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ORGANIC EL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2005-221591, filed Jul. 29, 2005, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent (hereinafter referred to as EL) element, an
organic EL display, and a method of manufacturing an
organic EL display.

[0004] 2. Description of the Related Art

[0005] An organic EL element has a structure in which an
organic layer including an emitting layer is interposed
between a pair of electrodes. The emitting layer normally
made of a mixture containing a host material and a dopant
material. The emitting layer can be formed by vacuum
evaporation as described in JP-A 2003-157973 (KOKAI),
for example.

[0006] In view of increasing the degree of luminous
efficiency, it is ideal to set the concentration of the dopant
material at an optimum value in all the parts of the emitting
layer. However, under normal circumstances, the concen-
tration of the dopant material monotonically increases or
monotonically decreases along the thickness of the emitting
layer. Therefore, the concentration of the dopant material
can be optimized only on a single plane that is parallel with
a surface of the emitting layer. For this reason, most of
organic EL elements are low in the degree of luminous
efficiency.

BRIEF SUMMARY OF THE INVENTION

[0007] According to a first aspect of the present invention,
there is provided an organic EL element comprising first and
second electrodes and an emitting layer interposed therebe-
tween, the emitting layer being made of a mixture containing
a host material and a dopant material, and a concentration
profile of the dopant material along a thickness direction in
the emitting layer including at least two relative maximums
or at least two relative minimums.

[0008] According to a second aspect of the present inven-
tion, there is provided an organic EL display comprising
pixels, each of the pixels including the organic EL element
according to the first aspect.

[0009] According a third aspect of the present invention,
there is provided a method of manufacturing an organic EL
element comprising first and second electrodes and an
emitting layer interposed therebetween, comprising alter-
nately carrying out first and second operations each at least
two times while discharging a vaporized host material and a
vaporized dopant material toward the first electrode from
first and second nozzles, respectively, to form the emitting
layer on the first electrode, each of the first and second
operations including relatively moving the first and second
nozzles with respect to the first electrode in a relative
movement direction parallel to an alignment direction of the

Feb. 1,2007

first and second nozzles, the alignment direction and the
relative movement direction being equal to each other in one
of the first and second operations, and the alignment direc-
tion and the relative movement direction being opposite to
each other in the other of the first and second operations, and
forming the second electrode on the emitting layer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0010] FIG. 1 is a sectional view schematically showing a
vacuum evaporator that can be used in the process according
to an embodiment of the present invention;

[0011] FIG. 2 is a sectional view schematically showing
the evaporation unit included in the vacuum evaporator
shown in FIG. 1;

[0012] FIG. 3 is a plan view schematically showing an
organic EL display that can be manufactured by the process
according to an embodiment of the present invention;

[0013] FIG. 4 is a sectional view schematically showing a
display panel that can be used in the organic EL display
shown in FIG. 3;

[0014] FIG. 5 is a sectional view schematically showing
an example of an organic EL element that the display panel
shown in FIG. 4 can include;

[0015] FIG. 6 is a graph showing an example of a relation
between a relative position of a film-formed surface with
respect of the evaporation unit and an evaporation rate;

[0016] FIG. 7 is a graph showing an example of a con-
centration profile of a dopant material in an emitting layer
along its thickness when the emitting layer is formed only by
the first operation;

[0017] FIG. 8 is a graph showing an example of a con-
centration profile of a dopant material in an emitting layer
along its thickness when the emitting layer is formed by
alternately carrying out the first and second operations each
two times;

[0018] FIG. 9 is a graph showing another example of a
concentration profile of a dopant material in an emitting
layer along its thickness when the emitting layer is formed
by alternately carrying out the first and second operations
each two times; and

[0019] FIG. 10 is a graph showing an example of a relation
between a number of times each of the first and second
operations is carried out and luminous efficiency of an
organic EL element.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] An embodiment of the present invention will be
described below in detail with reference to the drawings. In
the drawings, components having the same or similar func-
tion are denoted by the same reference symbol and duplicate
descriptions will be omitted.

[0021] FIG. 1 is a sectional view schematically showing a
vacuum evaporator that can be used in the process according
to an embodiment of the present invention. FIG. 2 is a
sectional view schematically showing the evaporation unit
included in the vacuum evaporator shown in FIG. 1.



