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7) ABSTRACT

A display device having a plurality of pixels and which
realizes a color display using emitted light of at least two
wavelengths, wherein each pixel has a microresonator struc-
ture formed between a lower reflective film formed on a side
near a substrate and an upper reflective film formed above
the lower reflective film with an organic light emitting
element layer therebetween. The lower reflective film is
formed by a metal thin film and a conductive resonator
spacer layer which functions as a first electrode is provided
between the lower reflective layer and the organic light
emitting element layer. The conductive resonator spacer
layer is a transparent conductive metal oxide layer such as
ITO and is formed to different thicknesses for pixels of
different light emission wavelengths by forming the con-
ductive resonator spacer layer in different film formation
chambers, for example. Light obtained in the organic light
emitting element layer is intensified by the microresonator

(51) Int. CL7 . HO01J 1/62; HO1J 63/04  structure having an optical length adjusted by the conductive
(52) US. CL o 313/506  resonator spacer layer and is emitted to the outside.
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DISPLAY DEVICE AND METHOD AND
APPARATUS FOR MANUFACTURING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2003-435819 including specification, claims, draw-
ings and abstract is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device
and, in particular, to a color display device having a
microresonator (microcavity) structure.

[0004] 2. Description of the Related Art

[0005] Inrecent years, flat panel displays (FPD) having a
thin thickness and which allow reduction in size have
attracted much attention. Of various FPDs, liquid crystal
display devices are used in various devices. Currently, there
is intense research and development into light emitting
devices (display devices and light sources) in which a
self-emitting electroluminescence (hereinafter referred to
simply as “EL”) elements, in particular, organic EL display
devices which can emit light at various light emission colors
and at a high brightness depending on organic compound
materials to be used.

[0006] Because an organic EL display device differs from
a liquid crystal display device which employs a system in
which transmissivity of light from a backlight is controlled
by a liquid crystal panel which is placed as a light valve in
front of the backlight and the organic EL display device is
self-emissive as described above, fundamentally, the usage
efficiency of light, that is, the extraction efficiency of light to
the outside is high, and consequently, light emission of high
brightness can be achieved by the organic EL display device.

[0007] However, the light emission brightness of currently
proposed organic EL elements is not sufficient. In addition,
there is a problem in that, when the supplied current to the
organic layer is increased in order to improve the light
emission brightness, deterioration of the organic layer is
accelerated.

[0008] As a method for solving these problems, a method
can be considered in which intensity of light at a certain
wavelength is intensified in an EL display device by employ-
ing a microresonator, as described in Japanese Patent Laid-
Open Publication No. Hei 6-275381 and in Takahiro
Nakayama and Atsushi Tsunoda, “Elements having Optical
Cavity Structure”, Molecular Electronics and Bioelectronics
Division of Japan Society of Applied Physics, Third Con-
vention of 1993, p. 135-p. 143.

1. Field of the Invention

[0009] When a microcavity (microresonator) structure is
to be employed in an organic EL element, a metal electrode
(for example, cathode) which functions as a reflective mirror
is provided as an electrode which is on a rear side of the
element, a semi-transmissive mirror is provided on a front
surface (on the side of the substrate) of the element, and the
optical length L between the semi-transmissive mirror and

Jun. 30, 2005

the metal electrode is designed such that the following
equation (1) is satisfied.

2l =(m+5)h o)

[0010] wherein A is the light emission wavelength. With
this structure, it is possible to selectively intensify light at
the wavelength A and to emit the light to the outside. The
variable n in equation (1) represents an index of refraction
and the variable m represents an integer (0,1, 2,3, ...).

[0011] This relationship can be easily designed when an
organic EL display device having a single wavelength as the
emission wavelength, that is, a monochrome organic EL
display device, is used, or when the display device is used
as a surface light source.

[0012] However, when a full-color organic EL display
device is to be manufactured, the wavelengths to be inten-
sified within one display panel include, for example, 3 colors
of R, G, and B. Therefore, light at different wavelengths
must be intensified in different pixels. In order to do so, the
optical lengths L between the semi-transmissive mirror and
the metal electrode must be changed for each pixel depend-
ing on the wavelength of light to be emitted.

[0013] On the other hand, unlike a semiconductor device
used in an integrated circuit or the like, in a display device,
the display itself is viewed by a viewer. Therefore, no
structure can be actually employed as a display device
unless the structure can stably achieve a high display quality
in all pixels.

[0014] Because of this, although, for example, theoreti-
cally, the cavity (resonator) structure as described above can
be realized in a full color display device by setting the
optical length in each pixel depending on the light emission
wavelength, when the pixels are independently manufac-
tured to achieve different thicknesses, the number of pro-
cesses in the manufacturing is inevitably increased and the
manufacturing processes become more complicated, which
results in serious degradation of the quality and variation. In
particular, because an organic EL display device currently
has a problem with respect to the stability of the display
quality, if a resonator structure is simply used, the yield is
reduced when the display devices are mass-produced and the
manufacturing cost is significantly increased. Therefore,
application of the microresonator to an EL display device
has been only researched and has not yet been commercial-
ized.

