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SERIES-CONNECTED ORGANIC
ELECTROLUMINESCENT MODULE AND
DISPLAY DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese appli-
cation no. 101106951, filed on Mar. 2, 2012.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to an organic electrolumines-
cent module, and more particularly to a series-connected
organic electroluminescent module and a display device
including the same.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescence device (OELD),
also referred as an organic light emitting diode (OLED), is a
solid state element, and has a better shock resistance com-
pared to a presently-used liquid crystal display device. Fur-
thermore, the OELD emits light by itself, and is different from
the liquid crystal display device in which a backlight unit
cooperates with the twist of liquid crystals to control a light
luminance emitted from the liquid crystal display device.
Accordingly, the OELD has a relatively large viewing angle,
and would not have a problem of viewing angle limitations.
Besides, the luminance of the OELD can be adjusted by the
combination of carriers, and the OLED has a luminance
response speed faster than that of the liquid crystal display
device in which an equivalent liquid crystal capacitor is used
to control the luminance thereof. Especially, the OLED canbe
formed on a soft flexible substrate. As such, the OELD has a
better shock resistance, a wider viewing angle, a faster
response speed and is flexible and light-weight, and thus has
been applied for actual commercial use, such as lighting
devices or displays.

[0006] Referring to FIG. 1, a conventional OLED com-
prises a transparent glass substrate 11, an anode 12 formed on
the glass substrate 11, an electroluminescent body 14 formed
on the anode 12, and a cathode 13 formed on the electrolu-
minescent body 14. The electroluminescent body 14 is
formed on the surface of the anode 12 by ahole injecting layer
141, a hole transporting layer 142, an organic light emitting
layer 143, an electron transporting layer 144, and an electron
injecting layer 145 in this order. Either one of the anode 12
and the cathode 13 is made of a transparent, light transmissive
conductive material, for example, a very thin metal, a con-
ductive oxide metal or a conductive polymer.

[0007] When an external direct current driving current
source 15 1s supplied to the anode 12 and the cathode 13, holes
from the anode 12 are introduced into the hole injecting layer
141 of the electroluminescent body 14, and then moved to the
organic light emitting layer 143 through the hole transporting
layer 142. On the other hand, electrons from the cathode 13
are introduced into the electron injecting layer 145 of the
electroluminescent body 14, and then moved to the organic
light emitting layer 143 through the electron transporting
layer 144. Next, the electrons and holes are recombined to
become an excited state. Finally, the excited electron-hole
pairs release the energy that turns into a light, and return to a
ground state. The light passes through the electroluminescent
body 14 and the surface of the cathode 13 or the anode 12 to
be emitted externally.
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[0008] However, such a conventional organic light emitting
diode has a disadvantage in that only the electron-hole pairs
from the anode 12 and the cathode 13 may be moved to the
organic light emitting layer 143 and then recombined at the
organic light emitting layer 143 to produce light, which
causes the driving voltage of the conventional organic light
emitting diode to be too high when a predetermined lumi-
nance is desired, or results in a lower luminance when a
predetermined driving voltage is supplied.

[0009] Referring to FIG. 2, to overcome this disadvantage,
in 2003, professor Junji Kido of Yamagata University in Japan
disclosed a series-connected organic electroluminescent
module that comprises a transparent glass substrate 21, an
anode 22 formed on the glass substrate 21, two electrolumi-
nescent bodies 24 disposed on the anode 22, an intermediate
connection body 25 disposed between the electroluminescent
bodies 24, and a cathode 23 disposed on a top face of the
electroluminescent bodies 24 distal from the glass substrate
21.

[0010] Similar to the electroluminescent body of the con-
ventional organic light emitting diode, the electroluminescent
bodies 24 comprise a hole injecting layer 241, a hole trans-
porting layer 242, an organic light emitting layer 243, an
electron transporting layer 244, and an electron injecting
layer 245.