US 2007/0024185 A1

[0022] The vacuum evaporator shown in FIG. 1 includes
a vacuum chamber VC to which an evacuation system is
connected. Typically, the vacuum chamber VC is incorpo-
rated in a single-substrate processing apparatus including a
multi-chamber system.

[0023] In the vacuum chamber VC, a substrate holder
HLD, an evaporation unit EU, and a thickness sensor (not
shown) are placed.

[0024] The substrate holder HLD detachably holds a sub-
strate AS such that a film-formed surface of the substrate AS
faces the evaporation unit EU. In this embodiment, the
substrate holder HLD also serves as a mask holder for
holding a mask MSK.

[0025] The thickness sensor includes a structure in which
electrodes are placed on both sides of a quartz plate, and
constitutes a quartz thickness monitor with a controller (not
shown), for example.

[0026] The thickness sensor is adjacent to the substrate AS
in the X1 direction. Typically, the thickness sensor is placed
such that its detecting portion is located on or near the level
of the film-formed surface.

[0027] As shown in FIG. 2, the evaporation unit EU
includes crucibles CR1 and CR2, heaters (not shown), caps
CP1 and CP2, and a deposition shield DS.

[0028] Each of the crucibles CR1 and CR2 has a shape
extending in the Y1 direction that is perpendicular to the X1
and 71 directions. The crucibles CR1 and CR2 contain
evaporation materials EM1 and EM2, respectively. The
crucibles CR1 and CR2 are made of quartz, metal materials,
carbon and the like.

[0029] The heaters are, for example, electrical resistance
heaters. The heaters heat the crucibles CR1 and CR2 to
vaporize the evaporation materials EM1 and EM2 contained
therein. The electric powers to be supplied to the heaters are
controlled by the controller (not shown) based on an output
of the thickness sensor (not shown).

[0030] The caps CP1 and CP2 cover the openings of the
crucibles CR1 and CR2, respectively. Each of the caps CP1
and CP2 is provided with a slit extending in the Y1 direction
or through-holes arranged in the Y1 direction. The part of
the cap CP1 provided with the slit or the through-holes
serves as a nozzle NZL1 that ejects the vaporized evapora-
tion material EM1. The part of the cap CP2 provided with
the slit or the through-holes serves as a nozzle NZL.2 that
ejects the vaporized evaporation material EM2. As materials
of the caps CP1 and CP2, quartz, metal materials, carbon
and the like can be used.

[0031] The deposition shield DS includes a pair of shield
plates SP. Main surfaces of the shield plates SP is parallel
with the Y1 direction and intersect the X1 direction. The
shield plates SP sandwich the nozzles NZIL1 and NZI.2. The
shield plates SP serve the function of controlling the flow
direction of the evaporation material EM1 ejected from the
nozzle NZL1 and the flow direction of the evaporation
material EM2 ejected from the nozzle NZL2.

[0032] The vacuum evaporator further includes a moving
mechanism (not shown) and the controller (not shown).

[0033] The moving mechanism relatively moves the
evaporation unit EU with respect to the substrate AS in the
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X1 direction. Typically, the moving mechanism moves the
evaporation unit EU in the X1 direction.

[0034] The controller is connected to the moving mecha-
nism, the thickness sensor and the heaters. The controller
controls the operation of the moving mechanism. The con-
troller further controls the electric powers to be supplied to
the heaters based on the output of the thickness sensor.

[0035] FIG. 3 is a plan view schematically showing an
organic EL display that can be manufactured by the process
according to an embodiment of the present invention. FIG.
4 is a sectional view schematically showing a display panel
that can be used in the organic EL display shown in FIG. 3.
FIG. 5§ is a sectional view schematically showing an example
of an organic EL element that the display panel shown in
FIG. 4 can include. In FIG. 4, the display panel is drawn
such that its display surface, i.e., the front surface or
light-emitting surface, faces downwardly and its back sur-
face faces upwardly.

[0036] The display is a bottom emission organic EL dis-
play that employs an active matrix driving method. As
shown in FIG. 3, the organic EL display includes a display
panel DP, a video signal line driver XDR, and a scan signal
line driver YDR.