SUMMARY OF THE INVENTION

[0015] According to one aspect of the present invention,
there is provided a display device comprising a plurality of
pixels and which realizes a color display using emitted light
of at least two wavelengths, wherein each of the plurality of
pixels comprises a microresonator structure formed between
a lower reflective film formed on a side near a substrate and
an upper reflective film formed above the lower reflective
film with an organic light emitting element layer therebe-
tween, the lower reflective film is formed by a transflective
metal thin film, a conductive resonator spacer layer which
functions as an electrode for supplying charges to the
organic light emitting element layer and having an indi-
vidual pattern for each pixel is provided between the lower
reflective film and the organic light emitting element layer,
the conductive resonator spacer layer being a transparent
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conductive metal oxide layer and having a thickness which
differs among pixels emitting light of different wavelengths,
and light obtained in the organic light emitting element layer
is intensified by the microresonator structure formed
between the lower reflective film and the upper reflective
film and is emitted to the outside through the conductive
resonator spacer layer and the lower reflective film.

[0016] According to another aspect of the present inven-
tion, it is preferable that, in the display device, emitted light
from each pixel is one of red, blue, and green, and the
conductive resonator spacer layer is layered to different
thicknesses for pixels of red, pixels of blue, and pixels of
green.

[0017] According to another aspect of the present inven-
tion, there is provided a display device comprising a plu-
rality of pixels and which realizes a color display using
emitted light of at least two wavelengths, wherein each of
the plurality of pixels comprises a microresonator structure
formed between a lower reflective film formed on a side near
a substrate and a transflective upper reflective film formed
above the lower reflective film with an organic light emitting
element layer therebetween, an optical length corresponding
to a distance between the lower reflective film and the upper
reflective film differing among pixels emitting light of
different wavelengths, and light which is intensified by the
microresonator structure is emitted to the outside through
the upper reflective film.

[0018] According to another aspect of the present inven-
tion, it is preferable that, in the display device, a conductive
resonator spacer layer which functions as an electrode for
supplying charges to the organic light emitting element layer
and having an individual pattern for each pixel is provided
between the lower reflective film and the upper reflective
film, and the conductive resonator spacer layer has a thick-
ness which differs among pixels emitting light of different
wavelengths.

[0019] According to another aspect of the present inven-
tion, it is preferable that, in the display device, the conduc-
tive resonator spacer layer is provided between the lower
reflective film and the organic light emitting element layer
and contains a conductive metal oxide.

[0020] According to another aspect of the present inven-
tion, it is preferable that, in the display device, the lower
reflective film contains silver, gold, platinum, aluminum, or
an alloy of any of these metals.

[0021] According to another aspect of the present inven-
tion, there is provided a manufacturing method of a display
device which comprises a plurality of pixels and realizes a
color display using emitted light of at least two wavelengths,
and in which each pixel comprises a microresonator formed
between a lower reflective film and an upper film formed
above the lower reflective film with an organic light emitting
element layer therebetween, the organic light emitting ele-
ment layer having at least one layer; and an optical length
corresponding to a distance between the lower reflective film
and the upper reflective film of the microresonator differing
among pixels corresponding to light emission colors;
wherein the lower reflective film of each pixel is formed, and
a plurality of conductive resonator spacer layers having
different thicknesses among pixels of different colors of
emitted light are sequentially formed on the lower reflective
film and continuous with the lower reflective film in different
film formation chambers.
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[0022] According to another aspect of the present inven-
tion, it is preferable that, in the method for manufacturing a
display device, the conductive resonate; spacer layer is an
electrode layer which supplies charges to the organic light
emitting element layer, and the conductive resonator spacer
layer is formed in each of the film formation chambers by
layering a conductive metal oxide to a predetermined thick-
ness in an individual pattern for each pixel using a mask.

[0023] According to another aspect of the present inven-
tion, it is preferable that, in the method for manufacturing a
display device, emitted light from each pixel is one of red,
green, and blue, and the conductive resonator spacer layer is
layered to different thicknesses for pixels of red, pixels of
green, and pixels of blue.

[0024] According to another aspect of the present inven-
tion, it is preferable that, in the method for manufacturing a
display device, the lower reflective film is a metal film
containing silver, gold, platinum, aluminum, or an alloy of
any of these metals, and a transparent conductive metal
oxide layer is formed layer is formed as the conductive
resonator spacer layer having a predetermined thickness
sequentially after the metal film is formed.

[0025] According to another aspect of the present inven-
tion, there is provided an apparatus for manufacturing a
display device in which each pixel comprises a microreso-
nator formed between a lower reflective film and an upper
reflective film formed above the lower reflective film with an
organic light emitting element layer therebetween, an optical
length corresponding to a distance between the lower reflec-
tive film and the upper reflective film of the microresonator
differing among pixels corresponding to wavelengths of
emitted light, and a color display is realized using emitted
light of at least two wavelengths, the apparatus comprising
alower reflective film formation chamber in which the lower
reflective film is formed, and a spacer film formation cham-
ber in which a conductive resonator spacer layer is layered,
the conductive resonator spacer layer being formed between
the lower reflective film and the organic light emitting
element layer for adjusting the optical length of the
microresonator based on light emission wavelength of light
emitted from the pixel, wherein a plurality of the spacer film
formation chambers are provided corresponding to thick-
nesses of the conductive resonator spacer layer to be formed,
and the lower reflective film formation chamber and the
plurality of the spacer film formation chambers are con-
nected to each other directly or through a transport chamber
so that a substrate to be processed can be transported while
a state of vacuum is maintained.

[0026] According to another aspect of the present inven-
tion, it is preferable that, in the spacer film formation
chamber of the manufacturing apparatus of a display device,
the conductive resonator spacer layer is formed on the lower
reflective film in a vacuum atmosphere using a mask having
an opening corresponding to a predetermined pixel region.

