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7) ABSTRACT

An EL display panel fabricated by evaporation creates red,
green, and blue pixels using a fine deposition mask (251).
However, the displacement of the fine deposition mask (251)
decreases the manufacturing yield. In the present invention,
red, green, and blue pixel electrodes are arranged in a matrix
on a TFT substrate (52). The TFT substrate (52) is trans-
ferred into a vacuum deposition chamber (56). A light-
emitting layer made up of a host material and a red guest
material is codeposited on the presentation screen of the TET
substrate using an organic evaporation source (66) in a
vacuum. A laser device (58) generates ultraviolet laser light
(59) which is guided into the vacuum deposition chamber
(56) through a laser window (63) to irradiate a light-emitting
layer formed on the green and blue pixel electrodes. The

(51) Int.CL
HOIL 27/32 (2006.01) positions of the green and blue pixels are selected by
HOIL 51/52 (2006.01) controlling a galvano mirror (62).
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EL DISPLAY-PANEL MANUFACTURING
METHOD, EL DISPLAY-PANEL
MANUFACTURING APPARATUS, EL
DISPLAY PANEL, AND EL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to EL display panels;
in particular it relates to EL display panels and EL display
devices, and EL Display-Panel manufacturing methods and
EL Display-Panel manufacturing apparatuses including
organic electroluminescent (sometimes termed “organic
EL” in the following) elements and suited to color-image
display.

BACKGROUND ART

[0002] EL display panels in which organic EL elements
are arranged in matrix form have been commoditized as
displays in smartphones and televisions.

[0003] FIG. 30 is a structural diagram of a conventional
EL display panel. Banks (sidewalls) 95 are formed alongside
pixel electrodes 15. The banks 95 prevent a vapor-deposition
fine mask 251 from contacting the pixel electrodes 15 and
other constituents.

[0004] In an EL display panel, EL elements 22 are
arranged in matrix form in a display screen 36 (referring to
FIG. 2). The EL elements 22 have an organic-material
laminated structure including a hole-transport layer (HTL)
16, an emitter layer (EML) 17, and an electron-transport
layer (ETL) 18, and are in a configuration in which the
laminated structure is sandwiched between pixel electrodes
15 (15R, 15B, 15G) and a light-permeable cathode electrode
19. A source driver circuit 32 (referring to FIG. 2) and a gate
driver circuit 31 (referring to FIG. 2) are surface-mounted
into a panel for an EL display to construct an EL display
panel.

[0005] FIG. 31 is a diagram for explaining a conventional
method for manufacturing an EL display panel. In order to
vapor-deposit red (R) color, green (G) color, and blue (B)
color EL materials in corresponding pixels during deposi-
tion, vapor-deposition fine masks 251 (251R, 251G, 251B)
are employed. The vapor-deposition fine masks 251 are
masks constituted from metal or synthetic resins, perforated
with holes matched to the corresponding pixel geometry.
[0006] As indicated in FIG. 31A, hole-transport layers 16
are formed on the pixel electrodes 15. Subsequently, as
indicated in FIG. 31B, a red vapor-deposition fine mask
251R is set into place. The red vapor-deposition fine mask
251R is perforated in locations corresponding to the red
pixel electrodes 15R. It is not perforated in locations cor-
responding to the pixel electrodes for the other colors (green
pixel electrodes 15G and blue pixel electrodes 15B).
[0007] With the vapor-deposition fine mask 251R having
been, as just noted, set into place, red light-emitting-layer
material 172R is vaporized from a vaporization source, and
through the perforations in the mask 251R the red light-
emitting-layer material 172R is deposited onto the red pixels
37R. Red light-emitting layers 17R are formed by the
deposited red light-emitting layer material.

[0008] For the green pixels. in the same way as with the
red pixels, a green vapor-deposition fine mask 251G is set
into place as indicated in FIG. 31C, and via the perforations
in the mask 251G, green light-emitting layers 17G are
formed on the green pixels 37G.
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[0009] For the blue pixels, likewise as with red pixels, a
blue vapor-deposition fine mask 251B is set into place as
indicated in FIG. 31D, and via the perforations in the mask
251B, blue light-emitting layers 17B are formed on the blue
pixels 37B.

[0010] FIG. 31E is an explanatory diagram representing
an operation subsequent to that of FIG. 31D. Flectron-
transport layers 18 are deposited over the red, green, and
blue light-emitting layers 17. A cathode electrode (cathode)
19 composed of magnesiumsilver (MgAg) etc. is formed
onto the electron-transport layers 18. As illustrated in FIG.
31F, a sealing membrane 20 is formed onto the cathode
electrode 19.

PRECEDENT TECHNICAL LITERATURE

Patent Documents

[0011] Patent Document 1: Pat. Pub. No. 2004-235138
SUMMARY OF INVENTION
Issues Invention is to Resolve

[0012] With conventional EL display panels, during the

formation of the light-emitting layers 17 for red, green and
blue EL elements, red, green and blue vapor-deposition fine
masks 251 are employed.

[0013] Should misregistration of the vapor-deposition fine
mask 251 occur, however, color adulteration in the pixels 37
will arise. A further issue has been that the cost of the
mechanisms and devices for positioning the photolithogra-
phy mask is expensive. Yet another issue has been that
because aligning the photolithography mask requires a
lengthy amount of time, manufacturing Takt time is pro-
longed.

Means for Resolving the Issues

[0014] With the present invention, in an operation of
forming a light-emitting layer for at least one colored, green,
blue, etc. in the manufacture of an EL display panel, a
continuous single-color light-emitting layer 17 is formed in
common among pixels 37 for a plurality of colors (referring
to FIG. 2). The light-emitting layer is formed by codeposi-
tion of, principally, a guest (dopant) material and a host
material. The formed light-emitting layer 17 is irradiated
with a laser beam that “reforms” the light-emitting layer 17.
[0015] “Reforming” may be that the light-emitting layers
17 are quenched, or are rendered non-emitting, or else are
rendered practically non-emitting.

[0016] Likewise, “reforming” may be that the band gap of
the guest material is greater than the band gap of the host
material, and in terms of the relative dispositions of the
highest occupied molecular orbitals (HOMOs) and lowest
unoccupied molecular orbitals (LUMO) in the guest material
and in the host material, at least one or more of relationships
being that in the guest material the HOMOs are lower than
in the host material, and that in the guest material the
LUMOs are higher than in the host material arises.

[0017] Further, “reforming” may be causing the guest
material to absorb light in the ultraviolet range to make the
band gap of the guest material greater than the energy-gap
region where visible light is emitted.

[0018] Additionally, “reforming” may be that the film
layers constituting the EL elements 22, or at least a portion
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of the components constituting the light-emitting layers 17,
e.g., the guest materials or host materials, produces decom-
position or polymerization, or produces change in the
molecular structure, altering the physical properties.
[0019] “Reforming” also may be that the film layers
constituting the EL, elements 22, for example, the guest
materials or host materials for the light-emitting layers 17,
are vaporized etc. to remove the materials from deposited
locations. Alternatively, it may be that the film layers con-
stituting the EL elements are removed by being transformed,
or by being vaporized.

[0020] “Reforming” in cases where the light-emitting lay-
ers 17 are constituted of a single material that is not formed
by codeposition of guest materials or host materials may be
that at least a portion of the components constituting the EL
elements 22 or the light-emitting layers 17 produces decom-
position or polymerization, or produces change in the
molecular structure, altering the physical properties. It may
also be that the light-emitting-layer material is vaporized etc.
to remove the material from deposited locations. Alterna-
tively, it may be that the film layers constituting the EL
elements 22 are removed by being decomposed, by being
transformed, or by being vaporized.

Advantages of Invention

[0021] The present invention forms the light-emitting lay-
ers 17 without employing any vapor-deposition fine masks
251. The light-emitting layers 17 are formed in common,
continuously in pixels of a plurality of colors. The light-
emitting layers 17 corresponding to the positions of the pixel
electrodes 15 are irradiated with a laser beam 59 or the like
to reform the light-emitting layers 17 and change the emis-
sion color of the light-emitting layers 17 in the pixels 37.
[0022] Notemploying any vapor-deposition fine mask 251
means that microlithography-mask misregistration is not an
issue, thanks to which there is no occurrence of color
adulteration in the pixels 37. What is more, since mecha-
nisms and devices for aligning the vapor-deposition fine
mask 251 are not necessary, manufacturing apparatus costs
may be curtailed. A still further advantage is that with
microlithography-mask positioning time being nil, manu-
facturing Takt time may be shortened.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a sectional structure diagram of an EL
display panel in a first embodiment example of the present
invention.

[0024] FIG. 2 is equivalent-circuit diagrams for blocks
and pixels in an EL display panel of the present invention.
[0025] FIG. 3 is diagrams for explaining an EL Display-
Panel manufacturing method of the present invention.
[0026] FIG. 4 is a diagram for explaining a vapor depo-
sition apparatus and a laser device in the manufacture of an
EL display panel of the present invention.

[0027] FIG. 5 is a diagram for explaining the laser device
in the manufacture of an EL display panel of the present
invention.

[0028] FIG. 6 is a diagram for explaining the laser device
in the manufacture of an EL display panel of the present
invention.

[0029] FIG. 7 is diagrams for explaining an EL Display-
Panel manufacturing method of the present invention.
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[0030] FIG. 8 is diagrams for explaining an EL Display-
Panel manufacturing method of the present invention.
[0031] FIG. 9 is diagrams for explaining an EL Display-
Panel manufacturing method of the present invention.
[0032] FIG. 10 is diagrams for explaining operations in
the manufacture of the EL display panel in the first embodi-
ment example of the present invention.

[0033] FIG. 11 is diagrams for explaining an EL, Display-
Panel manufacturing apparatus of the present invention.
[0034] FIG. 12 is diagrams for explaining an optical
illuminator in an EL, Display-Panel manufacturing apparatus
of the present invention.

[0035] FIG. 13 is diagrams for explaining an EL Display-
Panel manufacturing apparatus of the present invention.
[0036] FIG. 14 is a sectional structure diagram of an EL
display panel in a second embodiment example of the
present invention.