[0011] When an external direct current driving current
source 26 is supplied to the anode 22 and the cathode 23,
electron-hole pairs are formed in the intermediate connection
body 25 as the intermediate connection body 25 is influenced
by the electrical field generated by the direct current. Elec-
trons in the intermediate connection body 25 are moved
toward the anode 22 and injected into the organic light emit-
ting layer 243 of the electroluminescent body 24 thatis proxi-
mate to the anode 22, while holes in the intermediate connec-
tion body 25 are moved toward the cathode 23 and injected
into the organic light emitting layer 243 of the electrolumi-
nescent body 24 that is proximate to the cathode 23. At this
time, the holes supplied from the external direct current driv-
ing current source 26 are introduced into the hole injecting
layer 241 of the electroluminescent body 24 that is proximate
to the anode 22 through the anode 22, and then moved to the
organic light emitting layer 243 through the hole transporting
layer 242. On the other hand, the electrons supplied from the
external direct current driving current source 26 are intro-
duced into the electron injecting layer 245 of the electrolu-
minescent body 24 thatis proximate to the cathode 23 through
the cathode 23, and then moved to the organic light emitting
layer 243 through the electron transporting layer 244. Thus,
the electrons formed in the intermediate connection body 25
and the holes from the external source are recombined at the
organic light emitting layer 243 of the electroluminescent
body 24 that is proximate to the anode 22 to emit light exter-
nally, while the holes formed in the intermediate connection
body 25 and the electrons from the external source are recom-
bined at the organic light emitting layer 243 of the electrolu-
minescent body 24 that is proximate to the cathode 23 to emit
light externally.

[0012] It is found that, in the abovementioned series-con-
nected organic electroluminescent module, in addition to the
electron-hole pairs from the anode 22 and the cathode 23,
additional electron-hole pairs may be formed in the interme-
diate connection body 25 between the electroluminescent
bodies 24 by virtue of the p-n junction principle, and then
recombined in the organic light emitting layer 243 to emit
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light. Therefore, a doubled luminance may be obtained when
the supplied direct current driving current is the same as that
of the conventional organic light emitting diode, or a longer
service life may be obtained as compared with the conven-
tional organic light emitting diode when both produce a pre-
determined luminance. However, a higher driving voltage is
required for the series-connected organic electroluminescent
module.

[0013] Accordingly, there are many researches concerning
the series-connected organic electroluminescent module,
suchas U.S. Pat. No. 7,728,517, U.S. Pat. No. 7,821,201, U.S.
Pat. No. 7,968,217, etc., in which an n-type doped organic
semiconductor layer in cooperation with a p-type doped
organic semiconductor layer or a metal oxide layer serves as
an intermediate connection body for generating electron-hole
pairs as being influenced by the electrical field generated by
the external electricity. Moreover, the series-connected
organic electroluminescent module has become a main trend
in developing the OLED, and thus, many efforts have focused
on the development of the organic electroluminescent module
that has lower driving voltage and higher luminance.

SUMMARY OF THE INVENTION

[0014] Therefore, an object of the present invention is to
provide a series-connected organic electroluminescent mod-
ule with a lower driving voltage.

[0015] According to one aspect of this invention, a series-
connected organic electroluminescent module comprises:
[0016] a plurality of electroluminescent bodies each
including an organic light-emitting layer;

[0017] atleast one charge-generating body capable of gen-
erating holes and electrons while being irradiated, and dis-
posed to connect respective adjacent two of the electrolumi-
nescent bodies so as to form a series-connection of the
electroluminescent bodies and the at least one charge-gener-
ating body; and

[0018] an electrode unit including an anode and a cathode
that are respectively electrically connected to two outermost
ones of the electroluminescent bodies which are respectively
disposed on two opposite terminals of the series-connection
of the electroluminescent bodies and the at least one charge-
generating body.

[0019] According to another aspect of this invention, a
series-connected organic electroluminescent module com-
prises:

[0020] a plurality of electroluminescent bodies each
including an organic light-emitting layer capable of emitting
light while receiving holes and electrons;

[0021] at least one charge-generating body including an
n-type material layer and a p-type material layer, the charge-
generating body being disposed to connect respective adja-
cent two of the electroluminescent bodies so as to form a
series-connection of the electroluminescent bodies and the at
least one charge-generating body, the n-type and p-type mate-
rial layers being made of a material capable of absorbing
visible light; and

[0022] an electrode unit including an anode and a cathode
that are respectively electrically connected to two outermost
ones of the electroluminescent bodies which are respectively
disposed on two opposite terminals of the series-connection
of the electroluminescent bodies and the at least one charge-
generating body.

[0023] Preferably, the charge-generating body is capable of
generating holes and electrons while receiving electricity.
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[0024] The effect of this invention: The charge-generating
body can generate holes and electrons not only while receiv-
ing electricity, but also while being irradiated by an external
light or the light emitted from the electroluminescent bodies.
The generated holes and electrons can be respectively pro-
vided to two adjacent electroluminescent bodies, thereby
reducing driving voltage of the series-connected organic elec-
troluminescent module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments of the invention, with
reference to the accompanying drawings, in which:

[0026] FIG. 1 is a schematic side view of a conventional
organic light emitting diode;

[0027] FIG. 2 is a schematic side view of a conventional
series-connected organic electroluminescent module;

[0028] FIG. 3 is a schematic side view of a first preferred
embodiment of a series-connected organic electrolumines-
cent module according to the present invention;