[0027] According to another aspect of the present inven-
tion, it is preferable that, in the manufacturing apparatus of
a display device, the lower reflective film formation cham-
ber is a film formation chamber in which a metal film
containing silver, gold, platinum, aluminum, or an alloy of
any of these metals is formed on the substrate to be pro-
cessed, and in the spacer film formation chamber, an oxide
of indium or tin or an indium tin oxide is layered to a
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predetermined thickness as the conductive resonator spacer
layer on the substrate to be processed which is transported
while a state of vacuum is maintained and onto which the
metal film is formed.

[0028] According to the present invention, it is possible to
easily and accurately form an optical microresonator (micro-
cavity) in each pixel of a display device corresponding to the
light emission wavelength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A Preferred embodiment of the present invention
will be described in detail based on the following drawings,
wherein:

[0030] FIG. 1is a diagram schematically showing a cross
sectional structure of a display device having a microreso-
nator structure according to a preferred embodiment of the
present invention;

[0031] FIG.2 is a diagram schematically showing another
cross secctional structure of a display device having a
microresonator structure according to a preferred embodi-
ment of the present invention,

[0032] FIG. 3 is a diagram schematically showing a
circuit of an active matrix organic EL display device accord-
ing to a preferred embodiment of the present invention,

[0033] FIG. 4 is a diagram showing a portion of an
apparatus for manufacturing a display device having a
microresonator structure according to a preferred embodi-
ment of the present invention; and

[0034] FIG. 5 is a diagram showing another configuration
of an apparatus for manufacturing a display device having a
microresonator structure according to a preferred embodi-
ment of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENT

[0035] A preferred embodiment (hereinafter, referred to
simply as “embodiment”) of the present invention will now
be described referring to the drawings.

[0036] FIG. 1is a diagram schematically showing a cross
sectional structure of a display device having a microreso-
nator (microcavity) structure according to a preferred
embodiment of the present invention. The display device is
a light emitting display device having a self-emissive dis-
play element in each pixel. The present invention will be
described exemplifying an organic EL display device in
which an organic EL element is used as the display element.

[0037] An organic EL element 100 has a layered structure
having an organic light emitting element layer 120 which at
least includes an organic compound, in particular, an organic
light emitting material, between a first electrode 200 and a
second electrode 240. The organic EL element 100 takes
advantage of a principle that electrons are injected from an
anode to the organic layer and holes are injected from a
cathode to the organic layer, the injected electrons and holes
recombine within the organic layer, the organic light emit-
ting material is excited by the obtained recombination
energy, and light is emitted when the organic light emitting
material returns to its ground state.

[0038] A conductive metal oxide material such as, for
example, ITO (Indium Tin Oxide) or IZO (Indium Zinc
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Oxide) is used as the first electrode 200 and Al or an alloy
of Al which functions as an upper reflective film is used as
the second electrode 240. A lower reflective film 110 is
provided below the first electrode 200 for forming a
microresonator structure between the upper reflective film
and the lower reflective film.

[0039] When a bottom emission type display device is to
be realized in which light obtained in the organic light
emitting element layer 120 is emitted to the outside through
the transparent first electrode 200 and the substrate 80, the
lower reflective film 110 must be formed in a semi-trans-
missive manner which can partially allow light from the
light emitting element layer 120 to transmit. As the lower
reflective film 110, it is possible to employ any of Ag, Au,
Pt, and Al or an alloy film thereof. The lower reflective film
110 is formed to a thickness which allows light to transmit
or in a pattern having an opening such as a mesh shape and
a lattice shape.

[0040] The organic light emitting element layer 120 has a
light emitting layer which at least contains an organic light
emitting molecule and may be formed in a single-layer
structure or a layered structure of a plurality of layers such
as 2, 3, and 4 layers, depending on the material. In the
configuration of FIG. 1, the organic light emitting element
layer 120 has a structure in which a hole injection layer 122,
a hole transport layer 124, a light emitting layer 126, an
electron transport layer 128, and an electron injection layer
130 are layered in this order from the side near the first
electrode 200 which functions as the anode through con-
tinuous film formation of vacuum evaporation or the like.
Moreover, the second electrode 240 which functions as the
cathode in this configuration is formed on the electron
injection layer 130 continuous from the organic light emit-
ting element layer 120 through vacuum evaporation similar
to the organic light emitting element layer 120.

[0041] The emitted light of the organic EL element
depends on the organic light emitting molecule. In the case
of a color display device having colors of R, G, and B, it is
possible to form the light emitting layers 126 in individual
patterns for each pixel and use different light emitting
materials for R, G, and B. In this case, the light emitting
layers 126 are set in patterns separate for R, G, and B pixels
in order to at least prevent mixture of colors, and are formed
in separate steps for R, G, and B. In the present embodiment,
a light emitting material common to all pixels is used as the
light emitting layer 126 and the same white light emitting
layer is employed in all pixels, although the structure of the
present embodiment is not limited to this configuration.
More specifically, a layered structure of light emitting layers
of orange and blue which are complementary colors is
employed as the light emitting layer 126 and light emission
of white color is realized by addition of colors.