[0037] FIG. 15 is diagrams for explaining operations in
the manufacture of the EL display panel in the second
embodiment example of the present invention.

[0038] FIG. 16 is a sectional structure diagram of an EL
display panel in a third embodiment example of the present
invention.

[0039] FIG. 17 is diagrams for explaining operations in
the manufacture of the EL display panel in the third embodi-
ment example of the present invention.

[0040] FIG. 18 is a diagram for explaining a transfer
device in an EL display-panel manufacturing apparatus of
the present invention.

[0041] FIG. 19 is a diagram for explaining a method of
manufacturing an EL display panel in a fourth embodiment
example of the present invention.

[0042] FIG. 20 is a diagram for explaining the method of
manufacturing an EL display panel in the fourth embodi-
ment example of the present invention.

[0043] FIG. 21 is diagrams for explaining operations in
the manufacture of the EL display panel in the fourth
embodiment example of the present invention.

[0044] FIG. 22 is a sectional structure diagram of an EL
display panel in a fifth embodiment example of the present
invention.

[0045] FIG. 23 is diagrams for explaining operations in
the manufacture of the EL display panel in the fifth embodi-
ment example of the present invention.

[0046] FIG. 24 is a sectional structure diagram of an EL
display panel in a sixth embodiment example of the present
invention.

[0047] FIG. 25 is diagrams for explaining operations in
the manufacture of the EL display panel in the sixth embodi-
ment example of the present invention.

[0048] FIG. 26 is a sectional structure diagram of an EL
display panel in a seventh embodiment example of the
present invention.

[0049] FIG. 27 is diagrams for explaining operations in
the manufacture of the EL display panel in the sixth seventh
embodiment example of the present invention.

[0050] FIG. 28 is sectional structure diagrams of EL
display panels in other embodiment examples of the present
invention.

[0051] FIG. 29 is explanatory views of display devices
utilizing EL display panels of the present invention.
[0052] FIG. 30 is a sectional structure diagram of a
conventional EL display panel.
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[0053] FIG. 31 is diagrams for explaining operations in
the manufacture of a conventional EL display panel.

MODES FOR CARRYING OUT THE
INVENTION

[0054] In the present specification and drawings, constitu-
ent elements that exhibit the same or similar functions are
labeled with the same or similar reference marks. Also, there
are instances where description that would be redundant
among the different embodiment examples is omitted.
[0055] Inthe description of an embodiment example in the
present specification, the explanation will center on items of
distinction over, or points that differ from, the other embodi-
ment examples. Itens that have been set forth in an embodi-
ment example of the present invention can be applied to the
other embodiment examples that are given in the present
specification. They also can be combined with the other
embodiment examples given in the present specification.
[0056] In EL display panels and display devices of the
present invention, red pixels 37R, green pixels 37G, and
blue pixels 37B are arranged in the form of a matrix in a
display screen 36. EL display panels and EL display devices
of the present invention are not, however, limited to imple-
mentations in which the pixels are arranged in the form of
a matrix. As long as its display screen 36 has a plurality of
color sections, an implementation comes under the technical
category of the present invention. For example, the display
panel may have yellow pixels 37Y and blue pixels 37B
patterned in a matrix. Further, the implementations are not
limited to having display panels in which the pixels are
arranged in matrix form; they may have an EL display panel
that displays predetermined letters/characters and shapes. It
is sufficient that the EL display panel have a display unit for
a first color and a first display unit for a second color.
[0057] In addition, since in the present invention the
light-emitting-layer material etc. is reformed by a portion of
the display region being irradiated with a laser beam or the
like, an EL display panel or the like having light-emitting
regions and reformed, non-light-emitting regions also comes
under the technical category of the present invention.
[0058] With EL-display-panel manufacturing apparatuses
or manufacturing methods of the present invention, as long
as “reforming” is the directing of light onto a portion of the
built EL elements 22 and the light-emitting layer 17 to
“reform” the locations that are irradiated with the light, the
technical concepts of the present invention may be applied
to any panel structure and geometry. That the technical
concepts may also be applied to, e.g., an EL display panel
having a monochrome text display is a matter of course.
[0059] While the present invention is described as being
that after a light-emitting layer 17 is formed by vapor
deposition and associated operations, the light-emitting
layer 17 is irradiated with a laser beam, etc. to “reform” the
light-emitting layer 17, the present invention is not thereby
limited. For example, the light-emitting layer 17 may be
irradiated with a laser beam, etc. to “reform” the light-
emitting layer 17 even as the EL elements 22 and the
light-emitting layer 17 are being formed through vapor
deposition and associated operations.

[0060] The irradiation of the light-emitting layers 17 with
the laser beam 59 is implemented in a vacuum. It should be
understood that the process may be implemented under a
nitrogen or argon atmosphere containing 20 ppm or more to
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200 ppm or less oxygen. Implementing the reforming within
from 20 or more to 200 or less ppm oxygen renders the
reforming time shorter-term.

[0061] FIG. 2 is a structural diagram of an EL display
panel, and equivalent circuit diagrams for pixels, of the
present invention. Red pixels 37R, green pixels 37G, and
blue pixels 37B are arranged in matrix form in the display
screen 36.

[0062] Pixel electrodes 15R and reflective films 12R are
formed in or arranged on the red pixels 37R; pixel electrodes
15G and reflective films 12G are formed in or arranged on
the green pixels 37G; and pixel electrodes 15B and reflective
films 12B are formed in or arranged on the blue pixels 37B.
[0063] FIG. 2A is the structural diagram of an EL display
panel of the present invention, and FIGS. 2B and 2C are the
equivalent circuit diagrams for the pixels 37. FIG. 2B is an
equivalent circuit diagram for cases where the transistors 21
constituting the pixels 37 consist of p-channel transistors.
FIG. 2C is an equivalent circuit diagram for cases where the
transistors 21 constituting the pixels 37 consist of n-channel
transistors. Both n-channel transistors and p-channel tran-
sistors may be utilized to constitute the pixels 37.

[0064] In the pixels 37, thin-film transistors (TFTs) 21a
and 215, a capacitor 23, and an EL element 22 are formed.
Switching transistor 21a functions as a switching element
that supplies to the gate terminal of driving transistor 215 a
video signal that the source driver circuit 32 outputs. The
driving transistor 215 functions as a driving transistor that
supplies current to the EL element 22.

[0065] In each pixel 37 the gate terminal of the switching
transistor 21a is connected to a gate-signal line 34, and the
source terminal and the drain terminal of the switching
transistor 21 are connected to a source-signal line 35 and to
the gate terminal of the driving transistor 215.

[0066] The source terminal and the drain terminal of the
driving transistor 215 are connected to an electrode to which
an anode voltage Vdd is applied and to the anode terminal
of the EL element 22.

[0067] The anode terminal of the EL element 22 is con-
nected to the drain terminal and to the source terminal of the
driving transistor 215, and the cathode terminal of the EL
element 22 is connected to a cathode electrode 19 to which
a cathode voltage Vss is applied.

[0068] While in the present specification, the driving
transistors 215 and the switching transistors 2la are
described as being thin-film transistors, they are not limited
to being thin-film transistors and may be transistors formed
on a silicon wafer. The transistors 21 may be FETs, MOS-
FETs, MOS transistors, or bipolar transistors.

[0069] The anode electrodes (pixel electrodes) 15 consti-
tuting the EL elements 22 as illustrated in FIG. 1 are formed
of ITO as a transparent electrode. Reflective films 12 are
formed on the underlayer of the pixel electrodes 15. The
capacitors 23 may be formed with the reflective films 12 and
the pixel electrodes 15 being the electrodes. It is not nec-
essary that the reflective film 12 be an electrode, as long as
it is a film that reflects light. For example, a reflective film
consisting of a multilayer membrane as with dichroic mir-
rors serves to illustrate.

[0070] Varying the film thickness of insulating films 14 in
the red, green, and blue pixels 37 makes it possible to vary
the storage capacitances C in the red, green, and blue pixels
37.
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[0071] 1t should be noted that the pixel electrodes 15 are
not limited to being transparent electrodes, and may be
formed of aluminum, silver, or other metallic material. In
that case, the pixel electrodes 15 are rendered reflective
films. Also, the reflective films 12 and the pixel electrodes 15
may be formed by lamination.

[0072] While the present specification has it that insulating
films 14 are formed between the pixel electrodes 15 and the
reflective films 12, this is not limiting. As long as it behaves
like a light-permeable substance, 14 may be any material. It
may for example possess electrical conductivity.

[0073] The pixel electrodes 15R correspond to the pixels
37R in FIG. 2; likewise, the pixel electrodes 15G correspond
to the pixels 37G, and the pixel electrodes 15B correspond
to the pixels 37B.

[0074] The technical concepts behind the manufacturing
apparatuses, manufacturing methods, EL display panels, etc.
of the present invention are also applicable to bottom-
emitting EL elements 22 rendered without reflective films
12, but with the cathodes 19 as reflecting membranes, and
such that light is extracted only from the lower-electrode
side.

[0075] The TFT substrate 52 is a glass baseplate on which
the transistors 21, the pixel electrodes 15, and associated
constituents are formed. It should be understood that in some
implementations instead of a glass baseplate, the substrate
consists of a synthetic resin. It may be, for example, a
substrate formed of a polyimide resin. It may also be a
substrate onto the planar surface of which a varnish has been
coated and hardened. It may likewise be a substrate con-
sisting of a metallic material or a ceramic material.

[0076] Tt should be understood that while in the present
specification, an example in which the light-emitting layers
17 etc. are formed on a TFT substrate 52 is described to
illustrate, the present invention is not limited to EL display
panels utilizing a TFT substrate 52. They may be, for
example, simple-matrix EL display panels in which TFTs are
not formed, or a text-displaying EL display panels that
display fixed letters/characters.