[0029] FIG. 4is a schematic side view of a bottom emission
type organic electroluminescent module of the first preferred
embodiment;

[0030] FIG. 51saschematic side view of a reverse arranged
bottom emission type organic electroluminescent module of
the first preferred embodiment;

[0031] FIG. 6isaschematic side view of a reverse arranged
top emission type organic electroluminescent module of the
first preferred embodiment;

[0032] FIG. 7 is a schematic side view of the series-con-
nected organic electroluminescent module of the first pre-
ferred embodiment according to the present invention, in
which a charge-generating body has a p-type material layer
and an n-type material layer;

[0033] FIG. 8isaschematic side view ofa second preferred
embodiment of a series-connected organic electrolumines-
cent module according to the present invention;

[0034] FIG. 9 is a schematic side view of the second pre-
ferred embodiment of the series-connected organic electrolu-
minescent module comprising a plurality of electrolumines-
cent bodies and charge-generating bodies; and

[0035] FIG. 10 is a schematic side view of a third preferred
embodiment of a series-connected organic electrolumines-
cent module according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Before the present invention is described in greater
detail, it should be noted herein that like elements are denoted
by the same reference numerals throughout the disclosure.
[0037] Referring to FIG. 3, a first preferred embodiment of
a series-connected organic electroluminescent module
according to the present invention comprises: a substrate
structure 3, two electroluminescent bodies 4, a charge-gener-
ating body 5, and an electrode unit 6. The series-connected
organic electroluminescent module of this invention is pref-
erably used in a display device.

[0038] In the first preferred embodiment, the substrate
structure 3 comprises a glass substrate or a flexible substrate,
but is not limited thereto.

[0039] The electroluminescent bodies 4 are superimposed
on the substrate structure 3. Fach of the electroluminescent
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bodies 4 includes an organic light-emitting layer 41. The
organic light-emitting layer 41 forms excited electron-hole
pairs while receiving electrons and holes, and the electron-
hole pairs return to a ground state after the energy is released
to produce light. To transfer the electrons and holes more
effectively to the organic light-emitting layer 41, each of the
electroluminescent bodies 4 further includes a hole transport-
ing unit 42 formed on and connected to a first surface 411 of
the organic light-emitting layer 41, and an electron transport-
ing unit 43 formed on and connected to a second surface 412
of the organic light-emitting layer 41 opposite to the first
surface 411. The hole transporting unit 42 includes a hole
transporting layer 422 connected to the organic light-emitting
layer 41, and a hole injecting layer 421 connected to the hole
transporting layer 422. The electron transporting unit 43
includes an electron transporting layer 432 formed on and
connected to the organic light-emitting layer 41, and an elec-
tron injecting layer 431 formed on and connected to the
electron transporting layer 432.

[0040] The hole transporting layer 422 of the hole trans-
porting unit 42 is mainly made of NPB (N,N'-bis(naphthalen-
1-y])-N,N*-bis(phenyl)-benzidine), TPD (N,N'-bis(3-meth-
ylphenyl)-N,N'-bis(phenyl)-benzidine), or TAPC (Di-[4-(N,
N-ditolyl-amino)-phenyl]cyclohexane). = The  electron
injecting layer 431 of the electron transporting unit 43 is
mainly made of lithium fluoride. The electron transporting
layer 432 is mainly made of Alq; (Tris(8-hydroxy-quinoli-
nato) aluminum), BPhen (4,7-diphenyl-1,10-phenanthro-
line), or BAlq (Bis(2-methyl-8-quinolinolate)-4-(phenylphe-
nolato) aluminum). The organic light-emitting layer 41 is
mainly made ofan organic light emitting material that may be
selected based on the wavelength range of a light to be emit-
ted. For example, if a red light is to be emitted, the organic
light emitting material may be mainly made of DCITB (4-
(dicyanomethylene)-2-tert-butyl-6-(1,1,7,7-tetramethyljulo-
lidin-4-yl-vinyl)-4H-pyran). If a green light is to be emitted,
the organic light emitting material may be mainly made of
Alq, (Tris(8-hydroxy-quinolinato) aluminum). If a blue light
is to be emitted, the organic light emitting material may be
mainly made of DPVBI (4,4'-bis[4-(di-p-tolylamino)styryl]
biphenyl). However, the materials of the organic light-emit-
ting layer 41, the hole transporting unit 42, and the electron
transporting unit 43 are not limited to the abovementioned
materials, and other materials may be used for the hole trans-
porting unit 42, the electron transporting unit 43 and the
organic light-emitting layer 41 of the electroluminescent bod-
ies 4 as long as the highest occupied molecular orbital
(HOMO) of the hole transporting unit 42 and the lowest
unoccupied molecular orbital (LUMO) of the electron trans-
porting unit 43 may permit the electrons and holes to transit to
the organic light-emitting layer 41 and generate light of a
predetermined wavelength.