[0042] When a white color light emitting EL element is
employed in all pixels, all layers in t he organic light
emitting element layer 120 can he formed common to all
pixels. However, in order to more reliably control light
emission for each pixel to increase the contrast, it is also
possible to employ an individual pattern for each pixel. By
forming the film using a mask (for example, through vacuum
evaporation), the white color light emitting layer 126 can be
formed in an individual pattern for each pixel simultaneous
with the formation of the light emitting layer 126. In the
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configuration of FIG. 1, the same white color light emitting
layer 126 is formed in an individual pattern for each pixel.
The other layers, that is, the hole injection layer 122, the hole
transport layer 124, the electron transport layer 128, and the
electron injection layer 130, are formed common to all
pixels (these layers may also be formed in an individual
pattern in desired sizes using a mask) and the second
electrode 240 is also formed common to all pixels.

[0043] The organic light emitting element layer 120 has a
function to transport holes or electrons, but has a high
resistance. Thus, charges are injected to the organic light
emitting element layer 120 only in a region in which the first
electrode 200 and the second electrode 240 directly oppose
each other with the organic light emitting element layer 120
therebetween and the light emitting region of the organic EL
element 100 corresponds to this region in which the first
electrode 200 and the second electrode 240 oppose each
other. More specifically, because end regions of the first
electrode 200 are covered by a planarizing insulating layer
140, an opening region in the planarizing insulating layer
140 above the first electrode 200 becomes the light emitting
region of the organic EL element 100.

[0044] The microresonator (microcavity) structure of the
present embodiment is formed in the region in which the
transparent first electrode 200 and the second electrode 240
oppose each other with the organic light emitting element
layer 120 therebetween, between the lower reflective film
100 below the first electrode 200 and the second electrode
240 which also functions as the upper reflective film. An
optical length L of the microresonator is actually a length
corresponding to an interlayer distance (thickness) between
the lower reflective film 110 and the upper reflective film
240 and a penetration distance of light in the lower reflective
film 110 and the upper reflective film 240. Optical lengths L
(Lr, Lg, and Lb) described by the above-described equation
(1) are formed in the pixels of R, G, and B corresponding to
the wavelengths 2 of R, G, and B (Ar, Ag, and Ab). Here,
because a metal material is used for the lower reflective film
110 and the upper reflective film 290, the penetration dis-
tance of light in these films is approximately zero. Because
of this, with the white light emitted from the white light
emitting layers 126 having the same structure, for example,
only the light of wavelength of R, G, or B is resonated and
intensified corresponding to the optical lengths L in each
pixel and is emitted to the outside. In a configuration in
which the emission colors of the light emitting layers 126 are
R, G, and B corresponding to the R, G, and B pixels, the
light of the wavelength A corresponding to the optical length
L of the microresonator formed in the pixels is intensified
among the wavelength components and is emitted to the
outside. In addition, because the directionality of the emitted
light, in particular, the directionality toward the front direc-
tion of view of the display, is improved with the microreso-
nator structure, the light emission brightness at the front
position can be increased.

[0045] 1In the present embodiment, in order to vary the
optical lengths L. among the pixels based on the light
emission wavelength A, of the first electrode 200 present
between the lower reflective film 110 and the upper reflec-
tive film 240 and the organic light emitting element layer
120, a conductive resonator (cavity) space layer is used as
the first electrode 200 to adjust the thickness.
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[0046] When the first electrode 200 is to be formed
individually for each pixel, by using masks having openings
only in the target pixel regions in different film formation
chambers and setting the film formation periods correspond-
ing to the thicknesses, it is possible to automatically form the
first electrode 200 for the pixels having different thicknesses
corresponding to the film formation chambers, that is, cor-
responding to the light emission wavelengths, The first
electrode 200 made of a transparent conductive metal mate-
rial such as ITO as described above may be formed, for
example, through sputtering or, alternatively, maybe formed
through vacuum evaporation. In either case, by applying the
film formation process with a mask placed in front of the
material source of the substrate to be processed during the
film formation, it is possible to obtain the first electrode 200
having the desired thickness as the resonator spacer layer. In
addition, the first electrode 200 is formed continuously from
the formation of the lower reflective film 110 formed below
the first electrode 200 without exposure of the structure to
the atmosphere (air) using a manufacturing apparatus which
will be described below. With this configuration, it is pos-
sible to reliably prevent reduction in the reflectivity and
reduction in degree of contact between the first electrode
200 and the lower reflective film 110 due to coverage of the
surface of the lower reflective film 110 by a natural oxide
film or adhesion of impurities at the interface between the
lower reflective film 110 and the first electrode 200.

[0047] The microresonator according to the present
embodiment is not limited to the bottom emission type
structure as described above and may also be applied to a top
emission type EL display device.

[0048] FIG. 2 shows a structure in which a microresonator
structure is employed in a top emission type display device
in which light obtained in the organic light emitting element
layer 120 is emitted through the second electrode 240. In a
top emission type structure, a light reflection film (mirror)
having a reflectivity of approximately 100% is used as the
lower reflective film 110, In this structure also, the lower
reflective film 110 is formed to a sufficient thickness using
the same material as that of the semi-transmissive (trans-
flective) lower reflective film 110 as described above, or as
a film without any opening.

[0049] The second electrode 240 must be optically trans-
missive, When the second electrode 240 functions as a
cathode, a metal thin film 240 made of a material of a low
work function such as Ag and Au for maintaining electron
injecting characteristics is provided on a side near the
interface with the organic light emitting element layer 120 to
a thin thickness which allows light to transmit, or in a pattern
having an opening such as a mesh shape or a lattice shape
and a transparent conductive layer 240f made of ITO or the
like is formed on the thin film 240m to form the second
electrode 240. The upper reflective film for forming the
microresonator with the lower reflective film 110 maybe
realized using the semi-transmissive metal thin film 240,
formed on the side of the second electrode 240 near the
interface with the organic light emitting element layer 120.

