the hole-transport layer 1 or/and
electron-transport layer 3 9mit lighy 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) as a carrief:
transport control layer 2, a vapor deposited layer of a N,N'-

diphenyl-N,N'-bis(3-methylphenyl)-l,l'-biphenyl-4,4-diamine
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- 48 - (indiumtin-oxide) coated gl ass substrate having a sheet

resi stance of 15 [err] (ITO filmthickness: 1500 to 1600A, nmanufactured by
Asahi dass Co., Ltd.) by dip coating, followed by drying to forma

hol e-transport | um nescent | ayer. Then, on the hol e-transport

| um nescent |ayer, the TAZ expressed by the formula (1) and the Al q
expressed by the formula (3) as an el ecta®m~transport material were
deposited tn this order by vacuum deposition to forman el ectron-
transport |ayer of a two-layer structure. The |um nescent region was

expressed by a square being 0.5 cmin side. The _
(hereinafter referred to as "TPD") expressed by the formula:

A A SA A
//ltij (i]l\\ _ (5)

Me | Me

(the TPD layer) as a hole-transport layer i and a vapor
deposited film of the Alq (the Alg layer) expresseé by the
formula (3) as an electron-transport luminescence layer 3.

In general, carrier injéction 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 square of the
electric fiéld strength, and is inversely proportional to the
cubic of the film thickness of the organic insulating film.
That is, the larger the electric field strength and mobility,
the more carrier injection is accelerated. The larger the
film thickness, the more carrier injgction 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 lland an Alg layer 3 as shown in Fig.zs, 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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deposition conditions for the TAZ layer and Alq | ayer were as follows:

Utimte vacuumdegree: 1 to 2 x 10[err] Torr; Tenper at ure of
substrate: Roomtenperature; and Deposition rate: 2 to 4A/ second.
Each filmthickness was: Hol e-transport |um nescent |ayer: 400 to
500A; TAZ | ayer: 200A; and Al q | ayer: 300A.

Then, on the Alq | ayer, nmagnesi um was €o2igépesited wth silver to fornfa
My/ Ag el ectrode |yer having a film thickness of 2000A [My/ Ag = 10/1 (nol ar
ratio)], on which silver was deposited-alone to forma protective | ayer

having a filmthickness of | OO0A, thus obtaining an organic
the Alq layer 3 becomes iarger than the apparent electric

field strength applied between a couple of electrodes 40, 5
because of the space charge on the TPD/Alq interface, thereby
initiating an electron injection into the Alq layer 3 (Fig.
5(b)).

Then, excitons are generated by the recombination of
the holes and the electrons on the Alg layer 3 in the wvicinity
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, the injection order for holes and
electrons are the same. When the film thickness of the TAZ
layer 2 is sufficiently large (for example, about 1504 or
more) as showp 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 jihjected into the Alg
layer 3 by the formation of the space charge due to the holes
are transpo:ted to the TPD/TAZ interface because the TAZ layer
2 is excellent in electron-transport p:operties (Fig. 2(b)),
and excitons are generated by the recombination of the holes_
and the electrons (Fig. 2(c¢)) and the TPD whose excitation
energy level is lower than that of the TAZ is excited by the

excitons thus generated to emit light.
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el ectrol um nescent el enent of the |ayer structure shown in

- 49 - Fig. 6(a). The deposition rate for the el ectrode |layer and that
of the protective |layer were 11A/ sec. and | OA/sec., respectively.

The ITOfilmand the My/ Ag el ectrode | ayer thus prepared were enpl oyed as
an anode and a cathode, respectively, and a bias voltage was applied

bet ween a coupl e - 27 -

On the other hand, when the film thickness of the
TAZ layer 2 is sufficiently 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 charge (Fig. 3(a)). The reason why
the holes pass through the TAZ layer 2 is that the injection
amount of carriers (the holes in thi§'case) is inversely
proportional to the cubic of the film thickness of the TAZ
layer 2 being the organic insulating film.

Then, electrons injects into the Alg 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 Alg 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 fi%m thickness of the TAZ
layer 2 is intermediate between the above value (in case of
being in a range from about 50 to about 150A), 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 blockeq_
on the TPD/TAZ interface, the others pass through the TAZ
layer 2 and are blocked on the TAZ/Alq interface (Fig. 4(a)).

When electrons are injected into the Alg layer 3 by
REPLACEMENT SHEET
14 OCT 1996




of electrodes at roomtenperature in air to allow the |umnescent |ayer to
emt light. Its lumnance was neasured using the aforesaid |um nance

meter.’ There observed white |ight emission of 3352 cd/[err] in
| um nance at a drive voltage of 16 V and a current density of 250
myV [err]. Further, the white light em ssion was neasured at .

roomtenperature using the aforesaid flu@Bophotoneter. There obtained:-an
em ssion spectrumthat extended over a range of visible |light having a
wavel engt h of 400-700 nm as shown in Fig. 13. Still further,
even if the el enent was preserved at roomtenperature for several days,
t here obsERGefORBaERGRgET Fhe,Spagearbarganduehdoetbehrlesi (Fég 1 i ght at

| um nance simlar . . .
4(b)), excitons are generated by the recombination of the

holes and the electrons on both TPD/TAZ and TAZ/Alg interfaces
(Fig. 4(c)) 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

..¥wo types in the foregoing is that tﬁé injection amount of the
holes is inversely proportional to the cubic of the film
thickness of the 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 region of not more than 4000
nm. Even if the TAZ is excited by the excitons generated by
the above recombination, excitation ehergy is transported to
either or both of the TPD layer or/agd the Alg layer, each
having a peék light emission at a ldnger wavelength region.
Consequently, the TAZ layer 2 itself emits no light.