[0041] The charge-generating body 5 is disposed to con-
nect between the electroluminescent bodies 4 so as to form a
series-connection of the electroluminescent bodies 4 and the
charge-generating body 5. The charge-generating body 5 is
capable of generating holes and electrons while being irradi-
ated. Preferably, the charge-generating body 5 is further
capable of generating holes and electrons while receiving
electricity.

[0042] The electrode unit 6 includes an anode 61 and a
cathode 62 that are respectively electrically connected to the
electroluminescent bodies 4 which are respectively disposed
on two opposite terminals of the series-connection of the
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electroluminescent bodies 4 and the charge-generating body
5. More specifically, the anode 61 is electrically connected to
the outermost layer of one of the electroluminescent bodies 4,
i.e., the hole injecting layer 421, while the cathode 62 is
electrically connected to the outermost layer of the other one
of the electroluminescent bodies 4, i.e., the electron injecting
layer 431.

[0043] In the present invention, the electroluminescent
bodies 4 are light transmissible so that the charge-generating
body 5 disposed between the electroluminescent bodies 4 can
receive light energy. The substrate structure 3 comprises a
glass substrate or a flexible substrate, but is not limited
thereto. The substrate is made of transparent or opaque mate-
rial.

[0044] When the charge-generating body 5 is irradiated, the
charge-generating body 5 is excited to generate electron-hole
pairs, wherein the electrons are moved toward the electrolu-
minescent body 4 that is proximate to the anode 61, and then
moved to the organic light-emitting layer 41 that is proximate
to the anode 61 through the electron injecting layer 431 and
the electron transporting layer 432 of the electroluminescent
body 4, while the holes are moved toward the electrolumi-
nescent body 4 that is proximate to the cathode 62, and then
moved to the organic light-emitting layer 41 that is proximate
to the cathode 62 through the hole injecting layer 421 and the
hole transporting layer 422 of the electroluminescent body 4.
At this time, the holes from an external driving current source
8 are introduced into the hole injecting layer 421 of the
electroluminescent body 4 that is proximate to the anode 61
through the anode 61, and then moved to the organic light-
emitting layer 41 through the hole transporting layer 422. In
addition, the electrons from the external driving current
source 8 are introduced into the electron injecting layer 431 of
the electroluminescent body 4 that is proximate to the cathode
62 through the cathode 62, and then moved to the organic
light-emitting layer 41 through the electron transporting layer
432. Thus, the electrons formed in the charge-generating
body 5 and the holes from an external source are recombined
at the organic light emitting layer 41 of the electrolumines-
cent body 4 that is proximate to the anode 61 to emit light
externally, while the holes formed in the charge-generating
body 5 and the electrons from the external source are recom-
bined at the organic light emitting layer 41 of the electrolu-
minescent body 4 that is proximate to the cathode 62 to emit
light externally.

[0045] In addition, when the charge-generating body 5 in
the first preferred embodiment is influenced by a current
flowing through the electrode unit 6, electrons and holes are
also generated by virtue of a potential difference, and similar
to that described above, the electrons and holes may be intro-
duced respectively into the adjacent electroluminescent bod-
ies 4, thereby enabling the organic light-emitting layers 41 of
the electroluminescent bodies 4 to emit light.

[0046] Further, when the electroluminescent bodies 4 emit
light, the light emitted toward the charge-generating body 5
may excite the charge-generating body 5 to generate electrons
and holes so that more electron-hole pairs may exist in the
adjacent electroluminescent bodies 4.

[0047] In this preferred embodiment, the charge-generat-
ing body 5 may generate electrons and holes while receiving
light and/or electricity, and does not need to completely rely
on the electricity transferred through the electrode unit 6 to
generate the electrons and holes. Therefore, in accordance
with the present invention, consumption of electricity can be
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reduced, thereby effectively reducing the driving voltage of
the organic electroluminescent module.

[0048] In this embodiment, the surface of the cathode 62
serves as a light-outputting surface. That is, the anode 61 is
connected to the substrate structure 3 and the cathode 62 is a
transparent electrode to form a top emission type organic
electroluminescent module.