[0050] In the present embodiment, a microresonator struc-
ture can be formed between the lower reflective film 110 and
the upper reflective film 240 both in a bottom emission type
display device and in the top emission type display device.
In cither case, the first ¢lectrode 200 is formed to different
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thicknesses for each light emission wavelength and is used
as the conductive resonator spacer layer for adjusting the
optical length L.

[0051] In the present embodiment, an active matrix
organic EL display device can be employed in which a
switching element is provided in each pixel and the organic
EL element is individually controlled. The first electrode
200 is electrically connected to a corresponding switching
element and is formed in an independent pattern for each
pixel. With the first electrode 200 having an individual
pattern for each pixel, even when the first electrode 200 is
formed to thicknesses different for pixels of R, G, and B, it
is possible to reliably and easily adjust the optical length L
of the pixel without affecting the structure of pixels of other
colors. In a passive matrix display device in which no
switching element is provided in each pixel, a method for
changing the thicknesses, of a plurality of the first electrodes
200 which are formed along one direction in a stripe pattern,
line by line may be employed, as such a method allows easy
manufacturing steps and is efficient for avoiding adhesion of
impurities or the like to the surface of the first electrode 200.

[0052] 1In order to change the optical length L, it is also
possible to change other conditions such as, for example, the
thickness of the organic light emitting element layer 120 for
the pixels of different light emission wavelengths. However,
the layers formed common to all pixels among the layers in
the organic light emitting element layer 120 are preferably
simultaneously formed because such a configuration sim-
plifies the manufacturing steps, and, moreover, it is very
important to continuously form the films in the organic light
emitting element layer 120 having a layered structure with
a minimum number of steps and without breaking the state
of vacuum in order to prevent deterioration as the organic
layer of the organic EL element is known to deteriorate due
to moisture, oxygen, and particles.

[0053] FIG. 3 is a diagram schematically showing a
circuit structure of an active matrix organic EL display
device according to the present embodiment. The circuit
structure is not limited to that shown in FIG. 3, but, as an
example configuration, each pixel comprises an organic EL
element 100, a switching TFT 1, an EL driver TFT 2, and a
storage capacitor Csc. A gate electrode of the TFT 1 is
electrically connected to a gate line GL which extends along
a horizontal direction of the display device and to which a
scan signal is supplied. A source (or drain) of the TFT 1 is
connected to a data line DL which extends along a vertical
direction and to which a data signal is supplied. The storage
capacitor Csc is connected to a drain (or source) of the
switching TFT 1. When a scan signal is output and the TFT
1 is switched on, a voltage corresponding to a data signal
voltage on the data line DL supplied via the source and drain
of the TFT 1 is stored in the storage capacitor Csc until the
next time the pixel is selected. The voltage stored in the
storage capacitor Csc is applied to a gate electrode of the EL
driver TFT 2 and the TFT 2 supplies a current from a power
supply (PVdd) line PL to the first electrode 200 (in this
configuration, anode) of the organic EL element 100 based
on the voltage applied to the gate electrode of the TFT 2.

[0054] The TFT connected to the first electrode 200 of the
organic EL element 100 in FIGS. 1 and 2 corresponds to the
EL driver TFT 2 of FIG. 3 and the switching TFT 1 and the

storage capacitor Csc are not shown in FIGS. 1 and 2. Both
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TFTs 1 and 2 use, as an active layer 82 formed on a glass
substrate 80, polycrystalline silicon films which are simul-
taneously formed by polycrystallizing amorphous silicon
through laser annealing. In addition, the elements necessary
for the TFTs such as gate insulating films 84 and gate
electrodes 86 are formed almost simultaneously and through
the same processes. The semiconductor film 82 of the TFT
1 also functions as one of the electrodes of the storage
capacitor Csc and the other electrode of the storage capacitor
Csc is formed by a capacitor electrode line which opposes
the first electrode of the storage capacitor Csc with the gate
insulating film 84 therebetween, made of the same metal
material as the gate electrode 86, and to which a predeter-
mined capacitor voltage Vsc is applied.

[0055] The storage capacitor Csc, TFT 1, and TFT 2 are
covered by an interlayer insulating film 88. A data line DL
is connected to the source (or drain) of the TFT 1 through a
contact hole 90 formed through the interlayer insulating film
88 and a power supply line PL is connected to the source (or
drain) of the TFT 2 through a contact hole 90 formed
through the interlayer insulating film 8, Furthermore, a
planarizing insulating layer 92 made of a resin or the like is
formed covering the interlayer insulating film 88, the data
line DL, and the power supply line PL. The first electrode
200 is connected to the drain (or source) of the TFT 2
through a contact hole 94 formed through the planarizing
insulating layer 92 and the interlayer insulating film 88.

[0056] As shown in FIGS. 1 and 2, the first electrode 200
also functions as the resonator spacer layer and is transpar-
ent and the lower reflective film 110 is formed below the first
electrode 200, that is, the lower reflective film 110 is formed
on the planarizing insulating layer 92 before the first elec-
trode 200 is formed. In order to further improve reliability
of connection between the TFT and the first electrode 200 at
the contact hole 94, it is preferable that the lower reflective
film 110 is not formed in the contact hole 94 as shown in
FIGS. 1 and 2. It is possible to realize this configuration by
using a mask having a pattern in which a region of the
contact hole 94 is blocked, during the formation of the lower
reflective film 110. However, as long as the contact can be
reliably achieved, it is also possible to form the lower
reflective film 110 also in the contact hole 94 and to form the
first electrode 200 on the lower reflective film 110.