[0037] As shown in FIGS. 3 and 4, the display panel DP
includes an insulating substrate SUB such as glass substrate.

[0038] On the substrate SUB, an undercoat layer UC is
formed as shown in FIG. 4. For example, the undercoat layer
UC is formed by sequentially stacking an SiN,, layer and an
SiO, layer on the substrate SUB.

[0039] On the undercoat layer UC, semiconductor layers
SC are arranged. Each semiconductor SC is, for example, a
polysilicon layer that includes a p-type region and an n-type
region.

[0040] On the undercoat layer UC, bottom electrodes (not
shown) are further arranged. The bottom electrodes are, for
example, n*-type polysilicon layers.

[0041] The semiconductor layers SC and the bottom elec-
trodes are covered with the gate insulator GI. The gate
insulator GI can be formed, for example, by using tetraethyl
orthosilicate (TEOS).

[0042] On the gate insulator GI, the scan signal lines SL.1
and SL.2 shown in FIG. 3 are arranged. As shown in FIG. 3,
the scan signal lines SL.1 and SL.2 extend in a direction (X2
direction) along rows of the pixels PX, which are described
later, and are alternately arranged in a direction (Y2 direc-
tion) along columns of the pixels PX. The scan signal lines
SL.1 and SL.2 are made of MoW, for example.

[0043] On the gate insulator GI, top electrodes (not
shown) are further arranged. The top electrodes are made of
MoW, for example. The top electrodes can be formed in the
same step as that for the scan signal lines SL.1 and SL2.

[0044] The scan signal lines SL1 and SL2 intersect the
semiconductor layers SC, and the intersection portions form
thin-film transistors. In addition, the top electrodes intersect
the semiconductor layers, and the intersection portions also
form thin-film transistors. Specifically, the thin-film transis-
tors formed by the intersection portions of the scan signal
lines SL1 and the semiconductor layers SC are the output
control switches SWa shown in FIGS. 3 and 4. The thin-film
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transistors formed by the intersection portions of the scan
signal lines SI.2 and the semiconductor layers SC are the
diode-connecting switches SWc and the video signal supply
control switches SWb shown in FIG. 3. The thin-film
transistors formed by the intersection portions of the top
electrodes and the semiconductor layers SC are the drive
control elements DR shown in FIG. 3.

[0045] Note that in the present embodiment, the drive
control elements DR and the switches SWa to SWc are
top-gate type p-channel thin-film transistors. Note also that
the portion denoted by the reference symbol G in FIG. 4 is
the gate of the switch SWa.

[0046] The top electrodes face the bottom electrodes. The
top electrodes, the bottom electrodes, and the insulating film
GI interposed therebetween form capacitors C shown in
FIG. 3.

[0047] The gate insulator GI, the scan signal lines SL1 and
SL2, and the top electrodes are covered with the interlayer
insulating film I shown in FIG. 4. For example, the inter-
layer insulating film II is an SiO, layer formed by plasma
chemical vapor deposition (CVD). On the interlayer insu-
lating film I1, the video signal lines DL and power supply
lines PSL shown in FIG. 3 are formed. Source electrodes SW
and drain electrodes DE shown in FIG. 4 are further formed
on the interlayer insulating film II.

[0048] As shown in FIG. 1, the video signal lines DL
extend in the Y2 direction and are arranged in the X2
direction. The video signal lines DL are connected to the
drains of the video signal supply control switches SWb
included in the pixels PX.

[0049] The power supply lines PSL extend in the Y2
direction and are arranged in the X2 direction in this
embodiment. The power supply lines PSL are connected to
the sources of the drive control elements DR.

[0050] The source electrodes SE and the drain electrodes
DE are connected to the sources and drains of the thin-film
transistors via contact holes formed in the interlayer insu-
lating film IT and the gate insulator GI. The source electrodes
SE and the drain electrodes DE connect the elements
together included in each pixel PX.

[0051] For example, the video signal lines DL, the power
supply lines PSL, source electrodes SE, and drain electrodes
DE have a three-layer structure of Mo/Al/Mo. These com-
ponents can be formed in the same step.