[0049] FIG. 4 illustrates another example of the first pre-
ferred embodiment of the series-connected organic electrolu-
minescent module of the present invention. In this example,
the anode 61 is connected to the substrate structure 3, the
anode 61 is a transparent electrode, and the substrate of the
substrate structure 3 is made of a transparent material to form
abottom emission type organic electroluminescent module in
which the surface of the anode 61 serves as a light-outputting
surface. FIG. 5 illustrates still another example of the first
preferred embodiment of the series-connected organic elec-
troluminescent module of the present invention. In this
example, the cathode 62 is connected to the substrate struc-
ture 3, the cathode 62 is a transparent electrode, and a sub-
strate of the substrate structure 3 is made of a transparent
material to form a reverse arranged bottom emission type
organic electroluminescent module in which the surface of
the cathode 62 serves as a light-outputting surface. Alterna-
tively, as shown in FIG. 6, the cathode 62 may be connected
to the substrate structure 3 and the anode 61 is a transparent
electrode to form a reverse arranged top emission type
organic electroluminescent module in which the surface of
the anode 61 serves as a light-outputting surface. In addition,
the abovementioned electrodes may be made of a conductive
metal, an oxide metal or a conductive polymer. It is under-
stood that various lighting modes may be obtained depending
on the manner of connections and the light transmissive prop-
erties of the anode 61, the cathode 62 and the substrate struc-
ture 3, as is well known in the art.

[0050] Referring to FIG. 7, the charge-generating body 5
includes an n-type material layer 51 that is proximate to the
anode 61 of the electrode unit 6, and a p-type material layer 52
that is proximate to the cathode 62 of the electrode unit 6.
Therefore, the charge-generating body 5 can generate more
effectively the electrons and holes.

[0051] Preferably, the p-type material layer 52 and the
n-type material layer 51 are made of a material capable of
absorbing visible light that has a wavelength ranging from
380 nm to 780 nm. The p-type material layer 52 is made of a
material selected from the group consisting of TiOPC (tita-
nium oxide phthalocyanine), ZnPc (zinc phthalocyanine),
MePTC (N,N'-dimethyl-3,4,9,10-perylene dicarboximide),
F,¢CuPc (copper(1]) 1, 2,3,4,8,9,10, 11,15, 16,17, 18, 22,
23, 24, 25-hexadecafluoro-29H,31H-phthalocyanine), and
combinations thereof.

[0052] Preferably, the n-type material layer 51 is made of a
material selected from the group consisting of C60, PC,,BM
([6,6]-phenyl-C61 butyric acid methyl ester) and isomers
thereof, PTCBi (3.4,9,10-perylenetetracarboxylic-bis-benz-
imidazole), PC71BM ([6.6]-phenyl C71 butyric acid methyl
ester) and isomers thereof, C70, ICMA (indene-C60 mono-
adduct), indene-C60 bis-adduct, PC71HM ([6,6]-Phenyl-
C71 hexnoic acid methyl ester) and isomers thereof, PTCDi
(3,4,9,10-perylenetetracarboxylic acid diimide), PDCDT
(N,N'-bis(2,5-di-tert-butylphenyl)-3,4,9,10-perylene-dicar-
boximide acid diimide), and combinations thereof.

[0053] FIG. 8 illustrates a second preferred embodiment of
a series-connected organic electroluminescent module of the

Sep. 5, 2013

present invention. The series-connected organic electrolumi-
nescent module of the second preferred embodiment is simi-
lar to that of the first preferred embodiment except that the
series-connected organic electroluminescent module of the
second preferred embodiment comprises three electrolumi-
nescent bodies 4 and two charge-generating bodies 5.
[0054] Each of the charge-generating bodies 5 is disposed
to connect respective adjacent two of the electroluminescent
bodies 4 so as to form a series-connection of the electrolumi-
nescent bodies 4 and the charge-generating bodies 5. The
anode 61 is connected to the hole injecting layer 421 of the
electroluminescent body 4 located at one of the opposite
terminals of the series-connection, while the cathode 62 is
connected to the electron injecting layer 431 of the electrolu-
minescent body 4 located at the other one of the opposite
terminals of the series-connection.

[0055] When the charge-generating bodies 5 are irradiated,
each of the charge-generating bodies 5 is excited to generate
electron-hole pairs, wherein the electrons are moved toward
the anode 61, and then moved into the organic light-emitting
layers 41 of the electroluminescent bodies 4 that are proxi-
mate to the charge-generating bodies 5, while the holes are
moved toward the cathode 62, and then moved into the
organic light-emitting layers 41 of the electroluminescent
bodies 4 that are proximate to the charge-generating bodies 5.
At this time, holes from the external driving current source 8
are introduced into the organic light-emitting layer 41 of the
electroluminescent body 4 that is proximate to the anode 61
through the anode 61, and electrons from the external driving
current source 8 are introduced into the organic light-emitting
layer 41 of the electroluminescent body 4 that is proximate to
the cathode 62 from the cathode 62.