[0077] FIG. 1 is a sectional configuration diagram of an
EL display panel of the present invention. The pixels 37
made up of the transistors 21 etc. are formed atop the TFT
substrate 52, and over them, a planarizing film 28 made
from, as one example, a photosensitive resin is provided.
The reflective films 12 may be formed on the underlayer of
the planarizing film 28 or may be formed above the pla-
narizing film 28.

[0078] The red pixel electrodes 15R, green pixel elec-
trodes 15G, and blue pixel electrodes 15B are created by
forming a transparent conductive film consisting of ITO or
170 atop the planarizing film 28 and patterning the trans-
parent conductive film. The pixel electrodes 15 are made
electrically conductive with one of the terminals of the
driving transistors 215 through contact holes (not illustrated)
in the planarizing film 28.

[0079] The insulating films 14 formed on the underlayer of
each pixel electrode 15 have a film thickness that is for
adjusting the optical distance L of the EL elements. The
present invention is a configuration in which in the insulat-
ing films 14 on the underlayers of the pixel electrodes 15 for
a plurality of colors, the film thicknesses of any of the
insulating films 14 are made dissimilar.

[0080] Optical distance is also referred to as “optical path
length.” It is the distance (physical distance) actually that
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light advances, multiplied by the refractive index. It should
be noted that since there are not significant discrepancies in
the refractive indices of the substances in each layer con-
stituting the EL elements for each color, for each EL element
of a given color the optical distance [. and the physical
distance are proportional to each other. Therefore, the opti-
cal distance I may be replaced with or read by the physical
distance.

[0081] The present invention is a configuration in which in
an EL display panel that emits a plurality of colors, a
plurality of light-emitting layers is formed on the EL ele-
ments for at least one color, distinguishing them from the
light-emitting layers 17 in the EL elements for the other
colors, and the optical distances [ are made dissimilar. The
present invention also is a configuration in which in an EL
display panel that emits a plurality of colors, the optical
distance L for the EL elements for at least one color is made
to differ from the optical distances L. for the EL elements for
the other colors.

[0082] The principal wavelength A, nm at which the
light-emitting layers 17R (first light-emitting layers) emit
light is longer compared to the principal wavelength A, nm
at which the light-emitting layer 17G (second light-emitting
layer) emits light. The principal wavelength A, is longer
compared to the principal wavelength A; nm at which the
light-emitting layer 17B (third light-emitting layer) emits
light. One example has the color of the light-emitting layer
17R emission be red, the color of the light-emitting layer
17G emission be green, and the color of the light-emitting
layer 17B emission be blue.

[0083] In the embodiment example illustrated in FIG. 1, a
light-emitting layer 17R, a light-emitting layer 17G, and a
light-emitting layer 17B are formed onto the red pixel
electrodes 15R. The distance L1 between the reflective film
12R and the cathode electrode 19R is the optical distance of
the red EL elements 22. A light-emitting layer 17G and a
light-emitting layer 17B are formed onto the green pixel
electrodes 15G. The distance 1.2 between the reflective film
12G and the cathode electrode 19G is the optical distance of
the green EL elements 22. A light-emitting layer 17G and a
light-emitting layer 17B are formed onto the blue pixel
electrodes 15B. The distance L3 between the reflective film
12B and the cathode electrode 19 is the optical distance of
the blue EL elements 22.

[0084] A light-emitting layer 17R, a light-emitting layer
17G, and a light-emitting layer 17B are formed in common
above the red pixel electrodes 15R, the green pixel elec-
trodes 15G, and the blue pixel electrodes 15B. The light-
emitting layer 17R is formed in common and as a continuous
film in pixels for a plurality of colors (red pixels 37R, green
pixels 37G, and blue pixels 37B). In the same way, the
light-emitting layer 17G is formed in common and as a
continuous film in the pixels for a plurality of colors, and the
light-emitting layer 17B is formed in common and as a
continuous film in the pixels for a plurality of colors. A
vapor-deposition coarse mask (not illustrated) is employed
to form a light-emitting layer 17R, a light-emitting layer
17G, and a light-emitting layer 17B over the entire display
screen 36. Here, the vapor-deposition coarse mask is a mask
having an opening for the display screen 36, while not
having openings for the pixel units.

[0085] Red wavelengths are the longest wavelengths; blue
wavelengths are the shortest wavelengths; green wave-
lengths are intermediate between the wavelengths of reds
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and blues. Accordingly, the optimum optical distances L
with the colors are: optical distance L1 for reds>optical
distance 1.2 for greens>optical distance 1.3 for blues. The
interference order number, nevertheless, with the reds, the
greens, and the blues are rendered an identical order number.
[0086] In EL display panels of the present invention,
permeable metal films (MgAg) 19 are formed on the elec-
trodes on the light-extraction side, and reflection films 12 are
formed on the reverse side from the light-extraction side.
Silver (Ag), a highly reflective metal, is utilized for the
reflective films. Further, satisfying L=(2 m (¢/n))x(A/4) with
respect to the optical distance L concentrates in a frontward
orientation light of wavelength A whose extraction is
desired. Therein, ¢ is the phase shift [rad] in the reflective
film at reflection; the interference order number m is 0 or a
positive integer, and when m=0, the optical distance L
assumes the minimum positive value that satisfies the for-
mula; and A is the emission wavelength.

[0087] For the interference order number m either 0 or 1
is selected. Implementations where the interference order
number is 0 allow the thickness of the film constituting the
EL elements to be thin, reducing the amount of organic
material used, and allowing changeover to lower cost to be
realized. What is more, chromatic shift depending on the
view-angle direction is not liable to occur.

[0088] Hole-transport layers 16 are formed on the pixel
electrodes 15. Hole injection layers (HILs; not illustrated)
may be formed between the pixel electrodes 15 and the
hole-transport layers 16.

[0089] The film thickness of the hole-transport layers 16
on the pixel electrodes 15 may be made to differ among the
red, green, and blue pixels 37. For example, a hole-transport
layer 16R is formed atop the pixel electrodes 15R, a hole-
transport layer 16G is formed atop the pixel electrodes 15G,
a hole-transport layer 16B is formed atop the pixel elec-
trodes 15B, and the film thicknesses of the respective
hole-transport layers 16 are made to differ.

[0090] In an EL display panel according to the first
embodiment of the present invention, as indicated in FIG. 1,
a red light-emitting layer 17R, a green light-emitting layer
17G, and a blue light-emitting layer 17B are formed over the
pixel electrodes 15.

[0091] The “reformed” light-emitting layers 17—for
example, the light-emitting layer 17R and the light-emitting
layer 17G—include mixtures of host materials and guest
materials. In the light-emitting layer 17R and the light-
emitting layer 17G at least either the host materials or the
guest materials differ, and the emission colors differ from
each other.

[0092] The absorption spectrum of the guest material that
the light-emitting layer 17R contains at least partially over-
laps the emission spectrum of the light-emitting layer 17G.
The absorption spectrum of the guest material that the
light-emitting layer 17G contain at least partially overlaps
the emission spectrum of the light-emitting layer 17B.
[0093] In FIG. 1, the light-emitting layer 17R above the
pixel electrodes 15G and the pixel electrodes 15B is
reformed. Meanwhile, the light-emitting layer 17G above
the pixel electrodes 15B is also reformed.

[0094] The light-emitting layer 17R above the pixel elec-
trodes 15R in FIG. 1 emits in a red color. The light-emitting
layer 17R above the pixel electrodes 15G and the pixel
electrodes 15B does not emit light. The light-emitting layer
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17G above the pixel electrodes 15G emits in a green color.
The light-emitting layer 17G above the pixel electrodes 15B
does not emit light.

[0095] The light-emitting layer 17R above the pixel elec-
trodes 15R in FIG. 1 contains light-emitting guest material
at a concentration that is higher compared to the light-
emitting layer 17R above the pixel electrodes 15G and the
pixel electrodes 15B.

[0096] The bulk of the guest material that the light-
emitting layer 17R above the pixel electrodes 15R in FIG. 1
includes is capable of emitting light, while most of the guest
material that the light-emitting layer 17R above the pixel
electrodes 15G and the pixel electrodes 15B include is
quenched or does not undergo excitation. Alternatively, at
least one of either the hole mobility or the hole-injection
efficiency of the light-emitting layer 17R above the pixel
electrodes 15R is lesser compared to the light-emitting layer
17R above the pixel electrodes 15G and the pixel electrodes
15B.

[0097] The light-emitting layer 17G above the pixel elec-
trodes 15R and the pixel electrodes 15G contains light-
emitting guest material at a concentration that is higher
compared to the light-emitting layer 17G above the pixel
electrodes 15B. Most of the guest material in the light-
emitting layer 17G above the pixel electrodes 15B is
quenched or does not undergo excitation.

[0098] Alternatively, the electrical properties of the light-
emitting layer 17G above the pixel electrodes 15R and the
pixel electrodes 15G differs from those of the light-emitting
layer 17G above the pixel electrodes 15B. At least one of
either the hole mobility or the hole-injection efficiency of the
light-emitting layer 17G above the pixel electrodes 15R and
the pixel electrodes 15G is lesser compared to the light-
emitting layer 17G above the pixel electrodes 15B.

[0099] The bulk of the guest material that the light-
emitting layer 17G above the pixel electrodes 15R and the
pixel electrodes 15G includes is capable of emitting light,
while most of the light-emitting-layer 17G guest material
that the light-emitting layer 17G above the pixel electrodes
15B includes is quenched or does not undergo excitation.
[0100] At least one of either the light-emitting-layer 17R
hole mobility or hole-injection efficiency of the light-emit-
ting layer 17R above the pixel electrodes 15G and the pixel
electrodes 15B is greater compared to the light-emitting
layer 17R above the pixel electrodes 15R. At least one of
either the light-emitting-layer 17G hole mobility or hole-
injection efficiency of the light-emitting layer 17G above the
pixel electrodes 15B is greater compared to the light-
emitting layer 17G above the pixel electrodes 15R and the
pixel electrodes 15G.