[0052] The video signal lines DL, the power supply lines
PSL, the source electrodes SE, and the drain electrodes DE
are covered with the passivation layer PS shown in FIG. 4.
The passivation layer PS is made of SiN_, for example.

[0053] On the passivation layer PS, pixel electrodes PE
shown in FIGS. 2 and 3 are arranged. Each pixel electrode
PE is connected to the drain electrode DE via a contact hole
formed in the passivation layer PS.

[0054] In this embodiment, the pixel electrodes PE are
light-transmissible front electrodes. Also, in this embodi-
ment, the pixel electrodes PE are anodes. As material of the
pixel electrodes PE, for example, transparent conductive
oxides such as indium tin oxide (ITO) can be used.

[0055] On the passivation layer PS, an insulating partition
layer PI is further formed. The insulating partition layer PI
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is provided with through-holes at positions corresponding to
the pixel electrodes PE. Alternatively, the insulating parti-
tion layer P1is provided with slits at positions corresponding
to columns or rows of the pixel electrodes PE. As an
example, it is supposed that through-holes are formed in the
insulating partition layer PI at positions corresponding to the
pixel electrodes PE.

[0056] The insulating partition layer PI is, for example, an
organic insulating layer. The insulating partition layer P1 can
be formed by using photolithography technique, for
example.

[0057] On the pixel electrodes PE, organic layers ORG
including emitting layers EMT shown in FIG. 5 are formed
as active layers. The emitting layers EMT are, for example,
thin film containing a luminescent organic compound that
emits red, green, or blue light. In addition to the emitting
layer EMT, each organic layer ORG may include a hole
injection layer (not shown), a hole transporting layer HT, a
hole blocking layer (not shown), an electron transporting
layer (ET), and an electron injection layer (not shown).

[0058] The emitting layers EMT are made of a mixture
containing a host material and a dopant material.

[0059] As the host material, organic materials or organo-
metallic compounds such as anthracenes, amines, styryls,
siloles, azoles, polyphenyls, and metal complexes can be
used. For example, as the host material, diphenylanthracene
derivative, biscarbazole, stylylamine, distylylarylene,
oxazole, oxadiazole, benzoimidazole, tris(8-hydroxyquino-
linato)aluminum (Alg,) and the like may be used.

[0060] As the dopant material, organic materials or orga-
nometallic compounds such as dicyanomethylenepyrans,
dicyanos, phenoxazones, thioxantens, rubrenes, stylyls, cou-
marins, quinacridones, condensed aromatics, and heavy-
metal complexes can be used. For example, as the dopant
material, coumarin, rubrene, perylene, azathioxanten, N-me-
thylquinacridone, diphenylnaphtacene, perflanten, iridium
complex with three phenylpyridines as ligands (Ir(ppy)s)
and the like may be used.

[0061] The insulating partition layer PI and the organic
layers ORG are covered with a counter electrode CE shown
in FIGS. 4 and 5. In this embodiment, the counter electrode
CE is a common electrode shared among the pixels PX.
Also, in this embodiment, the counter electrode CE is a
light-reflective cathode serving as a back electrode. For
example, an electrode wire (not shown) is formed on the
layer on which the video signal lines DL are formed, and the
counter electrode CE is electrically connected to the elec-
trode wire via a contact hole formed in the passivation layer
PS and insulating partition layer PI. Each organic EL ele-
ment OLED is composed of the pixel electrode PE, organic
layer ORG, and counter electrode CE.

[0062] As shown in FIG. 3, each pixel PX includes the
drive control element DR, the switches SWa to SWc, the
organic EL element OLED, and the capacitor C. As
described above, in this embodiment, the drive control
element DR and the switches SWa to SWc are p-channel
thin-film transistor.

[0063] The drive control element DR, the output control
switch SWa, and the organic EL element OLED are con-
nected in series between a first power supply terminal ND1
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and a second power supply terminal ND2 in this order. In
this embodiment, the power supply terminal ND1 is a
high-potential power supply terminal, and the power supply
terminal ND2 is a low-potential power supply terminal.

[0064] Specifically, the source of the drive control element
DR is connected to the power supply terminal ND1, and the
counter electrode CE of the organic EL element OLED is
connected to the power supply terminal ND2. The output
control switch SWa is connected between the drain of the
drive control element DR and the pixel electrode PE of the
organic EL element OLED, and its gate is connected to the
scan signal line SL1.