[0056] The electroluminescent body 4 that is connected to
the anode 61 receives the holes from the anode 61 and the
electrons from the charge-generating body 5 that is proximate
to the anode 61 so that the holes and the electrons are recom-
bined to release light energy to emit light externally. The
electroluminescent body 4 that is disposed between the
charge-generating bodies 5 receives the holes formed in the
charge-generating body 5 that is proximate to the anode 61
and the electrons formed in the charge-generating body 5 that
is proximate to the cathode 62, respectively, so that the holes
and the electrons are recombined to release light energy to
emit light externally. The electroluminescent body 4 that is
connected to the cathode 62 receives the electrons from the
cathode 62 and the holes from the charge-generating body 5
that is proximate to the cathode 62 so that the holes and the
electrons are recombined to release light energy to emit light
externally.

[0057] Whenthe three electroluminescent bodies 4 are con-
nected in series and are applied with a predetermined driving
voltage that is the same as that of the first preferred embodi-
ment, because more charge-generating bodies 5 are provided,
more electrons and holes may be formed. Therefore, as com-
pared to the series-connected organic electroluminescent
module of the first preferred embodiment, more light may be
generated due to the recombination of the electrons and holes
in the organic light-emitting layers 41 in this embodiment,
thereby obtaining a higher luminance at a predetermined
driving voltage. That is, the driving voltage can be further
reduced when light of a predetermined luminance is desired
to be emitted externally.

[0058] Referring to FIG. 9, itis noted that the number of the
electroluminescent bodies 4 of the organic electrolumines-
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cent module of the present invention is not limited to 2 or 3.
The organic electroluminescent module may include a plu-
rality of electroluminescent bodies 4 and a plurality of
charge-generating bodies 5 each of which is disposed
between adjacent two of the electroluminescent bodies 4.
When the number of the electroluminescent bodies 4 is n
which is a positive integer not less than 2, the number of the
charge-generating bodies 5 is not greater than (n-1). Prefer-
ably, the number of the charge-generating bodies 5 is (n-1).
In addition, the electrode unit 6 is connected respectively to
two opposite terminals of the series-connection of the elec-
troluminescent bodies 4 and the charge-generating bodies 5.
[0059] FIG.10illustrates a third preferred embodiment ofa
series-connected organic electroluminescent module of the
present invention. The series-connected organic electrolumi-
nescent module of the third preferred embodiment is similar
to that of the first preferred embodiment except that the series-
connected organic electroluminescent module of the third
preferred embodiment further comprises a filter sheet 7, and
the substrate structure 3 includes a substrate 31 and a thin film
transistor driving circuit 32 disposed on the substrate 31.
[0060] One of the anode 61 and the cathode 62 is electri-
cally connected to the thin film transistor driving circuit 32 so
that the electroluminescent bodies 4 can be driven to actuate.
Therefore, the electroluminescent bodies 4 can be controlled
to be in an ON or OFF state. In this embodiment, the anode 61
1s connected to the substrate structure 3, and the cathode 62 is
a transparent electrode. Thus, a top emission type organic
electroluminescent module in which the surface of the cath-
ode 62 serves as a light-outputting surface is formed.

[0061] Thesubstrate 31 ofthe substrate structure 3 is a glass
substrate or a flexible substrate, but is not limited thereto. In
addition, the substrate 31 may be made of transparent or
opaque material. When the anode 61 is connected to the
substrate structure 3, the anode 61 is a transparent electrode,
and the substrate 31 of the substrate structure 3 is made of a
transparent material, a bottom emission type organic elec-
troluminescent module in which the surface of the anode 61
serves as a light-outputting surface is formed. When the cath-
ode 62 is connected to the substrate structure 3, the cathode 62
is a transparent electrode, and the substrate 31 of the substrate
structure 3 is made of a transparent material, a reverse
arranged bottom emission type organic electroluminescent
module in which the surface of the cathode 62 serves as a
light-outputting surface is formed. When the cathode 62 is
connected to the substrate structure 3, and the anode 61 is a
transparent electrode, a reverse arranged top emission type
organic electroluminescent module in which the surface of
the anode 61 serves as a light-outputting surface is formed. In
addition, the abovementioned electrodes may be made of a
conductive metal, an oxide metal or a conductive polymer.
[0062] The filter sheet 7 is disposed on the light-outputting
surface 700 from which the light generated in the organic
light-emitting layers 41 of the electroluminescent bodies 4
leaves the series-connected organic electroluminescent mod-
ule. Therefore, after the light emitted from the electrolumi-
nescent bodies 4 passes through the filter sheet 7, a mixed
light may be emitted externally. The mixed light may have a
wavelength range that is different from that of the light emit-
ted from the electroluminescent bodies 4. More specifically,
in the bottom emission type organic electroluminescent mod-
ule, the filter sheet 7 may disposed between the series-con-
nection of the electroluminescent bodies 4 and the charge-
generating bodies 5 and the thin film transistor driving circuit
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32. In addition, in the top emission type organic electrolumi-
nescent module, the filter sheet 7 may disposed on the series-
connection of the electroluminescent bodies 4 and the charge-
generating bodies 5 while the series-connection of the
electroluminescent bodies 4 and the charge-generating bod-
ies 5 is disposed on the thin film transistor driving circuit 32.
[0063] It is noted that if applied to a display, a plurality of
the series-connected organic electroluminescent modules of
the third preferred embodiment may arranged in an array in
combination with the filter sheet 7 that serves as a RGB or
RGBW color filter in order to externally emit mixed lights of
different wavelength ranges. Therefore, a predetermined
image may be produced by virtue of the control of the thin
film transistor driving circuit 32. Alternatively, the light emit-
ting materials of the electroluminescent bodies 4 of the third
preferred embodiment may be varied to emit lights of differ-
ent wavelength ranges when receiving the electrons and
holes. Therefore, the filter sheet that is used for changing the
wavelength range of the light may be eliminated to reduce the
manufacturing cost.