[0101] While in the present specification, an example
where an EL display panel having EL elements 22 of a
structure in which over pixel electrodes 15, hole-transport
layers 16, light-emitting layers 17, and electron-transport
layers 18 are formed, and cathode electrodes 19 as common
electrodes are formed is described to illustrate, this is not
limiting. The EL display panel may have FL elements 22 of
inverse structure in which electron-transport layers 18, light-
emitting layers 17, and hole-transport layers 16 are formed
above the pixel electrodes 15, and the cathode electrode 19
as a common electrode is built on.

[0102] For implementations whose EL elements 22 are of
inverse structure, in the drawings, and in the present speci-
fication and the description it makes, of the present inven-
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tion, hole-transport layers would necessarily be replaced
with electron-transport layers. And hole-injection layers
would necessarily be replaced with electron-injection layers.
[0103] For implementations where the EL elements 22 are
of inverse structure, in the structural section views of, and in
the views for explaining methods of manufacturing, EL
display panels of the present invention in FIG. 1, FIG. 10,
FIG. 14, FIG. 15, FIG. 16, FIG. 17, FIG. 19, FIG. 21, FIG.
22, FIG. 23, FIG. 24, FIG. 25, FIG. 26, FIG. 27, FIG. 28,
etc., the views would necessarily be switched the electron-
transport layer 18 for the hole-transport layers 16, and the
hole-transport layers 16 for the electron-transport layers 18.
[0104] The light-emitting layer 17R above the pixel elec-
trodes 15G and the pixel electrodes 15B is, according to
manufacturing methods of the present invention, irradiated
with laser light 59 in the ultraviolet region, the violet region,
or the blue region. It is principally the guest material in the
light-emitting layer 17R that absorbs the laser light 59.
[0105] Ultraviolet rays are electromagnetic waves that,
being invisible optical rays, are of wavelength from 10 nm
to 400 nm, that is. shorter than visible light and longer than
soft X-rays. Infrared rays are electromagnetic waves whose
wavelength is longer (whose frequency is lower) than the
reds among visible light rays, and that are of shorter wave-
length than radio waves.

[0106] By the light-emitting layer 17R absorbing laser
light 59, covalently bonded chains in the layers’ guest
material are severed. Severing the covalently bonded chains
in a vapor-deposition chamber 56 free of oxygen leads to the
radicals in the covalently bonded chains creating double
bonds. Meanwhile, atoms in other of the covalently bonded
chains drop out and bond together. Or they create a cross-
linked structure with the other of the covalently bonded
chains, producing a change in structure. Further, severing of
the covalently bonded chains transforms the material into
another substance. Accordingly, the HOMO and LUMO
electric potentials of the guest material in the light-emitting
layer 17R are changed, such that guest material in the
light-emitting layer 17R having been irradiated with a laser
beam 59 no longer emits light.

[0107] The laser beam 59 has narrow directivity and
satisfactory rectilinearity. Light-emitting layers 17 in a pre-
determined pixel 37 can therefore be selected and irradiated
with the laser beam 59. In EL display panels including those
of the present invention, pixels 37 of identical color are
arrayed vertically (from the top toward the bottom of the
screen) as illustrated in FIG. 7 etc. While the material of the
light-emitting layers 17 is deposited also between neighbor-
ing pixel electrodes 15, source signal lines 35, among other
features, are formed between neighboring pixel electrodes
15. Furthermore, a predetermined spacing exists between
neighboring pixels 37. Accordingly, even if the size of the
laser-beam 59 laser spot 91 is large, irradiating of the
light-emitting layers 17 in sideways-neighboring pixels is
nonexistent.

[0108] Controlling a mirror galvanometer 62 allows the
direction along which the laser beam 59 is scanned to be
controlled with high speed and accuracy. Further, the laser
device 58 is disposed outside the vapor-deposition chamber
56, therefore facilitating maintenance. The laser beam 59 is
generated outside the vapor-deposition chamber 56, and the
generated laser light 59 is optically guided into the vacuum
inside the vapor-deposition chamber 56 through a laser
window 63. Accordingly, the vacuum state inside the vapor-
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deposition chamber 56 may be maintained optimally. It
should be noted that the laser device 58 may be disposed
within the vapor-deposition chamber 56.

[0109] Shorter wavelengths of the irradiating beam raise
the rate of optical absorption into the material. Since the spot
diameter can be narrowed down to near the diffraction limit,
a laser beam 59 whose light wavelength is shorter allows
thermal impact on the surroundings when the material is
processed to be lessened, suiting it to minute processing
work, to enable processing work on ultrahigh-definition EL
display panels.

[0110] In addition, by scanning the area interior of a single
pixel electrode 15 with the laser beam 59, the light-emitting
layers 17 etc. can be favorably reformed, coinciding with the
geometry of the pixel electrode 15.

[0111] The laser device 58 is preferably a device whose
mode of operation is continuous-wave. With a pulsed-mode
laser device 58, on the other hand, the pulse energy of the
laser beam is intense. In implementations where pixels that
are irradiated with the laser beam 59 are arranged discretely,
as with EL display panels in which the pixels are arranged
in matrix form, it is preferable to utilize a pulsed-mode laser
device 58.

[0112] Since the laser light 59 output from a pulsed-mode
laser device 58 is on/off controlled with a Q switch, irregu-
larities in pulse intensity are liable to occur. Consequently,
reforming the light-emitting layers 17 etc. by irradiating the
locations being reformed with a plurality of laser pulses is
desirable.

[0113] In implementations with a pulsed laser, the same
location is irradiated with a plurality of pulses. Irradiating
the same location with a plurality of pulses averages the
energy of the laser light 59 with which that same location is
irradiated, making the condition of the reforming uniform.
Here, the lasing interval between laser pulses preferably is
from at least 50 nsec to not more than 5 psec. In addition, the
lasing interval between laser pulses preferably is such that
the first of the laser pulses puts the light-emitting layer 17 in
a semi-dissolved state, and that with the subsequent laser
pulse, the light-emitting layer 17 is laser-pulse irradiated
before turning solid.

[0114] In implementations with a continuous wave laser,
the same location is irradiated with the laser beam a plurality
of times. Irradiating the same location with the laser beam
59 a plurality of times averages the energy of the laser light
with which that same location is irradiated, making the
condition of the reforming uniform. Here, the lasing interval
of the laser beam 59 preferably is from at least 50 nsec to not
more than 5 pec. In addition, the lasing interval of the laser
beam 59 preferably is such that the first-time irradiating by
the laser beam 59 puts the light-emitting layer 17 in a
semi-dissolved state, and that the subsequent irradiating by
the laser beam 59 is executed before the light-emitting layer
17 tums solid.

[0115] For the laser device 58, a laser device as one
example that can be employed is the laser lift-off (LLO)
apparatus commodified by Optopia Co., Ltd. The laser-
device laser wavelength in the laser lift-off apparatus is 343
nm, and the line beam length is 750 mm. The line width is
30 the energy density is 250 mJ/cm?, and the pulse width is
15 ns. Accordingly, even with largescale EL display panels,
down a one-pixel column (from the upper edge to the lower
edge of the screen) the laser beam 59 can be directed onto
the one-pixel column with a single laser spot 91. A pulse
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width for the laser beam 59 of from at least 10 nsec to not
more than 80 nsec is appropriate.

[0116] Illustrative as other examples of the laser device 58
are devices utilizing solid-state lasers whose wavelength is
355 nm, and devices utilizing 308-nm excimer lasers.
[0117] EL display-device manufacturing methods of the
present invention utilize the laser device 58 to very accu-
rately select the pixels 37 and reform a given light-emitting
layer 17. The light intensity of the laser beam 59 per unit
area is high. Accordingly, the light-emitting layers 17 etc.
can be reformed in a brief time period.

[0118] With the present invention, at least in the opera-
tional step of forming a light-emitting layer 17 for a single
color, a vapor-deposition fine mask 251 as with conventional
manufacturing methods is not employed. Therefore, the
problem of color adulteration in the emission color due to
misregistration of the vapor-deposition fine mask 251 does
not arise. What is more, the cost of the deposition manu-
facturing apparatus may be reduced. Since no vapor-depo-
sition fine mask 251 is employed, vapor-deposition fine
mask 251 positioning is not necessary, making it possible to
curtail manufacturing Takt time.

[0119] With the present invention, irradiating by the laser
beam 59 produces a change in the combinatorial state of the
guest material and host material in the light-emitting layers
17. Light of wavelength in the ultraviolet region is prefer-
ably used for the laser beam 59.

[0120] Manufacturing methods as well as manufacturing
apparatuses of the present invention laser the film layers and
the light-emitting layers 17 etc. constituting the EL elements
22 with a laser or other energy beam to reform the layers.
[0121] Accordingly, the EL elements 22 and the light-
emitting layers 17 that the laser light 59 has irradiated are
quenched, or are rendered non-emitting, or else are rendered
practically non-emitting.

[0122] Recombining of electrons and holes is, in the pixels
37R, caused to occur in the light-emitting layer 17R pri-
marily. In the pixels 37G, recombining of electrons and
holes is caused to occur in the light-emitting layer 17G
primarily. In the pixels 37B, it is caused to occur in the
light-emitting layer 17B primarily.

[0123] In an EL display panel according to the first
embodiment example of the present invention, in the pixels
37R, while recombining of electrons and holes occurs in the
light-emitting layer 17R primarily, there is a possibility that
recombining arises in the light-emitting layers 17G and 17B
also. That is, there is a possibility that in the pixel electrodes
15R, the light-emitting layers 17R, 17G, and 17B each emit
light.

[0124] In the pixels 37R, the guest material that the
light-emitting layer 17R includes absorbs the energy by
which the light-emitting layer 17G and the light-emitting
layer 17B undergo excitation and emits light. The guest
material that the light-emitting layer 17G includes under-
goes excitation from absorbing the light that the light-
emitting layer 17B gives off, but does not, for the most part,
undergo excitation from absorbing the light that the light-
emitting layer 17R gives off. Further, the guest material that
the light-emitting layer 17B includes for the most part does
not absorb the energy by which the light-emitting layers 17R
or 17G undergo excitation, nor thereby emit light.