[0065] The capacitor C is connected between a constant
potential terminal ND1' and the gate of the drive control
element DR. In this embodiment, the bottom electrode of the
capacitor C is connected to the power supply line PSL, and
the top electrode of the capacitor C is connected to the gate
of the drive control element DR.

[0066] The video signal supply control switch SWb is
connected between the video signal line DL and the drain of
the drive control element DR. The gate of the video signal
supply control switch SWb is connected to the scan signal
line SL.2.

[0067] The diode-connecting switch SWc is connected
between the drain and gate of the drive control element DR.
The gate of the diode-connecting switch SWb is connected
to the scan signal line SL2.

[0068] Note that the structure of the display panel DP from
which the organic layer ORG and the counter electrode CE
are omitted corresponds to an array substrate.

[0069] The video signal line driver XDR and the scan
signal line driver YDR are connected to the display panel DP
in the chip-on-glass (COG) manner. Instead, the video signal
line driver XDR and the scan signal line driver YDR may be
connected to the display panel DP by using the tape carrier
package (TCP).

[0070] Video signal lines DL are connected to the video
signal line driver XDR. In this embodiment, the power
supply lines PSL are further connected to the video signal
line driver XDR. The video signal line driver XDR outputs
current signals as video signals to the video signal lines DL,
and outputs a supply voltage to the power supply lines PSL.

[0071] The scan signal lines SL1 and SI.2 are connected to
the scan signal line driver YDR. The scan signal line driver
YDR outputs voltage signals as first and second scan signals
to the scan signal lines SL1 and SL2, respectively.

[0072] When an image is to be displayed on the organic
EL display, the scan signal lines SL2 are sequentially
energized. That is, the pixels PX are scanned or selected on
a line-by-line basis. During a write period for writing video
signals on the pixels PX in a certain row, the scan signal line
driver YDR outputs a scan signal (OFF) for opening the
switches SWa as a voltage signal to the scan signal line SL.1
to which the pixels PX are connected, and then, outputs a
scan signal (ON) for closing the switches SWb and SWc as
a voltage signal to the scan signal line SL.2 to which the
pixels PX are connected. In this state, the video signal line
driver XDR outputs video signals as current signals to the
video signal lines to which the pixels PX are connected, so
as to set the gate-to-source voltages of the drive control
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elements DR at magnitude corresponding to the video
signals. Subsequently, the scan signal line driver YDR
outputs a scan signal SI.2 as a voltage signal (OFF) for
opening the switches SWb and SWc as a voltage signal to
the scan signal line SC2 to which the pixels PX are con-
nected, and then, outputs a scan signal (ON) for closing the
switches SWa as a voltage signal to the scan signal line SL.1
to which the pixels PX are connected.

[0073] During an effective display period over which the
switches SWa are closed (ON), drive currents flow through
the organic EL elements OLED at magnitude corresponding
to the gate-to-source voltages of the drive control elements
DR. The organic EL elements emit light at luminance
corresponding to the magnitude of the drive currents.

[0074] The organic EL display can be manufactured, for
example, by the following method.

[0075] First, the array substrate is prepared, and the
organic layers ORG and the counter electrode CE are
sequentially formed on the pixel electrodes of the array
substrate. As described later, the emitting layers EMT
included in the organic layer ORG are formed by using the
vacuum evaporator shown in FIG. 1. Note that a layer or
layers other than the emitting layer EMT included in the
organic layers ORG and the counter electrode CE are
typically formed by vacuum evaporation. Then, the organic
EL elements OLED thus obtained are sealed to complete the
display panel DP. Thereafter, the video signal line driver
XDR and the scan signal line driver YDR are connected to
the display panel DP to obtain the organic EL display.

[0076] The emitting layers EMT are formed, for example,
by the following method.

[0077] First, the vacuum chamber VC is evacuated. At this
time, the crucible CR1 contains a host material as the
evaporation material EM1 and the crucible CR2 contains a
dopant material as the evaporation material EM2.