[0057] As shown in FIGS. 1 and 2, the surface of the first
electrode 200 in the formation region of the contact hole 94
may be lower than the surface of the first electrode 200 in
other regions. As described, in the present embodiment, it is
important that the optical length L in the resonator is
accurately set in order to determine the light emission
wavelength (resonator wavelength) 2. Therefore, it is pref-
erable to cover the region in which the surface is not flat, that
is, the region above the contact hole 94 which tends to
generate variation in the optical length L within a pixel, with
the planarizing insulating layer 140 which covers around the
ends of the first electrode 200.

[0058] FIG. 4 shows a manufacturing apparatus for form-
ing the active matrix organic EL display device as described
above. This manufacturing apparatus is a film formation
device 10 for forming the lower reflective film 110 and the
conductive resonator spacer layer which also functions as
the first electrode and having different thicknesses for each
light emission wavelength, on a substrate to be processed to
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which the layers to the planarizing insulating layer 92 (refer
to FIGS. 1 and 2) are formed. The film formation device 10
comprises a cassette loader 12, load lock chambers 14 and
16, a vacuum transport chamber 18, a lower reflective film
formation chamber 20, and first electrode film formation
chambers 22, 24, and 26 having different film formation
thicknesses.

[0059] A cassette in which the substrate to be processed is
stored in a state of vacuum and which is transported is
connected at the cassette loader 12, and the substrate to be
processed is transported to the load lock chamber 14. Also
in the cassette loader 12, an exporting cassette is connected,
which transports the substrate for which the film formation
processes at the film formation device 10 are completed to
the cassette while maintaining a state of vacuum.

[0060] When air in the load lock chamber 14 is discharged
and the load lock chamber 14 reaches a predetermined
degree of vacuum, the gate is opened, the substrate to be
processed is received from the cassette loader 12, the gate
between the load lock chamber 14 and the cassette loader 12
is closed, and the s to be processed is sent to the vacuum
transport chamber 18. The vacuum transport chamber 18
comprises a transporting mechanism of the substrate such as
a robot arm and executes transporting processes of the
substrate to be processed into and out of the lower reflective
film formation chamber 20 and into and out of the first
electrode film formation chambers 22, 24, and 26 while
maintaining the inside of the chamber at vacuum.

[0061] The substrate to be processed which is transported
from the load lock chamber 14 to the vacuum transport
chamber 18 is first sent to the lower reflective film formation
chamber 20. As described above, the lower reflective film
110 shown in FIGS. 1 and 2 must have a high reflectivity.
When the lower reflective film 110 is to be filled in the
contact hole 94, it is necessary for the lower reflective film
110 and the active layer of the TFT 2 to be capable of being
electrically connected, and a metal material such as, for
example, Ag, Au, Pt, and Al or an alloy thereof is used.

[0062] As a method of forming a film, it is possible to
employ vacuum evaporation, sputtering, etc. A mask having
openings corresponding 1o the pixel regions is aligned by a
mask alignment mechanism provided within the chamber on
a side of a surface to which the films are to be formed of the
substrate to be processed which is transported into the lower
reflective film formation chamber 20. A metal material from
a vacuum evaporation source, for example, is layered on the
substrate to be processed corresponding to the opening
pattern of the mask and a lower reflective film 110 having a
pattern for each pixel region is formed on the surface of the
substrate to be processed (surface of the planarizing insu-
lating layer 92) simultancously with the film formation.

[0063] After the lower reflective film 110 is formed, the
substrate to be processed is transported to the vacuum
transport chamber 18. More specifically, while a state of
vacuum is maintained, that is, after the lower reflective film
is formed, the material source is removed from the atmo-
sphere of the film formation chamber 20 and, after the lower
reflective film formation chamber 20 becomes a predeter-
mined vacuum level, the gate between the lower reflective
film formation chamber 20 and the vacuum transport cham-
ber 18 is opened and the substrate to be processed is
transported by the transporting mechanism of the vacuum
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transport chamber 18 to the vacuum transporting chamber
18 which is maintained at a state of vacuum. Then, the gate
at the boundary between the lower reflective film formation
chamber 20 and the vacuum transport chamber 18 is closed.
One of the gates between the vacuum transport chamber 18
and the first electrode formation chambers 22, 24, and,26 is
then opened and the substrate to be processed is transported
from the vacuum transport chamber 18 through the opened
gate into the film formation chamber of one of the first
electrode film formation chambers 22, 24, and 26 which is
maintained at a predetermined level of vacuum. As the first
electrode 200, a transparent conductive metal oxide material
such as ITO and IZO is used and is layered, for example,
through sputtering.

[0064] In the present embodiment, masks in which open-
ings are selectively opened at corresponding pixel positions
of the first electrode to be formed as the resonator space
layer which is determined based on the light emission
wavelength are provided in the film formation chambers 22,
24, and 26, The mask is aligned with the substrate to be
processed which is transported, on the side of the surface to
which the film is to be formed, and a film is formed to form
the first electrode 200 at a predetermined position with a
predetermined thickness.

[0065] The order of formation of films in the film forma-
tion chambers 22, 24, and 26, that is, an order of formation
of the first electrodes 200 may be an order of increasing
thickness or an order of decreasing thickness. In the present
embodiment, the mask is aligned on the substrate to be
processed on the side of a surface to which the film is to be
formed and the first electrode 200 having an individual
pattern for each pixel is formed. It is preferable to form the
film in the order from a thinner thickness to a thicker
thickness in order to reduce the possibility of contact of the
mask which is aligned at a position close to the film
formation surface with the first electrode 200 which is
already formed, which result in damages on the surface.