[0125] In the pixels 37R, at least a portion out of the
excitation energy that the light-emitting layer 17B gives off
is converted into light having the emission spectrum of the
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guest material that the light-emitting layer 17R includes. At
least a portion of the energy by which the light-emitting
layer 17G undergoes excitation is converted into light hav-
ing the emission spectrum of the guest material that the
light-emitting layer 17R includes. Accordingly, with the
emission color of the pixels 37R being approximately equal
to the emission color of the light-emitting layer 17R, the
pixels 37R give off red light.

[0126] In the pixels 37G, while recombining of electrons
and holes occurs in the light-emitting layer 17G primarily,
there is a possibility that recombining arises in the light-
emitting layers 17R and 17B also. From having been irra-
diated with the laser beam 59, the light-emitting layer 17R
above the pixel electrodes 15G do not contain the optically
emitting guest material.

[0127] Since the light-emitting layer 17R in the pixels 37G
does not contain the optically emitting guest material, no
color conversion occurs in the light-emitting layer 17R. In
the light-emitting layer 17B, the aforementioned color con-
version is produced. Accordingly, with the emission color of
the pixel electrodes 15G being approximately equal to the
emission color of the light-emitting layer 17G, the pixel
electrodes 15G give off green light.

[0128] In the pixels 37B, while recombining of electrons
and holes occurs in the light-emitting layer 17B primarily,
there is a possibility that recombining arises in the light-
emitting layers 17R and 17G also. Nevertheless, from hav-
ing been irradiated with the laser beam 59, the light-emitting
layers 17R and 17G above the pixel electrodes 15B do not
contain the optically emitting guest material, consequently
only the light-emitting layer 17B emits light.

[0129] Since the light-emitting layer 17R and the light-
emitting layer 17G in the pixels 37B do not contain the
optically emitting guest material, no color conversion occurs
in the light-emitting layers 17R and 17G. Accordingly, with
the emission color of the pixels 37B being approximately
equal to the emission color of the light-emitting layer 17B,
the pixel electrodes 15B give off blue light.

[0130] As indicated by the FIG. 3A graph, for the host
material, a material that does not readily absorb the laser
light 59 is selected, while for the guest material, one that
does readily absorb the laser light 59 is. Alternatively, a
wavelength that the host material does not readily absorb,
yet that the guest (dopant) material does readily absorb is
selected for the wavelength of the laser light 59.

[0131] Preferably, the host material and the guest material
are selected to be in a relationship in which, as graphed in
FIG. 3A, when the absorptivity of the guest material is at
least 75%, the absorptivity of the host material is not greater
than 25%. It should be noted that in FIG. 3, the optical
absorptances (%) of the guest materials and the host material
are normalized and graphed with the optical absorptance
when maximum being 100%.

[0132] In FIG. 3A, guest material A is an example of a
material having the property that its absorptivity (%)
increases at wavelengths of 400 nm or less, and having an
absorptivity of at least 75% at the wavelength of the laser
beam 59. Guest material B is an example of a material
having an ideal absorptivity at, and in the proximity of, the
wavelength of the laser light 59.

[0133] The laser-light wavelength, and the guest material
and the host material are selected so that at the wavelength
of the laser light 59, the optical absorptivity of the guest
material and the optical absorptivity of the host material are
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in a relationship where the one is at least three times the
other, preferably in a relationship where the one is at least
four times the other.

[0134] Forexample, given a guest-material optical absorp-
tivity of 75% and a host-material optical absorptivity of 25%
with laser light 59, then 75%/25%=3 times. Given a guest-
material optical absorptivity of 50% and a host-material
optical absorptivity of 10% with laser light 59, then 50%/
10%=5 times.

[0135] It should be understood that the features explana-
torily illustrated by FIG. 3 are of course also applicable in
other embodiment examples of the present invention.
[0136] For the wavelength of the laser beam 59, the optical
absorptivity (%) of the hole-transport layer must also be
taken into consideration. The light-emitting layers 17 are
formed over the hole-transport layers 16, and the light-
emitting layers 17 are irradiated with the laser beam 59. In
some instances, during that process the hole-transport layer
16 may be irradiated with laser light 59 having permeated
the light-emitting layers 17. The hole-transport layer 16
absorbing laser light 59 can lead to the possibility of the
hole-transport layer 16 undergoing a change in properties.
[0137] Accordingly, as indicated in the FIG. 3B graph, for
the hole-transport layer 16 material, preferably a hole-
transport layer 16 material is selected so that there will be
the sort of relationship as with the host material where, when
the laser-light 59 optical absorptivity of the guest material is
at least 75%, the laser-light 59 optical absorptivity of the
host material is not greater than 25%.

[0138] The present invention is not limited to configura-
tions in which the light-emitting layers 17 are formed from
a guest material and a host material. In some implementa-
tions, the light-emitting layers 17 are formed by a single
material. In implementations where the light-emitting layers
17 are formed by a single material, that single material is
reformed.

[0139] A technical concept behind the present invention
would be irradiating the organic films forming the EL
elements 22 with a laser beam 59 or the like to reform the
light-emitting layers 17 etc. Doing so requires a relationship
between the laser-light 59 optical absorptivities of the light-
emitting layers 17 and of the hole-transport layer material.
That is, as indicated in the FIG. 3B graph, the wavelength of
the laser light 59 necessitates a relationship between the
optical absorptivity (%) of the hole-transport layer and the
optical absorptivity (%) of the light-emitting layers 17.
[0140] Accordingly, it is preferable to select a hole-trans-
port layer material so that there will be a relationship where,
as graphed in FIG. 3B, when the laser-light 59 optical
absorptivity of the material in the light-emitting layers 17 is
at least 75%, the laser-light 59 optical absorptivity of the
hole-transport layer material is not greater than 25%.
[0141] In FIG. 3B, light-emitting layer material A is an
example of a material having the property that its absorp-
tivity (%) increases at wavelengths of 400 nm or less, and
having an absorptivity of at least 75% at the wavelength of
the laser beam 59. Light-emitting layer material B is an
example of a material having an ideal absorptivity at, and in
the proximity of, the wavelength of the laser light 59. For the
hole-transport layer material, that makes the optical absorp-
tivity at the wavelength of the laser beam 59 not greater than
25%.

[0142] The foregoing gives the material that constitutes
the light-emitting layers 17 and the material that constitutes
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the hole-transport layers a difference in optical absorptivity
of 75%/25%=3 times or more at the wavelength of the
reforming beam (laser light 59 or the like). It is preferable
that the difference in optical absorptivity be 4 times or more.
[0143] The laser light wavelength, the light-emitting layer
material, and the hole-transport layer material are selected so
that at the wavelength of the laser beam 59, the relationship
between the optical absorptivity of the light-emitting layers
17 and the optical absorptivity of the hole-transport layers
will be three times or greater.

[0144] Forexample, given a light-emitting layer 17 optical
absorptivity of 75% and hole-transport-layer material opti-
cal absorptivity of 25% with laser light 59, then 75%/25%=3
times. Given a light-emitting layer 17 optical absorptivity of
50% and a hole-transport layer optical absorptivity of 10%
with laser light 59, then 50%/10%=5 times.

[0145] In the embodiment of FIG. 1, as far as the light-
emitting layers above the pixel electrodes 15R are con-
cerned, the red light-emitting layer 17R emits red light. The
green light-emitting layer 17G and the blue light-emitting
layer 17B do not emit light. The red light-emitting layer 17R
is “emitting,” the green light-emitting layer 17G 1is
“quenched,” and the blue light-emitting layer 17B is
“quenched.”

[0146] As far as the light-emitting layers above the pixel
electrodes 15G are concerned, the green light-emitting layer
17G emits green light. The red light-emitting layer 17R and
the blue light-emitting layer 17B do not emit light. The red
light-emitting layer 17R is “quenched,” the green light-
emitting layer 17G is “emitting,” and the blue light-emitting
layer 17B is “quenched.”

[0147] As far as the light-emitting layers above the pixel
electrodes 15B are concerned, the blue light-emitting layer
17B emits blue light. The red light-emitting layer 17R and
the blue light-emitting layer 17B do not emit light. The red
light-emitting layer 17R is “quenched,” the green light-
emitting layer 17G is “quenched,” and the blue light-
emitting layer 17B is “emitting.”

[0148] For the hole-transport layers 16, which function to
transport holes to the light-emitting layers 17, so that exci-
tation energy does not travel from the light-emitting layers
17 because the hole-transport layers are in contact with the
light-emitting layers, and further does not interact with other
layers to form an exciplex, a material having an energy band
gap larger than that of the light-emitting layers 17 is utilized.
Tllustrative of such materials are, e.g., TPD, a-NPD, NBP,
and TCTA.

[0149] The hole injection layer has a HOMO level
between the HOMO level of the hole-transport layer 16 and
the work function of the anode, and functions to lower the
injection barrier to tunneling from the anode to the organic
layer.

[0150] Electron-transport layers 18 are formed over the
light-emitting layers 17. Electron-injection layers (EILs; not
depicted) may be formed between the electron-transport
layers 18 and the cathode electrodes 19. The types of
electron-transport layer 18 may be made distinct among the
red pixels 37R, the green pixels 37G, and the blue pixels
37B.

[0151] The electron-transport layers 18 possess function-
ality for injecting and transporting electrons from the cath-
ode electrodes (cathodes) 19. As with the hole-transport
layer 16, a material having a wide band gap is likewise
preferable. As materials for the electron-transport layer 18,
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tris(8-hydroxyquinolinato)aluminum (Alq3), or derivatives
or metallic coordination complexes thereof may be cited as
examples.

[0152] The light-emitting layers 17 are regions where
when a voltage is applied to the pixel electrodes (anodes) 15
and the cathode electrodes (cathodes) 19, holes injected
from the anode side and electrons injected from the cathode
side recombine. Specifically, the light-emitting layers may
be constituted by single layers composed of one type or two
or more types of these light-emitting materials, or may be a
laminate of light-emitting layers composed of a chemical
compound of a type different from that or those of the
single-layer light-emitting layers.