[0078] Next, electric power is supplied to the heaters (not
shown) so as to sufficiently raise the temperatures of the
crucibles CR1 and CR2. The temperatures of the crucibles
CR1 and CR2 are raised, for example, to 50° C. or lower,
and typically to 300° C. or higher and 500° C. or lower.
Thus, the host material EM1 in the crucible CR1 and the
dopant material EM2 in the crucible CR2 are vaporized.

[0079] The vaporized host material EM1 in the crucible
CR1 and the vaporized dopant material EM2 in the crucible
CR2 are ejected from the nozzles NZL.1 and NZ1.2, respec-
tively. The host material EM1 ejected from the nozzle NZ1.1
and the dopant material EM2 ejected from the nozzle NZI.2
are deposited on the detecting portion of the thickness
sensor. The controller controls the magnitude of electric
power supplied to the heaters based on the output from the
thickness sensor. Under this feedback control, the evapora-
tion rates of the host material EM1 and the dopant material
EM2 are set at values almost equal to the target values.

[0080] Next, the array substrate AS with the hole trans-
porting layer HT formed on the pixel electrodes is carried
into the vacuum chamber VC while maintaining a vacuum.
In the vacuum chamber VC, the substrate holder HLD holds
the array substrate AS such that the insulating partition layer
PI faces downwardly. That is, the substrate holder HLD
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holds the array substrate AS such that the 72 direction in
FIG. 4 coincidences with the Z1 direction in FIG. 1.

[0081] Then, the first operation is carried out. That is, the
evaporation unit EU is moved in the X1 direction at a
constant speed while ejecting the host material EM1 and the
dopant material EM2 from the nozzles NZL1 and NZI.2,
respectively. The deposition shield controls the flow direc-
tion of the host material EM1 ejected from the nozzle NZ1.1
and the flow direction of the dopant material EM2 ejected
from the nozzle NZL2. Under this control, the host material
EM1 and the dopant material EM2 passes through the
through-holes formed in the mask MSK and are deposited
on the hole transporting layer HT.

[0082] After the evaporation unit has passed the front of
the array substrate AS, the second operation is carried out.
That is, the evaporation unit EU is moved in the opposite
direction at a constant speed while ejecting the host material
EM1 and the dopant material EM2 from the nozzles NZL.1
and NZL2, respectively. The deposition shield controls the
flow direction of the host material EM1 ejected from the
nozzle NZL1 and the flow direction of the dopant material
EM2 ejected from the nozzle NZL2. Under this control, the
host material EM1 and the dopant material EM2 passes
through the through-holes formed in the mask MSK and are
deposited on the hole transporting layer HT.

[0083] The first and second operations are alternately
carried out each at least two times. Thus, the emitting layer
EMT is obtained.

[0084] After the film formation, the array substrate AS is
carried out of the vacuum chamber VC while maintaining a
vacuum, and the evaporation unit EU is moved to a position
below the thickness sensor. Subsequently, the second array
substrate AS is carried into the vacuum chamber VC, and the
above feedback control is executed. Then, the same film
formation as that performed on the first array substrate AS
is performed on the second array substrate AS. Each array
substrate AS thereafter is processed by the same method as
described above.

[0085] The emitting layer EMT obtained by this method
has the concentration profile of the dopant material along its
thickness direction that includes at least two relative maxi-
mums or at least two relative minimums. This will be
explained with reference to FIGS. 6 to 9.

[0086] FIG. 6 is a graph showing an example of a relation
between a relative position of a film-formed surface with
respect of the evaporation unit and an evaporation rate. In
the figure, the abscissa represents a distance along the X1
direction from a reference point on the film-formed surface,
while the ordinate represents the evaporation rate. Note that
the reference point is the position on the film-formed surface
where the distance from the nozzle NZL1 is equal to the
distance from the nozzle NZL2. Also, in FIG. 6, the curve
Cy; represents the evaporation rate of the host material EM1,
while the curve CD represents the evaporation rate of the
dopant material EM2.

[0087] The data shown as the curve Cy; was obtained by
alternately performing the measurement of the evaporation
rate with use of the thickness sensor in the state that the
evaporation unit EU is standing still and the shift of the
evaporation unit EU in the X1 direction while vaporizing
only the host material EM1. On the other hand, the shown
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as the curve C, was obtained by alternately performing the
measurement of the evaporation rate with use of the thick-
ness sensor in the state that the evaporation unit EU is
standing still and the shift of the evaporation unit EU in the
X1 direction while vaporizing only the dopant material
EM2.