[0066] The thickness of the first electrode 200 must be
increased as the wavelength becomes longer, based on the
equation (1). Thus, the thicknesses for the pixels satisfy the
relationship: (thickness of pixel for R light)>(thickness of
pixel for G light)>(thickness of pixel for B light). Thus, in
the present embodiment, if the first electrode film formation
chamber 22 is a first electrode film formation chamber for
pixels of B light, the film formation chamber 24 is a first
electrode film formation chamber for pixels of G light, and
the film formation chamber 26 is a first electrode film
formation chamber for pixels of R light, a film formation
process of the first electrode 200 (B) for pixels of B light at
the film formation chamber 22, a film formation process of
the first electrode 200 (G) for pixels of G light at the film
formation chamber 24, and the film formation process of the
first electrode 200 (R) for pixels of R light at the film
formation chamber 26 are executed in this order for the
substrate to be processed. The film formation procedures in
the first electrode film formation chambers 22, 24, and 26 are
identical to each other. Exemplifying the film formation
chamber 22, a gate is opened while the chamber is main-
tained in a vacuum state, the substrate to be processed is
transported by the transporting mechanism from the vacuum
transport chamber 18, the gate is closed after the transport-
ing mechanism is evacuated from the film formation cham-
ber 22, and the mask which is made of a metal or a
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semiconductor material is aligned with the substrate to be
processed by the mask alignment mechanism. After the
alignment, the first electrode 200 for pixels of B light is
formed on a position on the substrate corresponding to the
pixels of B light covering the lower reflective film 110 of the
substrate to be processed, through, for example, sputtering.
After the film is formed, air in the film formation chamber
is evacuated, the material source is removed from the
atmosphere, the gate between the film formation chamber 22
and the vacuum transport chamber 18 is opened, the sub-
strate to be processed, on which the first electrode 200 for
pixels of B light is formed, is transported to the vacuum
transport chamber 18, and the gate is again closed.

[0067] In the film formation chambers 24 and 26, a first
electrode 200 having a thickness corresponding to the pixels
of G light and a first electrode 200 having a thickness
corresponding to the pixels of R light are formed through
similar processes. After all first electrodes 200 for pixels of
R, G, and B are formed, the substrate to be processed is
transported from the vacuum transport chamber 18 to the
load lock chamber 16 while a state of vacuum is maintained
and is sent to the next layering step, that is, the layering
device of the organic light emitting element layer 120,
through the cassette loader 12.

[0068] As described, with the structure of the film forma-
tion device as shown in FIG. 4, after the lower reflective
film 110 is formed the substrate to be processed is trans-
ported to the first electrode film formation chambers 22, 24,
and 26 without being exposed to the atmosphere and the first
electrodes 200 are formed in the film formation chambers
22,24, and 26. Therefore, no natural oxide film or the like
is formed on a surface of the lower reflective film 116 and
the surface of the lower reflective layer is maintained in a
clean state. Therefore, there 1s no reduction in the reflectiv-
ity, a high degree, of contact can be obtained between the
lower reflective layer and the first electrode 200 made of
ITO or the like, and the reliability and lifetime as a display
device can be improved.

[0069] Although the first electrodes 200 are formed for
each of pixels of R, G, and B, it is possible to pattern the
electrode simultaneously with the film formation by using
masks when the first electrodes 200 are formed, and, as a
consequence, it is possible to change the optical length L of
the resonator for each emitted light while minimizing
increase in the number of manufacturing steps. The thick-
ness of the first electrode 200 can be accurately and easily
controlled by, for example, changing the film formation
periods in the film formation chambers 22, 24, and 26.

[0070] In the above description, film formation with
respect to one substrate to be processed has been described.
Alternatively, it is also possible to employ a batch type
manufacturing method in which a plurality of substrates to
be processed are introduced into the film formation chamber
and the processes are executed almost simultaneously.

[0071] Although the film formation device of FIG. 4 has
a structure in which all substrates to be processed are
transported via the vacuum transport chamber 18 at the
center to the next film formation chamber, it is also possible
to employ an inline type film formation device in which the
film formation chambers 20, 22, 24, and 26 are directly
connected with gates therebetween in the order of the film
formation process with respect to the substrate to be pro-
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cessed, as shown in FIG. 5. With the film formation device
having a structure shown in FIG. 4, however, it is possible
to more easily respond to a change in the manufacturing
procedures such as a change in the order of film formation,
compared to the structure of FIG. 5, In FIG. 4, the relative
positions of the film formation chambers are arbitrary, but by
providing the chambers, having corresponding film forma-
tion processes which are connected, near to each other, it is
possible to efficiently move the transport mechanism, which
contributes to shortening of the manufacturing time.

What is claimed is:

1. A display device comprising a plurality of pixels and
which realizes a color display using emitted light of at least
two wavelengths, wherein

each of the plurality of pixels comprises a microresonator
structure formed between a lower reflective film
formed on a side near a substrate and an upper reflec-
tive film formed above the lower reflective film with an
organic light emitting element layer therebetween,

the lower reflective film is formed by a tansflective metal
thin film,

a conductive resonator spacer layer which functions as an
electrode for supplying charges to the organic light
emitting element layer and having an individual pattern
for each pixel is provided between the lower reflective
film and the organic light emitting element layer, the
conductive resonator spacer layer being a transparent
conductive metal oxide layer and having a thickness
which differs among pixels emitting light of different
wavelengths, and

light obtained in the organic light emitting element layer
is intensified by the microresonator structure formed
between the lower reflective film and the upper reflec-
tive film and is emitted to the outside through the
conductive resonator spacer layer and the lower reflec-
tive film.