[0153] In instances where the EL elements 22 form a
resonator structure, the emission light, having caused mul-
tiplex interference between the light-reflecting surface of the
cathodes 19 and the light-reflecting surface of the reflecting
films 12, constituted to be semitransparent/semi-reflective,
is extracted from the cathode 19 side. The optical distance L
between the light-reflecting surface of the reflecting films 12
and the light-reflecting surfaces on the cathode 19 side is
defined by the wavelength of light whose extraction is
desired, with the film thickness and interference conditions
for each layer being determined so as to satisfy this optical
distance L.

[0154] In the FIG. 1 embodiment example, the insulating
films 14 in the red pixels 37R, the green pixels 37G, and the
blue pixels 37B are adjusted so as to create optical distances
L in the red pixels 37R, the green pixels 37G, and the blue
pixels 37B whereby optical cavity effects are maximally
exhibited. Nevertheless, the present invention is not thereby
limited.

[0155] FIG. 28A is an embodiment example in which the
interference order number in the red (R) pixels and the green
(G) pixels are created at the zeroth order, and the interfer-
ence order number in the blue (B) pixels at the first order.
[0156] The film thicknesses of the insulating films 14 are
formed differentiating by red (R) pixels and green (G)
pixels. Further, the hole-transport layers (HIL) in the blue
(B) pixels are formed thicker. The hole-transport layers are
not formed by a single-cycle deposition, but are formed by
a plural-cycle depositions. Also, the hole-transport layers
formed by plural-cycle depositions may be created with
differing hole-transport layer materials.

[0157] The cavity-effect exhibiting optical distances L the
are made proportional to the emission wavelengths. Red
wavelengths are longer than green wavelengths, and green
wavelengths are longer than blue wavelengths. Accordingly,
given that the interference order numbers are identical, the
red optical distance L1 is longer than the green optical
distance [.2, and the green optical distance [.2 is longer than
the blue optical distance 13.

[0158] The film thickness of the EL elements 22 is on the
order of 100 nm. Given that the interference order number
is the zeroth order, the film thickness of the blue pixels 37B
will be thinnest. A thin optical distance L is liable to give rise
to defects due to dust and the like during manufacturing.
Consequently, compared with the red pixels 37R, the occur-
rence of defects in the blue pixels 37B is frequent, such that
EL display-panel yields are degraded by defects in the blue
pixels 37B.

[0159] In the manner of the embodiment example of FIG.
28A, by having the interference order number for the blue
pixels 37B be the first order and making the film thickness
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of the EL elements 22 thicker than those of the pixels of the
other colors, EL display-panel yields may be improved.
What is more, in the red (R) pixels, the green (G) pixels, and
the blue (B) pixels, since optimum optical distances L
corresponding to the emission wavelengths may be realized,
optical cavity effects may be exhibited, realizing ideal color
reproducibility.

[0160] It should be noted that with FIG. 28A, while the
interference order number for the blue (B) pixels among the
three colors is rendered the first order, the present invention
is not thereby limited, and as in FIG. 28B, the interference
order numbers for the red (R) pixels, the green (G) pixels,
and the blue (B) pixels all together may be made the first
order. Furthermore, configurations differentiating film thick-
nesses in the red (R) pixels, the green (G) pixels, and the
blue (B) pixels are not limited to a film layer in common to
each; in the red (R) pixels it may be the transport layer
(HTL); in the green (G) pixels it may be the light-emitting
layer (EML); and in the blue (B) pixels it may be the
insulating film 14B.

[0161] Further, the interference order number in the red
(R) pixels, the green (G) pixels, and the blue (B) pixels may
be the same, as indicated in FIG. 28C, and the optical
distance [ may be adjusted with a film layer in common
among them. FIG. 28C is an embodiment example in which
the interference order number for the red (R) pixels, the
green (G) pixels, and the blue (B) pixels is made in common
the zeroth order, and in which the insulating films in the red
(R) pixels, the green (G) pixels, and the blue (B) pixels are
differentiated to realize optimal optical cavity effects, real-
izing ideal color reproducibility. The blue (B) pixels may
adequately lack an insulating film. The reflective films 12B
and the pixel electrodes 15B are stacked together.

[0162] Further, it will be understood that, as indicated in
FIG. 28D, the interference order numbers in the red (R)
pixels, the green (G) pixels, and the blue (B) pixels may be
differentiated, with the interference order number in a plu-
rality of the colors being the first order. The red (R) pixels
have an interference order number that is the zeroth order,
and the green (G) pixels and blue (B) pixels have an
interference order number that is the first order. In the green
(G) pixels, the light-emitting layer 17G is formed thicker,
and in the blue (B) pixels, the insulating films 14B are
formed thicker.

[0163] Banks (sidewalls) 95 are formed on the perimeter
of the pixel electrodes 15. The banks 95 are created with the
objective, primarily, of preventing the vapor-deposition fine
masks 251 from coming into contact with the pixel elec-
trodes 15 and like features when the vapor-deposition fine
masks 251 are set into place, and of preventing the light-
emitting layers 17 between neighboring pixels from becom-
ing intermixed.

[0164] It should be understood that, as is the case with the
present invention, not employing vapor-deposition fine
masks 251—given that the light-emitting layers 17 are
reformed by being irradiated with the laser beam 59 or other
narrow-directivity beam, given that no color adulteration
between pixels arises, or given that color adulteration
between pixels may be prevented or kept under control, etc.
etc.—means that as indicated in FIGS. 26 and 27, banks 95
need not be created.

[0165] It should be noted that the manufacturing appara-
tuses, manufacturing methods, EL display panels etc., of the
present invention have been describing, as an illustrative
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example, a top-emitting type EL panel in which reflective
films 12 are formed, and light generated in the light-emitting
layers 17 is extracted through the transparent cathode-
electrode 19 side. The present invention is not thereby
limited, however, and may be applied to a bottom-emitting
EL display panel rendered to have the cathodes 19 be
reflective films, so that light is extracted only from the lower
electrode side.

[0166] FIG. 4 is a configurational diagram and an explana-
tory diagram of a vapor deposition apparatus for an EL
display-panel manufacturing apparatus of the present inven-
tion. An EL display-panel deposition apparatus of the pres-
ent invention has a deposition chamber 56 furnished with a
metal evaporation source 65 and an organic evaporation
source 66. The deposition chamber 56 is furnished with a
sliding stage 51 for retaining the TFT substrate 52, a
temperature-adjusting plate 53 for retaining the TFT sub-
strate 52 at or adjusting it to a predetermined temperature, a
vacuum pump (vacuum exhaust device) 54, and an exhaust
duct 55 that ties the vacuum pump 54 and the vapor-
deposition chamber 56.

[0167] In a film-forming tool 116 (referring to FIG. 11),
the vacuum levels in the vapor-deposition chamber 56, a
transfer device chamber 117, and a laser device chamber 118
preferably are kept down to a level of at least 1x10' Pa
vacuum. More preferably, maintaining the chambers at
vacuum level of at least 1x10' Pa is favorable.

[0168] Under a high vacuum, due to the phenomenon that
boiling points drop, the boiling point (sublimation point) is
lowered, but the energy whereby the CC bonds and other
chemical bonds constituting organic molecules dissociate/
break down is not affected. Given these facts, even with
organic materials that in the air do not break down and
cannot sublimate (vaporize), film formation is made possible
by heating the materials in a high-vacuum situation where
oxygen has been eliminated, to sublimate them readily and
build thin films onto substrates.

[0169] What is more, because the vapor-deposited organic
material is in a high-vacuum situation where oxygen has
been eliminated, irradiating it with a laser beam yet pro-
motes the necessary chemical change in the organic mate-
rial. Accordingly, despite the irradiating with a laser beam,
there is no encroachment of oxidation reactions that would
lead to carbonization.

[0170] So that organic materials of two kinds may be made
into films by codeposition, a plurality of vapor-deposition
power sources and film-thickness gauges for the host mate-
rial and for the guest material are installed.

[0171] As to the laser beam 59 that the laser device 58 has
generated, the intensity of the laser beam 59 is adjusted with
an optical density filter 60, as indicated in FIG. 4. For the
laser light 59 that reforms the light-emitting layers 17,
primarily a laser beam 59 in the ultraviolet wavelength
region is adopted.

[0172] The features relating to the laser device 58,
explanatorily illustrated by FIG. 4 etc., may be applied as a
device, explanatorily illustrated by FIG. 20, for removing
deposits 201 or a device for reforming deposits 201.
[0173] As the optical density filter 60, a variable attenu-
ator employing a polarizing beam splitter illustrates an
example. The transmittance (reflectance) is changed by
rotating a V2 wave plate that is in front of the polarizing
beam splitter.
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[0174] The laser beam 59 that the laser device 58 gener-
ates is shaped with a cylindrical lens 61 to be rectangular or
elliptical as required. The beam is also shaped with a slit
mask to be roughly rectangular or circular to match it
approximately to the pixel geometry.

[0175] The laser light 59, with its intensity having been
adjusted by the optical density filter 60, is incident on the
mirror galvanometer 62. The mirror galvanometer 62 scans
the laser beam 59 over an Xy two-dimensional area (the TFT
substrate 52 or a donor film 197). In the mirror galvanometer
62, a couple of motors (rotary encoders) that scan the laser
beam 59 in the x- and y-axis directions are employed.
[0176] The laser beam 359 enters the vapor-deposition
chamber 56 through a laser window 63 disposed in the
vapor-deposition chamber 56. The laser beam 59 is shone
onto the TFT substrate 52 in a high-vacuum state. The laser
window 63 is formed of quartz glass.

[0177] The laser device 58 is disposed within the atmo-
sphere external to the vapor-deposition chamber 56, where
the laser beam 59 is introduced through the laser window 63
into the vacuum within the vapor-deposition chamber 56.
Accordingly, operation and maintenance of the laser device
58 are facilitated.

[0178] An B (f-theta) lens 64 is deployed as a lens for
focusing the laser beam 59 onto the TFT substrate 52. By the
reforming of the lens-surface curvature of the {0 lens 64, the
lens is designed so that the scanning speed will be constant
along the lens periphery and in its center.