[0088] Note that the data obtained by alternately perform-
ing the measurement of the evaporation rate with use of the
thickness sensor in the state that the evaporation unit EU is
standing still and the shift of the evaporation unit EU in the
X1 direction while simultaneously vaporizing the host mate-
rial EM1 and the dopant material EM2 was almost equal to
the sum of the data shown as the curve C and the data
shown as the curve Cp, . Therefore, it is presumed that the
evaporation rate profiles of the host material EM1 and the
dopant material EM2 are almost equal to the curves Cy and
Cp , respectively, when the host material EM1 and the
dopant material EM2 are vaporized simultaneously.

[0089] The evaporation rate of the host material EM1 is
large at or near the front of the nozzle NZL1 and decreases
with the distance therefrom. On the other hand, the evapo-
ration rate of the host material EM2 is large at or near the
front of the nozzle NZL2 and decreases with the distance
therefrom. Since the nozzles NZLL1 and NZL2 are arranged
in the X1 direction, the position at which the evaporation
rate of the host material EM1 reaches its peak does not agree
with the position at which the evaporation rate of the dopant
material EM2 reaches its peak as shown in FIG. 6. There-
fore, the ratio of the dopant material in the deposit on the
film-formed surface changes according to the position along
the X1 direction.

[0090] FIG. 7 is a graph showing an example of a con-
centration profile of a dopant material in an emitting layer
along its thickness when the emitting layer is formed only by
the first operation. In the figure, the abscissa represents a
distance from the film-formed surface, while the ordinate
represents the concentration of the dopant material.

[0091] The emitting layer EMT that has the concentration
profile of the dopant material shown in FIG. 7 can be
obtained by moving the evaporation unit EU, which allows
the host material EM1 and the dopant material EM2 to be
deposited at the evaporation rates shown in FIG. 6 when the
unit EU 1s at a standstill, in the X1 direction at a constant
speed only one time. That is, in the emitting layer obtained
by moving the evaporation unit EU in the X1 direction only
one time, the concentration of the dopant material mono-
tonically increases or monotonically decreases along its
thickness direction. Thus, the concentration of the dopant
material EM2 can be optimized only on a single plane that
is parallel with a surface of the emitting layer EMT.

[0092] FIG. 8 is a graph showing an example of a con-
centration profile of a dopant material in an emitting layer
along its thickness when the emitting layer is formed by
alternately carrying out the first and second operations each
two times. In the figure, the abscissa represents a distance
from the film-formed surface, while the ordinate represents
the concentration of the dopant material.

[0093] The emitting layer having the concentration profile
of the dopant material shown in FIG. 8 can be obtained by
alternately carrying out the first operation that includes
moving the evaporation unit EU, which allows the host
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material EM1 and the dopant material EM2 to be deposited
at the evaporation rates shown in FIG. 6 when the unit EU
is at a standstill, in the X1 direction at a constant speed and
the second operation that includes moving the evaporation
unit EU in the opposite direction at a constant speed each
two times. That is, in the emitting layer EMT obtained by
alternately carrying out the forward and backward move-
ments of the evaporation unit EU along the X1 direction
each two times, the concentration of the dopant material
along the thickness direction includes two relative maxi-
mums and one relative minimum.

[0094] Thus, when the optimum value of the dopant
material concentration is smaller than the relative maxi-
mums and larger than the relative minimum, the concentra-
tion of the dopant material EM2 can be optimized on four
planes that are parallel with a surface of the emitting layer
EMT. Therefore, when the emitting layer EMT is formed by
the method explained with reference to FIG. 8, the degree of
luminous efficiency of the organic EL element OLED can be
increased as compared to the case where the emitting layer
EMT is formed by the method explained with reference to
FIG. 7.

[0095] Note that when a dopant material is used as the
evaporation material EM1 and a host material is used as the
evaporation material EM2 instead of using the host material
as the evaporation material EM1 and the dopant material as
the evaporation material EM2, the emitting layer EMT in
which the concentration of the dopant material along its
thickness direction includes one relative maximum and two
relative minimums can be obtained.