[0064] Furthermore, since the charge-generating body 5
may absorb an external light that irradiates the organic elec-
troluminescent module, and also absorb the light that emits
from the electroluminescent bodies 4 to the charge-generat-
ing body 5, when the series-connected organic electrolumi-
nescent module of the present invention is used as a display,
the glare rate thereof can be reduced and the ambient contrast
ratio can be significantly increased. That is, the luminance
and the image quality provided by the series-connected
organic electroluminescent module of the present invention
will not be affected by ambient light.

[0065] To sum up, the charge-generating body 5 of the
series-connected organic electroluminescent module of the
present invention can generate electrons and holes while
being irradiated, thereby increasing the amount of the elec-
trons and holes in the organic light-emitting layers 41 of the
electroluminescent bodies 4. Therefore, the light emitting
efficiency can be effectively improved and the driving voltage
can be reduced. In addition, if the series-connected organic
electroluminescent module of the present invention is used in
a display application, not only can the driving voltage be
reduced, but the glare rate of the light-outputting surface can
also be effectively reduced and the ambient contrast ratio can
also be increased because the charge-generating body 5 may
absorb the external light and the light that emits from the
organic light-emitting layer 41 in a direction distal from the
light-outputting surface. Therefore, the display quality can be
improved.

[0066] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretations and equivalent arrange-
ments.

What is claimed is:
1. A series-connected organic electroluminescent module,
comprising:

a plurality of electroluminescent bodies each including an
organic light-emitting layer;

at least one charge-generating body capable of generating
holes and electrons while being irradiated, and disposed
to connect respective adjacent two of said electrolumi-
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nescent bodies so as to form a series-connection of said
electroluminescent bodies and said at least one charge-
generating body; and

an electrode unit including an anode and a cathode that are

respectively electrically connected to two outermost
ones of said electroluminescent bodies which are
respectively disposed on two opposite terminals of said
series-connection of said electroluminescent bodies and
said at least one charge-generating body.

2. The series-connected organic electroluminescent mod-
ule of claim 1, wherein said charge-generating body is
capable of generating holes and electrons while receiving
electricity.

3. The series-connected organic electroluminescent mod-
ule of claim 1, wherein the number of said electroluminescent
bodies is n which is a positive integer not less than 2, and the
number of said at least one charge-generating body is (n-1).

4. The series-connected organic electroluminescent mod-
ule of claim 1, wherein said charge-generating body includes
an n-type material layer that is proximate to said anode, and a
p-type material layer that is proximate to said cathode.

5. The series-connected organic electroluminescent mod-
ule of claim 4, wherein said n-type and p-type material layers
are made of a material capable of absorbing visible light.

6. The series-connected organic electroluminescent mod-
ule of claim 4, wherein said p-type material layer is made of
a material selected from the group consisting of titanium
oxide phthalocyanine, zinc phthalocyanine, N,N'-dimethy]l-
3,4,9,10-perylene dicarboximide, copper(Il) 1,2,3,4,8,9,10,
11,15,16,17,18,22,23,24,25-hexade cafluoro-29H,31H-ph-
thalocyanine, and combinations thereof.