[0179] The direction of the laser beam 59 generated by the
laser device 58 is varied by the mirror galvanometer 62, and
through the {8 lens 64, the laser beam is cast onto the surface
of the TFT substrate 52 or the donor film 197.

[0180] As indicated in FIG. 5, the position of the {0 lens
64 is changed along the interval from 0 lens 64« to {0 lens
64b as required. By the position of the {8 lens 64 being
changed, the focus position of the laser beam 59 may be
varied. Likewise, the position of the sliding stage 51 is
changed along the interval from sliding stage 51 to sliding
stage 51b. By the position of the sliding stage 51 being
changed, the focus position of the laser beam 59 may be
varied. Changing the focus position allows the lasing cov-
erage by the laser beam 59 and the size of laser spot 91 to
be varied.

[0181] FIGS. 5 and 6 are explanatory diagrams for
describing a method for reforming the light-emitting layer
17 etc. by means of the laser device 58. As illustrated in FIG.
6, an apparatus for carrying out reforming includes a beam
detection device 77 and a beam control device 78.

[0182] The laser device 58 generates a laser beam 59. The
laser beam 59 is incident on a beam-splitting mirror 72b. The
beam-splitting mirror 726 functions like a half-silvered
mirror, for monitoring the intensity of the laser light 59
generated by the laser device 58. The beam-splitting mirror
72b reflects a predetermined proportion of the laser light
from the laser beam 59.

[0183] The laser light 595 reflected by the beam-splitting
mirror 725 is reflected by a mirror 735, concentrated by a
lens 74¢, and incident on an optical amplifier circuit 764.
[0184] FIG. 6B is a circuit diagram of the optical amplifier
circuit 76. The optical amplifier circuit 76 includes a pho-
todiode (PD), an operational amplifier 81, resistors R, a
capacitor C, and associated components. In the optical
amplifier circuit 76, the laser light 595 is photoelectrically
converted by the photodiode (PD). The laser light having
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been photoelectrically converted is amplified and turned into
an analog signal voltage V2. The analog signal voltage V2
is converted into a digital signal by an A/D conversion
circuit 805, which is input into a laser control circuit 79.
[0185] The laser control circuit 79, detecting the relative
strength of the laser beam 59, feedback-controls the laser
device 58 so that the beam strength will be a predetermined
intensity setting or within a predetermined intensity range.
The feedback control conditions the intensity of the laser
beam 59 to be within a predetermined settings range.
[0186] Laser light 59a from the laser device 58 penetrates
the beam-splitting mirror 726 and a beam-splitting mirror
72a, is guided into the vapor-deposition chamber 56 through
the laser window 63 in the vapor-deposition chamber 56,
and strikes the light-emitting layer 17 that is the object of the
reforming process.

[0187] The beam-splitting mirror 72a functions as a spec-
trally selective mirror. A multilayer optical film is formed on
the front side of the beam-splitting mirror 72¢ and has the
functions of transmitting wavelengths in a given band as
well as reflecting wavelengths in a given band. The beam-
splitting mirror 72a transmits the laser light 59a and reflects
fluorescent/phosphorescent-wavelength light 71 from exci-
tation in the light-emitting layer 17.

[0188] The fluorescent/phosphorescent-spectrum light 71
is concentrated by a lens 74a, its direction is bent by a mirror
73a, and it is concentrated by a lens 745. An optical filter 75
transmits only wavelengths within a fixed range among
those of the concentrated light 71. The optical filter 75 is
employed to undergo excitation and detect the optical inten-
sity of the generated wavelengths within a predetermined
band range.

[0189] The fluorescent/phosphorescent light 71 transmit-
ted through the optical filter 75 impinges on the optical
amplifier circuit 764. Via the photodiode (PD), the optical
amplifier circuit 76a photoelectrically converts the light 71.
The photoelectrically converted radiant energy 71 is ampli-
fied and made into an analog signal voltage V. The analog
signal voltage V, is converted into a digital signal by an A/D
conversion circuit 80a and input into the laser control circuit
79.

[0190] The laser control circuit 79 detects the relative
strength of the fluorescent- or phosphorescent-spectrum
light 71 and detects whether the light is at a predetermined
intensity setting or within a predetermined intensity range,
and if the light is at the predetermined intensity setting or
within the predetermined intensity range, the laser device 58
changes or shifts the lasing position of the irradiating laser
beam 59q. It also changes the intensity of the laser beam
59a.

[0191] The laser beam 59a is directed onto the deposited
light-emitting layer 17, whereby undergoing excitation, the
light-emitting layer 17 emits fluorescent/phosphorescent
light 71. The laser beam 594 reforms the irradiated light-
emitting layer 17. Reforming the light-emitting layer 17
lowers the intensity of the fluorescence/phosphorescence 71
that the light-emitting layer 17 generates.

[0192] Accordingly, the laser beam 594 dually possesses
the functions of both exciting the light-emitting layer 17 and
reforming the light-emitting layer 17. Especially, because it
is light within the ultraviolet region, the laser beam 59a
readily excites the light-emitting layer 17.

[0193] Because the wavelength of the laser beam 59a is
fixed, it can be readily separated from the wavelengths of the
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generated fluorescence/phosphorescence 71. That means
that the fluorescent/phosphorescent light 71 is easy detected.
Further, the fact that the beam detection device 77 is
equipped with the optical filter 75 and the beam-splitting
mirror 72a, as illustrated in FIG. 6, for separating the
fluorescence/phosphorescence 71 facilitates detection.
[0194] The transmission wavelength of the optical filter 75
is switched to correspond to the wavelength of the fluores-
cence/phosphorescence 71 that the light-emitting layers 17
generates. This 1s because the amplification factor of the
optical amplifier circuit 76a differs with the wavelength/
intensity of the fluorescence/phosphorescence 71 that the
light-emitting layers 17 emit.

[0195] With the light-emitting layers, since the wave-
length/intensity of the fluorescence/phosphorescence 71 that
the light-emitting layer 17R emits, the wavelength/intensity
of the fluorescence/phosphorescence 71 that the light-emit-
ting layer 17G emits, and the wavelength/intensity of the
fluorescence/phosphorescence 71 that the light-emitting
layer 17B emits differ, they are controlled to optimum values
corresponding to the fluorescence/phosphorescence 71 of
each light-emitting layer 17.

[0196] Measuring or detecting the intensity of the fluo-
rescence/phosphorescence 71 allows the status of the
reforming of the light-emitting layer 17 to be grasped. Once
the reforming status has exceeded a predetermined set value,
the reforming of the pixel 37 that is the object of irradiating
by the laser beam 594 is determined to be completed, and the
laser beam 59a is operated to position it onto the next pixel
to be reformed.

[0197] The beam detection device 77 and the beam control
device 78 are attached to the same component. Accordingly,
along with the movement of the lasing position of the laser
beam 59, the beam detection device 77 also moves at the
same time. It will be appreciated, however, that the beam
detection device 77 may be installed inside the vapor
deposition chamber 56, while the beam control device 78
may be installed outside the vapor deposition chamber 56.
[0198] The optical amplifier circuit 76 may be situated at
the rear side of the TFT substrate 52. Laser light 59¢ would
be detected by an optical amplifier circuit 76¢ disposed to
the rear of the TFT substrate 52. Likewise, fluorescence/
phosphorescence 71a would detected by the optical ampli-
fier circuit 76¢ situated along the rear side of the TFT
substrate 52.

[0199] The beam detection device 77 is configured so that
the angle 8 of the lenses 74 that detecting the fluorescence/
phosphorescence 71, as indicated in FIG. 6C, may be
variable. Varying of the angle 8 is conveyed out by a control
device installed outside the vapor deposition chamber 56.
The angle 6 is automatically adjusted to an angle at which
the fluorescence/phosphorescence 71 can be detected most
strongly.

[0200] The positions of the lenses 74a to 74b and the beam
detection devices 77a to 77b are varied or set so that the
intensity of the fluorescence/phosphorescence 71 can be
detected most strongly.

[0201] Itis preferable that the beam detection device 77 be
configured so that it may discriminate not only the intensity
but also the wavelength of the fluorescence/phosphores-
cence 71. For example, the proportion to which the reds’
emission wavelength has changed into greens’ emission
wavelength, or the amount of the change is detected. If it has
changed into greens’ emission wavelength, reds’ emission
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wavelength resultantly is put into a “quenched” state and
may be detected as having become non-emitting.

[0202] Itshould be noted that, distinct from the laser beam
59a shone on the light-emitting layers 17, light for exciting
the light-emitting layers 17 may be separately generated,
and the light-emitting layer 17G may be irradiated with the
light. An example that illustrates is a configuration in which
a laser-beam 59 generation device for fluorescent/phospho-
rescent emission is set up separately, and in which the laser
beam 59 is directed onto the light-emitting layers 17 being
reformed.

[0203] When the intensity of the generated fluorescence/
phosphorescence 71 goes to a predetermined value or less,
the light-emitting layer 17 has been put into a quenched
state. With the layer having been put into a quenched state,
the reforming of the light-emitting layer 17G is determined
to be completed, and the lasing position of the laser beam
59a is shifted to the next pixel. Further, the time necessary
for the reforming is gauged, whereby the intensity of the
laser beam 594 is controlled.

[0204] Monitoring the intensity/wavelength of the fluo-
rescence/phosphorescence 71 with the beam detection
device 77 makes it possible to put the light-emitting layer 17
in the pixel that is the object of the reforming very precisely
into a quenched state. And because monitoring, with the
beam control device 78, the intensity of the laser beam 59
that the laser device 58 outputs makes it possible to put the
intensity of the laser light directed onto the light-emitting
layer 17 at a stabilized, constant setting, the light-emitting
layer 17 in the pixel that is the reform target can be put very
precisely into a quenched state.

[0205] The laser device 58 has the function of generating
light of wavelength from at least 310 nm to not more than
400 nm in the ultraviolet-A (UV-A) proximity, and of
directing the generated light onto a predetermined pixel
electrode 15.