[0096] FIG. 9 is a graph showing another example of a
concentration profile of a dopant material in an emitting
layer along its thickness when the emitting layer is formed
by alternately carrying out the first and second operations
each two times. In the figure, the abscissa represents a
distance from the film-formed surface, while the ordinate
represents the concentration of the dopant material.

[0097] The emitting layer EMT having the concentration
profile of the dopant material shown in FIG. 9 can be
obtained by the same method as that explained with refer-
ence to FIG. 8 except that the dopant material is used as the
evaporation material EM1 and the host material is used as
the evaporation material EM2 instead of using the host
material as the evaporation material EM1 and the dopant
material as the evaporation material EM2. Similar to the
method explained with reference to FIG. 8, according to this
method, the degree of Tuminous efficiency of the organic EL
element OLED can be increased as compared to the case
where the emitting layer EMT is formed by the method
explained with reference to FIG. 7.

[0098] When the first and second operations are carried
out each only one time, the degree of luminous efficiency of
the organic EL element OLED can be increased as compared
to the case where only the first operation is carried out one
time or the case where only the second operation is carried
out one time. However, in view of achieving a high degree
of luminous efficiency, it is advantageous to alternately
carrying out the first and second operations each at least two
times. This will be explained with reference to FIG. 10.

[0099] FIG. 10 is a graph showing an example of a relation
between a number of times each of the first and second
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operations is carried out and luminous efficiency of an
organic EL element. In the figure, the abscissa represents the
number of first or second operations, while the ordinate
represents the degree of luminous efficiency of the organic
EL element.

[0100] As shown in FIG. 10, when the first and second
operations are alternately carried out each at least two times,
the degree of luminous efficiency of the organic EL element
OLED is markedly high as compared to the case where the
first and second operations are carried out each only one
time. Thus, when the first and second operations are alter-
nately carried out each at least two times, a markedly high
degree of luminous efficiency can be achieved as compared
to the case where the first and second operations are carried
out each only one time as well as the case where only the
first or second operation is carried out one time.

[0101] Although the present embodiment employs the
configuration that the evaporation unit EU is moved, the
configuration that the substrate SUB is moved may be
employed instead. Further, the vacuum evaporator according
to the present embodiment may be incorporated in a single-
substrate processing apparatus including a multi-chamber
system or an in-line type batch processing apparatus.

[0102] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:

1. An organic EL element comprising first and second
electrodes and an emitting layer interposed therebetween,
the emitting layer being made of a mixture containing a host
material and a dopant material, and a concentration profile
of the dopant material along a thickness direction in the
emitting layer including at least two relative maximums or
at least two relative minimums.

2. The element according to claim 1, wherein the con-
centration profile includes at least two relative maximums.

3. The element according to claim 1, wherein the con-
centration profile includes at least two relative minimums.

4. An organic EL display comprising pixels, each of the
pixels including the organic EL element according to claim
L.

5. The display according to claim 4, wherein the concen-
tration profile includes at least two relative maximums.

6. The display according to claim 4, wherein the concen-
tration profile includes at least two relative minimums.

7. A method of manufacturing an organic ELL element
comprising first and second electrodes and an emitting layer
interposed therebetween, comprising:

alternately carrying out first and second operations each at
least two times while discharging a vaporized host
material and a vaporized dopant material toward the
first electrode from first and second nozzles, respec-
tively, to form the emitting layer on the first electrode,
each of the first and second operations including rela-
tively moving the first and second nozzles with respect
to the first electrode in a relative movement direction
parallel to an alignment direction of the first and second
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nozzles, the alignment direction and the relative move-
ment direction being equal to each other in one of the
first and second operations, and the alignment direction
and the relative movement direction being opposite to
each other in the other of the first and second opera-
tions; and

forming the second electrode on the emitting layer.
8. The method according to claim 7, wherein the align-
ment direction and the relative movement direction are
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opposite to each other in the first operation, and the align-
ment direction and the relative movement direction are equal
to each other in the second operation.

9. The method according to claim 7, wherein the align-
ment direction and the relative movement direction are equal
to each other in the first operation, and the alignment
direction and the relative movement direction are opposite to
each other in the second operation.

I S T
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