As is evident from the above description, the
function of the TAZ layer.can be changed by adjusting its fil@
thickness within the above range, in the combination of the
TPD layer 1, the TAZ layer 2 and the Alq layer 3. However,

the relation between the functions of the carrier-transport
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to that before preservation. Exampl e 10
In the sane manner as in Exanple 9 except that an application solution was
prepared by dissolving the PVK and 5 nDIar % (for PVK) of the TPB in

di chl or onet hane, an organic - 50 -
el ectrol um nescent elenent was prepared and its characteristics were
exani ned. 29 -

control layer 2 and its film thickness may not necessafily
correspond with the above examples. The range of the film
thickness of the ;ayer 2 having a specific function varies
depending upon factors such as material constituting the
respective 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 ;éyer) whose electron-
transport 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 pe evident from Examples described
later. | e

As seen from the description as te Fig. 4, it is
pdssible 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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There observed blue light em ssion with a lumnance of 1500 cd/[err] at a
drive voltage of 16 V.and a current density of 220 mA/[err]

Further, the blue light em ssion was neasured using the aforesaid

fl uorophotoneter. There obtained an em ssion spectrum having a peak at a
wavel ength of 450 nm as shown in Fig. 14. This proved that blue Iight.

em ssion originated from the TPB. - 30 - Still further, even if the

el enent was preserved at roomtenperature for several days, there observed
no change in appearance, and the elenent emtted [ight at | um nance

simlar to that before preservation. . Exampl e 11
In the same manner a8CPRTEIRFPNe Fhexcepbipgiionnof the hole-transport

layer 1 and electron-transport layer 3 which emit light at
different spectrums likewise in the combination of the TPD
layer and the Alqg layer, also offers the advantage that the
color tone of the overall emission color being a mixed color
of both layers' emission colors can be'fiﬂely adjusted by
suitably selecting the film thickness of the carrier-transport
control layer 2. - -

In the second element, it is essential to have three
layers: 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-transport control layer 2 may be solely
composed of the carrier-transport control material such as the
TAZ and the PBD, or may be formed by dispersing a carrier
contrbl material in a suitable binder. The carrier-transport

' confrol layer 2 may contain other ingredients such as various
additives, which do not inhibit its function.

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

Followings are to describe 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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application solution was prepared by dissolving the PVK and 1 nolar % (for
PVK) of the coumarine 6 in dichloronmethane, an organic el ectrolum nescent
el enent was prepared and its characteristics was exam ned.

There observed green light emssion with a | um nance of 2200 cd/ [err] at
a drive voltage of 16 V and a current density of 340 mA/ [err] :
Further, the green light em ssion was mead3lired using the aforesaid

fl uorophoto neter. There obtai ned an em ssion

The polymer constituting the hole-transport
luminescent layer may or may not have carrier-transport
properfies. When using the polymer having 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 polyphenylenevinyﬁene and its derivative,
polyalkylthiophene, the PVK, polymethylphenylsilane, polymer
having a triphenylamine group at a side chain or main chain,
among others. Most preferred is the PVK because its carrier-
transport properties is stable.

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

For the polymer having no carrier-transport
properties, there 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 polymer,
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
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- 51 - spectrum having a peak at a wavel ength of 510 nm as shown in
Flg 15. This proved that green |ight em ssion originated fromthe
coumarine 6. Still further, even if the el enent was preserved at
roomtenperature for several days, there observed no change in appearance,
and the elenment emtted light at lumnance simlar to that before
preservati on. ~ 3xanpl e 12. In the sane
manner as in Exanple 9 except that an application solution was prepared by
di ssol ving the PVK and 0.1 mol'ar % (for PVK) of the DCMin

i ohlor ongtiane:  flord' 20k, Set" e Wmlesashbns BRI URR REGRY 54

emission, hereinafter referred to as "TPB") expressed by the

P

C=CH—-CH=C (7)

v,

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

v,

N (8)

formula:

HSCZ\I}]
CzaHs

a coumarine 7 expressed by the formula:

HN’_@

N
HsC (9)
"IN 00

éz&*s

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

by the formula:
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characteristics was exam ned. There observed white |ight

em ssion with a lumnance of 1100 cd/[err] at a drive voltage of 16 V and
a current density of 210 mN[err]. ' Further, the white |ight

em ssion was neasured using the aforesaid quorophotoneter. As a result,

it was confirmed that the white light emission originated fromthe |ight
em ssion of the PVK whose wavel ength i s £ Tim and light em ssion of the
DCM whose wavel ength is 550 nm Thereafter, in the sane nanner
in the foregoing except that the DCM concentration for the PVK was changed
to 2 nolar % an organic eh&gjrolgpNnescent el ement was prepared and its
characteristics was exam ned.

HaC~O -
? _CHa (10)

)
CHas

For white light emission, the combination of the TPB
aof the formula (7), the coumarine 6 of the-formula_is) and the
DCM of the formula (10) is appropriate. This combination
allows the emission spectrum of the hole-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
deéending.upon the kinds of polymer and dye, luminescence.
intensity, color tone and the like.

When using a polymer having no carrier-transport
properties, it is suitable to use a triphenylamine derivative
aé a lower molecular hole-transport material to be molecularly
dispersed in the polymer. More preferred is the TPD. |

The hole-transport luminescent layer comprising the
above respéctive components can be formed by the aforesaid

solution application.