2. A display device according to claim 1, wherein

emitted light from each pixel is one of red, blue, and
green, and

the conductive resonator spacer layer is layered to differ-
ent thicknesses for pixels of red, pixels of blue, and
pixels of green.

3. A display device according to claim 1, wherein

the lower reflective film contains silver, gold, platinum,
aluminum, or an alloy of any of these metals.
4. A display device comprising a plurality of pixels and
which realizes a color display-using emitted light of at least
two wavelengths, wherein

each of the plurality of pixels comprises a microresonator
structure formed between a lower reflective film
formed on a side near a substrate and a transflective
upper reflective film formed above the lower reflective
film with an organic light emitting element layer ther-
ebetween,

an optical length corresponding to a distance between the
lower reflective film and the upper reflective film
differs among pixels emitting light of different wave-
lengths, and
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light which is intensified by the microresonator structure
is emitted to the outside through the upper reflective
film.

5. A display device according to claim 4, wherein

a conductive resonator spacer layer which functions as an
electrode for supplying charges to the organic light
emitting element layer and having an individual pattern
for each pixel is provided between the lower reflective
film and the upper reflective film, and

the conductive resonator spacer layer has a thickness
which differs among pixels emitting light of different
wavelengths.

6. A display device according to claim 5, wherein

the conductive resonator spacer layer is provided between
the lower reflective film and the organic light emitting
element layer and contains a conductive metal oxide.
7. A display device according to claim 4, wherein

the lower reflective film contains silver, gold, platinum,

aluminum, or an alloy of any of these metals.

8. A manufacturing method of a display device which
comprises a plurality of pixels and realizes a color display by
emitted light of at least two wavelengths, and in which each
pixel comprises a microresonator formed between a lower
reflective film and an upper reflective film formed above the
lower reflective film with an organic light emitting element
layer therebetween, the organic light emitting element layer
having at least one layer; and an optical length correspond-
ing to a distance between the lower reflective film and the
upper reflective film of the microresonator differs among
pixels corresponding to light emission colors, wherein

the lower reflective film of each pixel is formed, and

a plurality of conductive resonator spacer layers having
different thicknesses among pixels of different colors of
emitted light are sequentially formed on the lower
reflective film and continuous with the lower reflective
film in different film formation chambers.

9. A manufacturing method of a display device according

to claim 8, wherein

the conductive resonator spacer layer is an electrode layer
which supplies charges to the organic light emitting
element layer, and

the conductive resonator spacer layer is formed in each of
the film formation chambers by layering a conductive
metal oxide to a predetermined thickness in an indi-
vidual pattern for each pixel using a mask.
10. A manufacturing method of a display device accord-
ing to claim 8, wherein

emitted light from each pixel is one of red, blue, and
green, and

the conductive resonator spacer layers are layered to
different thicknesses for pixels of red, pixels of blue,
and pixels of green.
11. A manufacturing method of a display device according
to claim 8, wherein
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the lower reflective film is a metal film containing silver,
gold, platinum, aluminum, or an alloy of any of these
metals, and

a transparent conductive metal oxide layer is formed as
the conductive resonator spacer layer having a prede-
termined thickness sequentially after the metal film is
formed.

12. An apparatus for manufacturing a display device in
which each pixel comprises a microresonator formed
between a lower reflective film and an upper reflective film
formed above the lower reflective film with an organic light
emitting element layer therebetween, an optical length cor-
responding to a distance between the lower reflective film
and the upper reflective film of the microresonator differs
among pixels corresponding to wavelengths of emitted light,
and a color display is realized by emitted light of at least two
wavelengths, the apparatus comprising:

a lower reflective film formation chamber in which the
lower reflective film is formed; and

a spacer film formation chamber in which a conductive
resonator spacer layer is layered, the conductive reso-
nator spacer layer being formed between the lower
reflective film and the organic light emitting element
layer for adjusting the optical length of the microreso-
nator based on light emission wavelength of light
emitted from the pixel, wherein

a plurality of the spacer film formation chambers are
provided corresponding to thicknesses of the conduc-
tive resonator spacer layer to be formed; and

the lower reflective film formation chamber and the
plurality of the spacer film formation chambers are
connected to each other directly or through a transport
chamber so that a substrate to be processed can be
transported while a state of vacuum is maintained.
13. A manufacturing apparatus of a display device accord-
ing to claim 12, wherein

in the spacer film formation chamber, the conductive

resonator spacer layer is formed on the lower reflective

film in a vacuum atmosphere using a mask having an

opening corresponding to a predetermined pixel region.

14. Amanufacturing apparatus of a display device accord-
ing to claim 12, wherein

the lower reflective film formation chamber is a film
formation chamber in which a metal film containing
silver, gold, platinum, aluminum, or an alloy of any of
these metals is formed on the substrate to be processed,
and

in the spacer film formation chamber, an oxide of indium
or tin or an indium tin oxide is layered to a predeter-
mined thickness as the conductive resonator spacer
layer on the substrate to be processed which is trans-
ported while a state of vacuum is maintained and onto
which the metal film is formed.
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