7. The series-connected organic electroluminescent mod-
ule of claim 4, wherein said n-type material layer is made of
a material selected from the group consisting of C60, [6,6]-
phenyl-C61 butyric acid methyl ester and isomers thereof,
3,4,9,10-perylenetetracarboxylic-bis-benzimidazole, [6,6]-
phenyl C71 butyric acid methyl ester and isomers thereof,
C70, indene-C60 mono-adduct, indene-C60 bis-adduct,
[6,6]-Phenyl-C71 hexnoic acid methy! ester and isomers
thereof, 3,4,9,10-perylenetetracarboxylic acid diimide, N,N'-
bis(2,5-di-tert-butylphenyl)-3,4,9,10-perylene-dicarboxim-
ide acid diimide, and combinations thereof,

8. The series-connected organic electroluminescent mod-
ule of claim 1, further comprising a substrate structure that
includes a substrate and a thin film transistor driving circuit
disposed on said substrate, one of said anode and said cathode
being electrically connected to said thin film transistor driv-
ing circuit.

9. The series-connected organic electroluminescent mod-
ule of claim 8, wherein said anode is connected to said sub-
strate structure, said anode is a transparent electrode, and said
substrate is made of a transparent material.

10. The series-connected organic electroluminescent mod-
ule of claim 8, wherein said anode is connected to said sub-
strate structure, and said cathode is a transparent electrode.

11. The series-connected organic electroluminescent mod-
ule of claim 8, wherein said cathode is connected to said
substrate structure, said cathode is a transparent electrode,
and said substrate is made of a transparent material.

12. The series-connected organic electroluminescent mod-
ule of claim 8, wherein said cathode is connected to said
substrate structure, and said anode is a transparent electrode.

13. The series-connected organic electroluminescent mod-
ule of claim 8, wherein said substrate is made of a flexible
material.

14. The series-connected organic electroluminescent mod-
ule of claim 1, further comprising a light-outputting surface
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from which light generated in said organic light-emitting
layer leaves said series-connected organic electrolumines-
cent module, and a filter sheet disposed on said light-output-
ting surface.

15. The series-connected organic electroluminescent mod-
ule of claim 1, wherein each of said electroluminescent bod-
ies further includes a hole transporting unit connected to a
first surface of said organic light-emitting layer, and an elec-
tron transporting unit connected to a second surface of said
organic light-emitting layer opposite to said first surface.

16. The series-connected organic electroluminescent mod-
ule of claim 15, wherein:

said hole transporting unit includes a hole transporting
layer connected to said organic light-emitting layer, and
aholeinjecting layer connected to said hole transporting
layer; and

said electron transporting unit includes an electron trans-
porting layer connected to said organic light-emitting
layer, and an electron injecting layer connected to said
electron transporting layer.

17. A series-connected organic electroluminescent mod-
ule, comprising:
a plurality of electroluminescent bodies each including an
organic light-emitting layer capable of emitting light
while receiving holes and electrons;

at least one charge-generating body including an n-type
material layer and a p-type material layer, said charge-
generating body being disposed to connect respective
adjacent two of said electroluminescent bodies so as to
form a series-connection of said electroluminescent
bodies and said at least one charge-generating body, said
n-type and p-type material layers being made of a mate-
rial capable of absorbing visible light; and

an electrode unit including an anode and a cathode that are
respectively electrically connected to two outermost
ones of said electroluminescent bodies which are
respectively disposed on two opposite terminals of said
series-connection of said electroluminescent bodies and
said at least one charge-generating body;

wherein said charge-generating body is capable of gener-
ating holes and electrons while being irradiated.

18. The series-connected organic electroluminescent mod-
ule of claim 17, wherein said p-type material layer is made of
a material selected from the group consisting of titanium
oxide phthalocyanine, zinc phthalocyanine, N,N'-dimethyl-
3,4,9,10-perylene dicarboximide, copper(1l) 1,2,3,4,8,9,10,
11,15,16,17,18,22,23,24,25-hexade cafluoro-29H,31H-ph-
thalocyanine, and combinations thereof.

19. The series-connected organic electroluminescent mod-
ule of claim 17, wherein said n-type material layer is made of
a material selected from the group consisting of C60, [6,6]-
phenyl-C61 butyric acid methyl ester and isomers thereof,
3,4,9,10-perylenetetracarboxylic-bis-benzimidazole, [6,6]-
phenyl C71 butyric acid methyl ester and isomers thereof,
C70, indene-C60 mono-adduct, indene-C60 bis-adduct,
[6,6]-Phenyl-C71 hexnoic acid methyl ester and isomers
thereof, 3,4,9,10-perylenetetracarboxylic acid diimide, N,N'-
bis(2,5-di-tert-butylphenyl)-3,4,9,10-perylene-dicarboxim-
ide acid diimide, and combinations thereof.

20. A display device comprising the series-connected
organic electroluminescent module of claim 1.
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