For an electron-transport layer used in thé
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- 52 - There observed that a peak value at a wavel ength of
550 nm becane | arger than that in at a wavelength of 410 nm resulting in
orange |ight em ssion. Still further, even if the elenents were
preserved at roomtenperature for several days, there observed no change
I n appearance, and the elenent emtted light at lumnance simlar to that
bef ore preservati on. - 34 -~ Exanpl e 13 :

combination with the hole-transport luminescent layer, there
can employ any layers composed of the conventional electron-
transport materials. 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 propertieﬁ and hole-bloeking
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 low-molecular 1,2, 4-
triazole derivative is the TAZ which is excellent in both
electron- transport properties and hole-blocking properties.

Although the film thicknesg of the 1,2,4-triazole
derivative layer is not specifically limited, if it is too
thin, hole-blockihg 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 film



On an I TO (indiumtin-oxide) coated glass substrate having a sheet
resistance of 15 [err] (ITO fil mthickness: 1500 to 1600A, manufactured by
Asahi dass Co., Ltd.), the PTAZ-1 expressed by the fornmula (6a) as a

hol e-transport material was coated by dip coating using dichloronethane as
a solvent to forma PTAZ-1 |layer. Then, the Al q expressed by the formula
(3) as an electron-transport materi al wasSappl i ed vacuum deposition the
PTAZ-1 layer to forma Alq |layer. The |um nescent region was represented
by a square being 0.5 cmin si'de. The deposition conditions were:

ULimie aqumadsoneer ot 02 260 hY Tinldll, but electrbAMSRAYE .
properties would decrease if it is too thick. Therefore, for
the vapor deposited film of the TAZ, its film thickness is
preferably not more than 1000A.

- In the combination of the 1,2,4-triazole derivative
layer and the Alg layer, electrons injection properties to the
hole-transport luminescent layer increases further, thus
gbtaining an element being excellentfin both lumineus
efficiency and high luminance.

The film thickness of the Alq 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 Alg 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 sthe 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-
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Deposition rate: 2 to 4A/sec. Each filmthickness was: PTAZ- 1
layer (a hole-transport |ayer): 400A; and Al g | ayer (an
el ectron-transport |ayer): 600A.

53 -

Then, on the Al q | ayer, magnesi um was codeposited with

silver to forma My/ Ag el ectrode |layer having a film thickness of 2000A

[ Mo/ Ag

10/1 (rmol ar ratio)], on which- 36 -

triazole derivative layer and the Alg layer may be solely
cbmposed 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
electron-transport layer may contain other ingredients such as
various additives which do not inhibit its function.

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

The layer construction of the third element is not
specifically limited.

However, if considered that the polymer constituting
the hole-transport 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
preferable to use those prepared by laminating two layers: 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 *ormed on a glass
substrate 4 in this order, as shown in Figs. 6(a) and 6(b).

.The electron-transport layer 31 of Fig. 6(a) has a
two-layer structure wherein two layers of théfl,2,4—triazole
derivative layer (the TAZ 1ayer) 3la and the Alg layer 31b are
laminated on a hole~-transport luminescent layer 1ll. in this
order.

In Figs. 6(a) and 6(b), the reference numerals 5 and
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- silver was deposited alone to forma protective layer having a film

t hi ckness of | 000A, thus obtaining an organic electrolum nescent el enent.
The deposition rate for the electrode |ayer and the protective |ayer were
11 A/sec. and 10A/sec., respectively. The 1 TO filmand the.
My/ Ag el ectrode | ayer thus prepared were used as an anode and a cathode
respectively, and a bias voltage was app¥ied between a coupl e of

el ectrodes  at roomtenperature in air to allow the lLum nescent |ayer to
emt light. Its [um nance was neasured using the aforesaid |um nance

i ve vol B o0RNBESaaneRFhATP 167 \EFBbrAPPPSFFRd F118 stich' 3s; ME/AGr ener,
even I LRP Bl oI  a RSB (S5LYed Lo LOBTYISIPST ALILE L31.a5LeLE' HRYS
element, respectively.

Followings 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 electrdluminescent element comprising a hole-
ftransport layer which contains the P?hz 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:

+@—4©»—©——© o

(6a)

‘hereinafter referre o as -1")*or ose having a
(h ft £ dt "PTAZ-1"); th h

repeating unit expressed by the formula:

{—@—a@»—@——@ —0—o3

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

The polymerization degree of the PTAZ is not

REPLAC:#ftnY SHEET

14 OCT 1996




appear ance, -and the elenent emtted light at |um nance simlar to that

bef ore preservati on. Exanpl e 14 I n
the sane manner as in Exanple 13 except that the PTAZ-2 expressed by the
formula (6b) as a material of .constituting a hole-transport |ayer was used
in place of the PTAZ-1, an organic el ectggl um nescent was prepared and its

| um nance was neasur ed. - 54 -

specifically limited in the present invention, but it is
preferably about 3000 to about 30000. If it is below this
range, heat resistance tends to be insufficient. On the other
hand, if it is beyond this range, 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 hoie—transport
Yayer primarily composed of the PTAZf -

In the fifth element, one or more kinds of the PTAZ
are used, as a resin binder, and a low-molecular hole-
transport material is molecularly dispersed in the resin
binder to form a hole-transport layer. The TPD is suitable
for theilow-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 f£ilm thickness of the hole-transport layer is
not specifically limited in the presgnt invention, and it can
be set to the optimum range depending upon the structure
characteristics, namely, to which type it belongs.

The hole-transport layer can be formed by the
aforesaid solution application. |

In both elements, it is essential to have a hole-
transport layer containing the fTAZ. No other particular

restrictions are imposed thereon. There can employ either a
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"There observed light em ssion of 370 cd/ [err] in lumnance at a drive
voltage of a maximum 16 V (730 mA/ [err]. Further, even if the
el enent was preserved at room tenperature for several days, there observed
no change in appearance, and the elenent emtted Iight at |um nance
simlar to that before preservation. - 39 - Exampl e 15
On an I TO (indiumtin-oxide) coated gl ass substrate having a sheet

resi stance of 15 [err] (ITO fil mthickness: 1500 to 1600A, manufactured by
Asahi dass Co., Ltd, a_ PTAZ-2 wherein 30 % ght of the TPD

expr essecCHYVenRELonad Va'%syera§t§uﬁ§P€etPEnépGPXtha%éYPEIStﬁ&§ture

nnlecularlgh

prxs;ng three or more layers. In short, the construction
of both elements are applicable to any elements of various
layer structures.

The layer material other than the hole~transport
layer, which constitutes the element of the two-layer
structure or the ﬁulti-layer structure, is not specifically
limited in the present invention. Tpére can employ wvarious
conventional materials used for the”respective layers. Also,
the film thickness of the respective layers constituting the
element is not specifically limited’in thé present invention.
The respective 1ayeré can be formed by the aforesaid solution
application and vapor phase deposition, likewise in the hole-
transport layer. Each iayer-may contain other ingredients
such as resin binders and various additives which are not
directly related to the layers' functions.

In every organic electroluminescent elemént of the
present invention, a protectiVe layer may be cbated to shield
the element against transmission of ;;ter or oxygen in air, or
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 extend the lifetime at the time of a
continuous light emission.

FIELD OF INDUSTRIAL APPLICABILITY

As described above, every organic electroluminescent
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di spersed was coated by dip coating using dichloronethane as a

solvent to

forma PTAZ-2:TPD | ayer, on which the Alg was deposited by vacuum
deposition to forman Alg layer. Its |um nescent region was represented by

a square being 0.5 cmin side. The deposition conditions were

the sane as

in Exanple 13. Each filmthickness was: 0 - PTAZ-2: TPD | ayer (a _
hol e-transport | ayer): 400A; and ﬁjﬁ | ayer (an el ectron-transport
| ayer): 800A. Then, on the Al q | ayer, magnesi um was codeposited

with silver to forma My/ Ag el ectrode |ayer having a film thic

2000A [ My/ ¥ ad £/ i]% (R4 3£ 354 L) lﬁ)}f?:ﬁqt%%ﬁ@tiééé‘é?ﬁl%’g%%}g@fm@é

forma protective yer having a ness t hus
an organi Gqng is valid for producing a large-area luminescent e

kness of

igggglone to

afl ni ng
lement

having flexibility because it is composed 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

£o0llowing Examples and Comparative Examples which show by way

of example.

Example 1

On an ITO (indium-tin-oxide) coated glass substrate

having a sheet resistance of 15 Q/} (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 1073 Torr;

Temperature of substitute: Room temperature; and

Deposition rate: 2 to 4A/sec.

Each film thickness:

T MR
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el ectrol um nescent elenent. The deposition rates for the

el ectrode | ayer and the protective |layer were the sane as in Exanple 13.
The ITOfilmand the My/ Ag el ectrode | ayer thus prepared were used as an
anode and a cat hode, respectively, and a bias voltage was applied between

a couple
| ayer to

of electrodes at roomtenperatyre in air to allow the |um nescent
emt light. Its |um nance was asured using the aforesaid

TPD lafer (a2 hole-transport layer): 5004;
Alg layer (an electron-transport layer): 200A; and
TAZ layer: 300A.

Then, on the TAZ lafer, 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
electrode layer was llA/sec. and that of the protective layer
was 10A/sec.

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 electrodes
at room temperature in air to allow the luminescent layer to

emit light. Its 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 in
luminance at a drive voltage of a maximum 14 v (145 mA/cmz) as
shown in Fig. 7. This emission color proved that light
emission originated from the Alqg layer.

Example 2

On an ITO (indium-tin-oxide) coated glass substraté

having a sheet resistance of 15 Q7 (ITO film thickness:

1500 to 16004, manufactdred by Asahi Glass Co., Ltd.), the PVK
14 0CT ’@%43 'i
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| um nance neter. There observed |ight em ssion of 4500 cd/[err]
in lumnance at a drive voltage of a maxinmum 14 V (250 mA/[err].

Further, even if the el enent was preserved at room tenperature for several
days, there observed no change in appearance, and the elenent emtted
light at lumnance simlar to that befopg preservation.

Conparative Exanple 3 In the sane manner as in Exanple 15 except-
that a hole-transport |ayer conposed of the TPD al one was forned by
vacuum deposi tion in place of the PTAZ-2:TPD | ayer, an organic

el ectrol uakg.eéggaa ByeRna! feefulbaeRalces( 8 Rbeleyanspdrholaminksaanpor t
| ayer): 500A, an Alq |ayer (an electron-transport |ayer): 500A], and its
| um nancemagerimaswasdcbatelicbgf ar @ipi 8oating 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 layer and an Alg layer, respectively. The luminescent
region was expressed by a square beigg 0.5 cm in side. The
deposition 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
silver was depdsited 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 eiectrode layer of the
organic electroluminescence thus prepared were used as an
anode and a cathode, respectively, and a bias voltage was

2 applied between a couple of electrodes at room temperature in
REPLACEMENT SHEET)
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manner . There observed |ight em ssion of 10000 cd/ [err] in high
| um nance at a drive voltage of 14 V.

- 56 - Further, the elenment was preserved at room tenperature
for several days. As a result, it was confirmed that black points occurred
on the lum nescent surface and that the g&fP?lb was crystallized.

air to allow the luminescent layer to emit light. Its
luminance was measured using the aforesaid luminance meter.

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

The blue light emission was measured at room
temperature using a fluorophotometer (Model 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. 9.
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 change'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

ity

REPLACEMENT SHEET
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Exanpl e 16 On an I TO (indiumtin-oxide) coated gl ass substrate
havi ng a sheet resistance of 15 [err] (ITO filmthickness: 1500 to 1600A,
manuf actured by Asahi dass Co., Ltd .,), a PTAZ-2 wherein 30 % by wei ght
of the TPD was nol ecul arly dispersed was coated by dip coating using

di chl oronet hane as a solvent to forma a#CZ-Z:TPD | ayer, on which a .
2,5-bis(5-tert- butyl-2-benzooxazol yl )™ t*t ophene (hereinafter referred to
as "BBOT") expressed by the fornmula: [err]. '

was prepared and its characteristics was examined.

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

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.

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 characteristics was examined.

| This element exhibited green light emission whose
peak is at a wavelength of 530 nm. This emission color proved
that the 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.
| Comparative Example 2

There prepared an organic electroluminescent element
composed of the PVK layer alone wherein the TAZ layer and the
Alg layer were omitted. The luminance of light emission was-
too weak to evaluate its luminance.

Example 4



as_a lum nescent material and the TAZ expressed by the formula (1) as an
el ectran-transport material were deposited in this order by vacuum
deposition method to forma BBOT |ayer and a TAZ |layer. The | um nescent
region was represented by a square being 0.5 cmin side. The deposition
conditions were the sanme as in Exanple 13. Each filmthickness was:
PTAZ-2: TPD | ayer (a hol e-transport |ayer) 4500A;

- 57 -

On an ITO (indium-tin-oxide) coated glass substrate
having a sheet resistance of 15 Q/0O (ITO film thickness:
1500 to 1600A, manufactured by Asahi Glass Co., Ltd.), the
TPD, the TAD and the Alg were deposited in this order by
vacuum deposition to form a TPD layer, a TAD layer and an Alqg
layer, respectively. The luminescent region was expressed by
a square being 0.5 cm in side. The deposition conditions were
the same as in Example 1. o —

Each film thickness was as follows:
TPD layer (a hole-transport layef): 4004;
TAZ layer (a carrier-transport control layer); 150A; and
Alg layer (an electron-transport layer): 450A.

Then, on the Alqg 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
film thickness of 1000A, thus obtaining an organic |
electroluminescent element of the lawyer 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 used as an anode énd a cathode, respectively,
and a bias voltage was applied between a couple of electrode;

at room temperature in air to allow the luminescent layer to

emit light. Its luminance was measured using the aforesaid

i A
T s o mma. wne |
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BBOT | ayer (a |um nescent |ayer): 700A; and . TAZ layer (an

el ectron-transport |ayer): 400A. - Then, on the Al q | ayer,
magnesi um was codeposited wth silver to forma My/ Ag el ectrode | ayer
having a film thickness of 2000A [My/Ag = 10/1 (rmolar ratio)], on which
silver was deposited alone to forma protective |ayer having a film

t hi ckness of 1000A, thus obtaining an erg@ntc electrol um nescent el enent.
The deposition rates for the electrode |ayer and protective |ayer were the
sane as in Exanple 13. : The ITOfilmand the My/ Ag el ectrode

| ayer of the organic el ectrolumnescence thus prepared were used as an
anode and-WRIRAMARICIEpectively, and a bias vol tage was

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 fluorophotometer. 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 nearly corresponded to the emission spectrum of the
vapor deposited film compoéed of the TPD aloﬁe, shown by a
short broken line in Fig. 11. This’ proved that the light
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 therssame manner as in
Example 4. |

2 As a result, Example 5 exhibited a green emission
spectrum being luminescent color of the Alg layer, as shown by
a chéin line in Fig. 11.
In Example 6, such a green light emission became
remarkably small and, at the same time, blue light emission

2. being the emission color of the TPD layer became large, as
REPLACEMENT SHEET
14 0CT 1996




applied between a couple of electrodes at roomtenperature in air. As a
result, blue light em ssion with good efficiency was obtained.

The | um nance was neasured in the sanme nanner as in Exanples 13 to 15.
There observed light em ssion of 100 cd/ [err] in lumnance at a drive
voltage of a maximum 18 V (8 mAN[err], _ g shown in Fig. 17 (wherein a plot
0-0 denotes the relation between an applied voltage and | um nance, and
another plot [er] [err] denotes the relation between an applied voltage
and a current density). Further, the light em ssion was

measur ed ahowsohy tee ihuerga buokens ilige Hm &figr.ed4i,d resudrwpigtionddlare- Ther e

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 the
TAZ, an orgﬁnic electroluminescent 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 Algq layer, as shown by a solid iine 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 Qith blue light emission being the luminescent color
of the TPD layer. .

Example 9
The PVK expressed by the formula (2), 5 molar % (for
PVK) of the TPB expressed by the formula (7), 0.3 @olar % (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

REPLACEMENY SHEET
14.0CT 1996 "




- 58 - obtai ned an em ssion spectrum having a peak at a wavel ength of '
443 nm as shown in Fig. 18. The em ssion spectrum corresponded to that of
the BBOT. This proved that light emnission originated fromthe BBOT | ayer

of Exanpl e 16. Conpar ati ve Exanple 4 In the
same manner as in Exanple 16 except that a hole-transport |ayer conposed

of the TPD al one was prepared by vacuwmddeposition in place of the '
PTAZ-2: TPD | ayer thus obtaining an organic el ectrol um nescent el enent
conprising a :

(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,
followed by drying to'fbrm 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
region was expressed by a square being 0.5 cm in .side. The
deposition conditions for the TAZ layer and Alg layer were as
follows: |

Ultimate vacuum degree: 1 to 2 = 1073 Torr;

Temperature of substrate: Room temperature; and

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

Hole-transport luminescent layer: 400 to 500A;

TAZ layer: 200A; and ”»

Alqg layer: 300A.

~ Then, on thé Alg layer, magnesium was codeposited
with silver to form a Mg/Ag electro&e 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
£film thickness of 1000A, thus obtaining an organic

electroluminescent element of the layer structure shown in
[REPLACENENT SHEET
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TPD | ayer (a hol e-transport |ayer): 400A; a BBOT |layer (a |um nescent

| ayer):* 700A and a TAZ layer (an electron- transport |layer): 400A. This

el enent ,
59

however, emtted |ight wth poor |um nance efficiency.
CLAI M5 1. An organic

el ectrol um nescent el ement conpri sing ;ai%Jgast a layer of a
2.

1,2,4-triazol e derivative.

n organic el ectrol um nescent -

el enent accordi ng

Fig. 6(a). The deposition rate fqr the electrode layer and
that of the protective layer were 11A/sec. and 104/sec.,
respectively.

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 applied between a couple
of electrodes at room temperature in air to allow the
luminescent léyer to emit light. Ite-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/cm?2.

Further, the white light emission was measured at
room temperature using the aforesaid fluorophotometer. There
obtained an emission spectruﬁ 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 presefved 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 10

In the same manner as in Example 9 except that an

application solution was prepared by dissolving the PVK and 5

molar & (for PVK) of the TPB in dichloromethane, an organic

140 %
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to claim1, wherein the 1,2,4-triazole derivative is 3-(4-

bk phenyl yl ) - 4- phenyl -5-(4-tert-butyl phenyl)-1,2,4-tri azol e expressed by
t he fornul a: . 3. An organic electrolum nescent el enent
accordi ng to claim1, which conprises, as a hole-transport |um nescent

| ayer, a layer of poly-N-vinylcarbazol e gépgessed by the formul a:

electroluminescent element was érepared and its
characteristics were examined.

There observed blue l;ght emission with a luminance
of 1500 cd/m2 at a drive voltage of_16 V and a current density
of 220 mA/cmZ. |

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

Still further, even if the élement 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 prepared by dissolving the PVK and 1
molar % (for PVK) of the coumarine 6,}n dichloromethane, an
organic electroluminescent element was prepared and its
characteristics was examined. 3

There observed green light emission with a luminance
of 2200 cd/m2 at a drive voltage of 16 V and a current density
of 340 mA/cm?. |

| Further, the green light emission was measured using

the aforesaid fluorophoto meter. There obtained an emission

[REPLACEMENT SHEET
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(2) wherein n denotes a pol ynerization degree. 4. An
organi ¢ el ectrolum nescent el ement according to claim3, which conprises,

as an electron-transport |ayer, a | ayer of a
tris(8-quinolinolato)alumnum (I11) conplex of the
- 60 - formul a : - 51 -Lerr]

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

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 12;
In the same manner as in Example 9 except that an
application solution was prepared by dissolving the PVK égd
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 voltége of 16 V and a current density
of 210 ma/cm?.

| Further, the wh;te light emission was measured using
the aforesaid fluorophotometer. As 3 result, it was confirmed
that the white light emission originated from the light
emission of the PVK whose wavelength is 410 nm and light
emission of the DCM whose wavelength is 550 nm.

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

and its characteristics was examined.

REPLACEMENT SHEET:
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(3)

5. An el ectrol um nescent el enment conprising a :

carrier-transport control |ayer for selectively transporting holes and/or
el ectrons, which is interposed between a hole- transport |ayer and an

el ectron-transport | ayer. 6. An el ectrolum nescent el enent
according to claim5, wherein the carriergfransport control layer is a

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

expressed by the formul a:

7. An organic

el ectrol um nescent el ement according to claimb5, wherein the

carrier-transport coiHdrd drddivd® thd@YLpddk value at a wavelength of
2- (4-bi phenylyl)-5-(4-tert-butyl phenyl)-1,3,4- oxadi azol e expressed by the

formul a: 550 nm became larger than that in at a wavelength of 410 nm,

resulting in orange light emission.

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

- | Example 13 - —_

On an ITO (indium-tin-oxide) coated glass substrate
having a sheet resistance of 15 Q/0 (ITO film thickness:
1500 to 16004, manuféctured 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 Alg layer. The
luminescent regidn was represented by a square being 0.5 cm in
side.

The deposition conditions were:
Ultimate vacuum degree: 1 to 2 x 10~ Torr;
Temperature substrate: Room temperature; and
Deposition rate: 2 to 4A/sec.
Each film thickness was:
PTAZ~-1 layer (a hole—tfansport layer): 400A; and

Alq layer (an electron-transport layer): 600A.

_3455!‘1@99 h
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- 61 - (4) _ 8. An organic
el ectrol um nescent el ement according to claimb5, wherein the
hol e-transport layer is a Iayer of :

- 53 -

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
silver was deposited alone.to form a protective layer having a
film thickness of 1000A, thus obtaining an organic
electroluminescent element. The deposition rate for the
electrode layer and the protective layer were 11 A/sec. and
10A/sec., respectively. P _

The ITO film and the Mg/Ag electrode layer thus
prepared were uéed 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. Its luminance was measured using the aforesaid
luminance meter. There obtained light emission of 1200 cd/m?
in luminance at a drive voltage of a maximum 16 V (lBOmA/cmz).

Still further, even if the element was preserved at
room temperature for several days, there observed no change in
appearance, and the element emitted ;ight 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 hole-transport layer was used in place of the?
PTAZ-1, an organic electroluminescent was prepared and its

luminance was measured.




N,N'-diphenyI;N,N'-bis(3-nethy|phenyl)-l,l'-biphenyl-4,4- di am ne

expressed by the fornul a: (5)
and the electron-transport layer is a layer of a tris(8-
qui nolinol ato)al um num (111) conplex of the fornmula: [err]

' - 54 -

There observed light emission of 370 cd/m2 in
luminance at a drive voltage of a maximum 16 V (730 mA/cmz).

Further, even if the element was preserved at room
temperature for several days, there observed no change in
appearahce, 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/ (ITO film thickness:
1500 to 16004, manufactured by Asahi Glass Co., Ltd.,), a
PTAZ-2 wherein 30 % by weight of the TPD expressed by the
formula (S), as a hole~transport material, was molecularly
dispersed was coated by dib coating using dichloromethane as a
solvent to form a PTAZ-2:TPD layer, on which the Alg was
deposited by vacuum deposition to form an Alg layer. Its
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:TPD layer (a hole-transport layer): 400A; and

Alg layer (an electron—transpbrt layer): SO0O0A.

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 prbtective layé; having a

film thickness of 1000A, thus obtaining an organic
14 OCT 1996




9. An organic el ectrolum nescent el enent conprising at |east one
electron-transport |ayer and at | east one hol e-

- 62 -  transport lum nescent |ayer, said hole-transport |um nescent

| ayer bei ng conposed of a polymer and at | east one kind of dye which is
nol ecul arly dispersed in the polyner. _ gg _ 10. An organic

el ectrol um nescent el ement according

electroluminescent element. The deposition rates for the
electrode 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 ﬁas applied between a couple 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 light emission of 4500.cd/m2 in
luminance at a drive voltage of a maximum 14 V (250'mA/cm2).

‘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.

Comparative Example 3

In the same manner as in Example 15 except that a
hole-transport layer composed of the’?PD alone waé 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): S500A], and its luminance was measured iﬁ the aforesaid
manner. _ -

There observed light emission of 10000 cd/m2 in high

luminance at a drive voltage of 14 V.




to claim9, wherein the electron-transport layer is conposed of a single
| ayer .of a 1,2,4-triazole derivative, or two |ayers consisting of the
| ayer of the 1,2,4-triazole derivative and a |ayer of a
tris(8-quinolinolato)aumnum (I11) conplex expressed by the formla:
[err] 11. An organic el ectrolum nescent el enent according
to claim 10, wherein the 1,2, 4-triazol e &rivative is 3-(4-
bi phenyl yl ) - 4- phenyl -5-(4-tert-butyl phenyl)-1,2,4-triazol e

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.

Example 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 of the TPD was molecularly
dispersed was coated by dip coating using dichloromethane as a
solvent to form a PTAZ-2:TPD layer, on which a 2,5-bis(5-tert-

butyl-2-benzooxazolyl)-thiophene (hereinafter referred to as

"BBOT") expressed by the formula:

t-Bu-@-'O O@-t—Bu (11)

R N ¢
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 luminescent region was represented by a square
being 0.5 cm in side. The deposition conditions were-fhe_same
as in Example 13. Each film thickness was: | |

PTAZ-2:TPD layer (a hole-transpoft layer): 4004;
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expressed by the formul a: 12. An organic
electrol um nescent el enent according to claim9, wherein the
hol e-transport | um nescent |ayer is

- 57 -

BBOT layer (a luminescent layer): 700A; and
TAZ layer (an electron-transport layer): 400A.

Then, on the Alq layer, magnesium was codeposited
with silver to form a Mg/Ag electrode layer having a film
thickness of 20004 [Mg/Ag'='10/1 (molar ratio)], on which
silver was deposited alone to form.a protective layer having a
£ilm thickﬂess of 1000A, thus obtaining an organic
electroluminescent element. The dep?sitioﬁ rates for the
electrode layer and protective layer were the same as in
Example 13.

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
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/m2
in luminance at a drive wvoltage of a’maximum i8 v (8 mA/cmz),
as shown in Fig. 17 (wherein a plot O-O denotes the relation
between an §pplied voltage'and luminance, and another plot A-
A denotes the relation between an applied voltage and a
current density).

Further, the light emission was measured at room

temperature using the aforesaid fluorophotometer. There
REPLACEMENY S:5b1
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conposed of a polymer having carrier-transport properties and a dye which
I s nolecul arly dispersed in the pol yner. 13. An organic

el ectrol um nescent el ement according to claim 12, wherein the pol yner
having carrier-transport properties is a poly-Nvinylcarbazol e expressed
by the fornmula: ' [err] (2)
wherein n denotes a polynerizati on degre®8 = 14. An organic

el ectrol um nescent el ement accordi ng

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 prepéred by
vacuum deposition in place of the PTAZ-2:TPD layer. thus
obtaining an organic electroluminescent elemeﬁt comprising a
TPD layer (a hole-transport layer): 400A; a BBOT layer (a
luminescent layer): 700A and a TAZ “layer (an electron-
transpdrt layer): 4OOA. This element, however, emitted light

with poor luminance efficiency.

14 OCT 1996 |




to claim9, wherein the hole-transport |um nescent |layer is conposed of a
po1yner”havfng-ﬂe~eaxLL3L_transport properties and a dye and a
IomanIe | e-transport material which are nolecularly dispersed in
t he poly luﬂlMﬂﬂ An organic el ectrol um nescent el ement according
to claim | ow- nol ecul ar hol e-transport material, which is
nnlecularly dlsperse i the pol ymer havi 88 -no carrier-transport
properties along with the dye, is N N - '
di phenyl - N, N - bi s(3-net hyl phenyl)-1,1 ' 1- bi phenyl -4, 4-di am ne expressed by
the formul a: CLAIMS _
1. An organic electroluminescent element comprising
at least a layer of a 1,2,4-triazoie 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-butylphenyl)-1,2,4-triazole
expressed by the formula:

N—N

pepar

t-Bu

3. 2An 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:

—CH2—CHiy+
I{l ’

wherein n denotes a polymerization degree.
4. An organic electroluminescent element accordiﬁg
to claim 3, which comprises, as an_electron—transport layer, a

layer of a tris(8-quinolinolato)aluminum (III) complex of the
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- 64 - [err] 16. "An organic
el ectrol um nescent el ement according to claim9, wherein a plurality of

dyes tﬂ#ﬂﬂnmn di spersed in the hol e-transport |um nescent |ayer,
are c ,mn " F‘Hman em ssion spectrum of. the hole- transport

| um nescent® | &yeM extends over the whol e ghange of visible

formula :

ML | (3)

5. An electroluminescent element comprising a
carrier~-transport control layer for.felectively transporting
holes and/or electrons, which is interposed between a hole-
transport layer and an electron-transport layer.

6. An electroluminescent element according 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:
N .
O .

7. An organic electroluminescent element according
to claim 5, wherein the carrier-transport control layer is a
layer of 2-(4—biphenylyl)-5-(4—tert—butylphenyl)—1,3,4—

oxadiazole expressed by the formula:

e B A

14 0CT 1996
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l'i ght re L on haV|ﬂﬂ a mavelength of 400 too 700 nm 17. An

organi c wmﬂm mﬁﬁ t ellenent conprising a hole-transport |ayer which
cont ai ns, nsport material, a high-nolecular 1,2,4-triazole

derlvatlve of ‘a repeat| ng unit expressed by the general fornula:
wherein R denotes at |east one menber selected fromthe group consisting
of : a hydrogen atom a nethyl group and~ &% &t hyl group. 18. An
organi c el ectrol um nescent el enent

(4)
t—Bu

é. An organic electroluminescent element according
to claim 5, wherein the hole-transport layer is a layer of
N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4, 4-

diamine expressed by the formula:

(5)
Me

and the electron-transport layer is a layer of a tris(8-

quinolinolato)aluminum (III) complex of the formula:
A _ ”

(3)

.
’

'
1

N... \: O
M
o) N

9. An organic electroluminescent element comprising

at least one electron-transport layer and at least one hole-
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- B5 - conpr|5|ng a hol e- transport layer which is forned by nolecularly
di‘sper 8i hol e-transport material in a high-nolecular
1,2, 4- tr”ﬂlﬂl’ﬂmum"w of a repeating unit expressed by the general
formila: * (6)

- 62 -

transport luminescent layer, said hole-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 layér is composed
of a single layer of a 1,2,44triazole derivative, or two
layers consisting of the layer of the 1,2,4-triazole
derivative and a layer of a tris(B-qginolinolato)a;pminum

(III) complex expressed by the formula:

. \: O (3)
AT
0 "N

11. An organic electroluminescent element 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:

)ID% -

12. An organic electroluminescent element according

to claim 9, wherein the hole-transport luminescent layer is
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wherein R denotes at |east one nember selected fromthe group consisting

of ! a hydro thyl group and an ethyl group, as a resin binder
19. An oagm&!ﬁﬁmmﬂm nescent el ement according to claim18, wherein
t he | ower BREY an vei ght hol e-transport material, which is nolecularly
di spersed in the 1,2, 4-triazole derivative as a resin binder, is a

N, N - di phenyl - N, N - bi s( 3- nethylphenij-@ﬁ]?-biphenyl-4,4-dianine
expressed by the fornula:

(5)

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:

- —4CHa— CH s T
: N

wherein n denotes a polymerization degree.

14. An organic electroluminescent element according
to claim 9, wherein the hole-transport luminescent layer is
composed of a polymer having no carrier-transport properties
and a dye and a low-molecular hole-transport material which

1 are molecularly dispersed in the polymer.

15. An organic electroluminescent element according
to claim 14, wherein the low-molecular hole-transport
material, which is molecularly dispersed in the polymer having
no carrier-transport properties along with the dye, is N,N'-~
diphenyl-N,N‘-bis(3-methylphenyl)-l,l'-biphenyl-4,4—diamine"i

expressed by the formula:
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(5)

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

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

of a repeating unit éxpressed by the general formula:

O O—OO—O—0F

. R

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

!{i 14 0CT 9%
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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 derivative of a repeating

unit expressed by the general formula:

OL-0O—-0+0r |

—_— R ..-' _

wherein R denotes at least one member selected from the group
consisting of: a hydrogen 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, is a N,N'-diphenyl-N,N'-bis(3-
methylphenyl)-1,1'-biphenyl-4,4-diamine expressed by the

formula: : ”

OO0
N N

Me | Me
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ORGANIC ELECTROLUMINESCENT ELEMENTS .
ABSTRACT

The present invention relates to an organic
electroluminescent element.

The first element comprises a layer of a lower-
molecular 1,2,4-triazole derivative; the second element
combrises a_carrier-transport control layer for selectively
transporting holes or eléctrons, which is interposed between
an electron-transport layer and a hole-transport layer; the
third element comprises a hole-transport layer wherein a dye
is molecularly dispersed and an electron-transport layer, both
being laminated each other; the fourth element comprises a |
layer containing a high~molecular 1,2,4-triazole derivative as
a hole~transport material; and the fifth element comprises a
hole-transport layer wherein a hole~transport material is
molecularly dispersed in a high-molecular 1,2,4-triazole
derivative as a resin binder.

Every organic electroluminescent element is
excellent in luminous efficiency, luminance and stability,
pefmitting blue light emission, multi-color light emission

(three primary color), and white light.

Figures l1a and 1b
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