[0206] Thanks to the energy that their photons possess
being large, ultraviolet-ray generating laser devices can
perform photolytic processing in which irradiating materials
(mainly organic substances) that possess areas where the
bonds are weak directly dissociates the molecular bonds. In
photolytic processing, since the energy striking a workpiece
does notheat it, but is used chiefly by the decomposition, the
processed surface is left extremely keen. As laser devices
that generate light having wavelengths in the ultraviolet
region, ultraviolet lasers (frequency-tripled and frequency-
quadrupled YAG lasers), solid-state ultraviolet lasers, and
excimer lasers illustrate some examples.

[0207] The fact that the laser beam 59 can be concentrated
and directed onto the process site makes it possible readily
to reform or vaporize organic material etc. in the process
site. Thanks to the vaporizing of the organic material etc.
being conveyed out within a vacuum, carbonizing of the
organic material is nonexistent, and there is no impact on the
area surrounding the site irradiated with the laser beam.
[0208] The configuration is preferably such that laser
beam 59 may be shone onto the TFT substrate 52 from above
it. Despite the guest material being heated by the laser beam
59 and the heated guest material sublimating, clinging of the
material onto the surrounding area can be kept to a mini-
mum.

[0209] A femtosecond laser device may be utilized for the
laser device 58. A femtosecond laser device, a pulse laser, is
laser device whose pulse width is at the femtosecond level.
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[0210] Laser intensity is expressed by I=E/(S't), wherein E
is the pulse energy, S is the surface area of the beam spot,
and t is the time width of the laser pulse.

[0211] Unlike CO, laser devices and YAG laser devices
employed in ordinary manufacturing processes, femtosec-
ond laser devices are characterized by nonthermal processes.
When a CO, laser beam or a YAG laser beam strikes a
processing-target object, it is worked by the object’s mol-
ecules absorbing the photoenergy and vibrating, and by the
light energy being converted into thermal energy melting
and vaporizing the object. In the case of femtosecond lasers,
manufacturing processes can be done by virtue of a phe-
nomenon called “ablation” in which molecular bonds are
severed by the photoenergy and the molecules are removed
without thermally diffusing to the peripheral regions.
Accordingly, only the location irradiated with the laser beam
59 is reformed, with the periphery not being thermally
influenced or affected.

[0212] The laser-spot size, as indicated by the laser spot
914 in FIG. 7, of the laser beam 59 could be smaller than the
pixel electrodes 15. This is because the entire area of a pixel
electrode 15 can be irradiated with the laser beam 59a by
shifting the laser spot 91a within the pixel electrode 15.

[0213] The distribution of the laser beam 59a intensity is
a Gaussian distribution. If the entirety of the location that is
reformed is irradiated with the laser beam 59, it is preferable
that as graphed in FIG. 7B, the span W, at intensity 63% in
the Gaussian distribution of the laser beam 59a be made the
width of the light-emitting layer 17 to be reformed. More
preferably, the span W2 at intensity 80% in the Gaussian
distribution of the laser light 59a is favorably set to the width
of the light-emitting layer 17 to be reformed.

[0214] Whether the guest material in the light-emitting
layers 17 will be reformed or vaporized may be easily
realized by the laser device 58 generating and controlling the
intensity of the laser beam 59 directed onto the TFT sub-
strate 52. Varying of the laser beam 59a intensity takes place
in the optical density filter 60. Here, the optical density filter
60 preferably is constituted so that the intensity of the laser
beam 59a may be varied in units of the laser beam 39a
pulses.

[0215] Having the laser spots be oval or rectangular so as
to surround the entirety of a pixel electrode(s) 15, as with
915 and 91c¢ in FIG. 7 is advantageous. Making the laser
beam 59a elliptical or rectangular may be realized easily by
employing the cylindrical lens 61. Laser spot 915 is of
geometry whereby a single pixel electrode 15 is irradiated
over its entire range. Laser spot 91¢ is of geometry whereby
a plurality of pixel electrodes 15 is irradiated simultane-
ously.

[0216] Having the laser spot be in stripe form, as with
laser spot 914 in F1G. 7, and irradiating the TFT substrate 52
with line of laser light 59 is also advantageous.

[0217] Thelaser spot 91 from the laser beam 59 is directed
onto a pixel 37 to be reformed, and the position of the laser
spot 91 is shifted to reform the light-emitting-layer guest
material or host material in the pixel 37. Alternatively, the
host material and the guest material that form the light-
emitting layer 17 are vaporized.

[0218] With the horizontal width of the pixels 37 being a
narrow 30 um or less, in some cases directing the laser-beam
59 laser spot 91 onto a pixel 37 irradiates a neighboring
column of pixels 37 with the laser light. In those cases, a slit
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mask 92 as illustrated in FIG. 8 is employed to make it so
that the neighboring pixel columns are not irradiated with
the laser light 59.

[0219] As illustrated in the plan view and the sectional
view of FIGS. 8A and 8B, with the laser spot 91a through
the slit in the slit mask 92, the laser beam 59 is directed onto
the light-emitting layer 17. The laser spot 91a is scanned in
the a-direction, whereby the pixels down the pixel column
are reformed in sequence.

[0220] As illustrated in the plan view and the sectional
view of FIGS. 8C and 8D, with the laser spot 915 through
the slit in the slit mask 92, the laser beam 59 is directed onto
the light-emitting layer 17. The laser spot 91a is scanned in
the b-direction, whereby the pixels down the pixel column
are reformed in sequence.

[0221] As illustrated in the plan view and the sectional
view of FIGS. 8E and 8F, with the rectangular laser spot 91¢
through the slit in the slit mask 92, the laser beam 59 is
directed onto the light-emitting layer 17. The rectangular
laser spot 91c simultaneously lasers the pixels in a single
row of the display screen 36. As to the light-emitting layers
17 in the pixel example that the laser light 59 irradiates, the
light-emitting layers 17 in the pixels of a single row are
simultaneously reformed.

[0222] The slit mask 92 is shifted to accord with the travel
of the laser spot 91, reforming the light-emitting layer 17 in
a predetermined-color pixel in the display screen 36. Alter-
natively, the laser spot 91 is shifted to align with the position
of the hole in the slit mask, to reform the light-emitting layer
17 in a predetermined-color pixel in the display screen 36.

[0223] The slit mask 92 is formed by a thin metal mem-
brane or a synthetic resin film. For this reason, because the
slit mask 92 is situated to correspond to the position of the
pixels 37, it is necessary to place the mask under tension and
retain it in a planar condition.

[0224] As shown in FIG. 9, a transparent substrate 94 on
which is formed a slit-patterned sheet 93 of metal or other
suitable material may be utilized. As the transparent sub-
strate 94, a baseplate that transmits the laser beam 59 or
other light of wavelength in the ultraviolet region is
employed. As the transparent substrate 94, quartz glass,
soda-lime glass, and the like illustrate examples.

[0225] As illustrated in the plan view and the sectional
view of FIGS. 9A and 9B, through the slit openings in the
slit-patterned sheet 93, the laser beam 59 is directed onto the
light-emitting layer 17. The laser beam 59 penetrating the
slit openings is of rectangular form and simultaneously
illuminates the pixels in a single row of the display screen
36. As to the light-emitting layers 17 in the pixel example
that the laser light 59 irradiates, the light-emitting layers 17
in the pixels of a single row are simultaneously reformed

[0226] The EL display-panel manufacturing method of the
present invention in the first embodiment example will be
described. FIG. 10 is a diagram for explaining the EL
display-panel manufacturing method of the present inven-
tion in the first embodiment example. FIG. 11 is also a
diagram for explaining the EL display-panel manufacturing
method of the present invention. As indicated in FIG. 4, in
a manufacturing method of the present invention, the TFT
substrate 52 is set into place in a vacuum state such as in the
vapor deposition chamber 56. Each of the organic films
constituting the EL elements 22 is formed by vapor depo-
sition.
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[0227] 1In FIG. 11, the TFT substrate 52 is conveyed into
the film-forming tool 116 from a convey-in chamber 113.
The film-forming tool 116 interior is maintained in an
ultra-vacuum state. In the middle of the film-forming tool
116 is a central chamber 115, and installed in the central
chamber 115 interior is a transport robot (not illustrated) that
conveys TFTs to compartment chambers 111, as well as
conveys them out of the compartment chambers 111. The
transfer robot conveys the sliding stage 51 with associated
components out from a compartment chamber 111, changes
its direction, and conveys it into a compartment chamber 111
for a subsequent process operation.

[0228] The laser device 58 for reforming the light-emitting
layers 17 etc. is installed inside the laser device chamber
118, wherein the TFT substrate 52 is conveyed into the laser
device chamber 118 via a load-lock (LL) chamber. Follow-
ing formation of the cathode electrodes 19 on the TFT
substrate 52 or following sealing of the substrate with a
sealing membrane 20 and a sealing film 27, the substrate is
conveyed out from a convey-out chamber 114.

[0229] Having been conveyed in from the convey-in
chamber 113, the TFT substrate 52 is conveyed into a
hole-transport-layer 16 deposition chamber (HTL) 111c. In
the compartment chamber 111c, as illustrated in FIGS. 10A
and 11A, the hole-transport layer 16 is formed over the pixel
electrodes 15 on the TFT substrate 52.

[0230] Next, the TFT substrate 52 is conveyed into a
compartment chamber (EML (R)) 111d where emission-
layers (EML) R are deposited. By means of a vapor-
deposition technique, as illustrated in FIG. 10B the light-
emitting layer 17R is laminated onto the hole-transport
layers 16. The light-emitting layer 17R is formed by code-
position of a host material and a red guest material.

[0231] In the manufacturing step of forming the light-
emitting layer 17R, a vapor-deposition fine mask 251R
provided with openings in positions corresponding to the
pixels 37R, as with conventional manufacturing methods, is
not emploved. The light-emitting layer 17R is formed as a
continuous film on the entire display screen 36 by the
employing of a vapor deposition technique. That is, the
light-emitting layer 17R is formed continuously and in
commorn on the pixel electrodes 15R, the pixel electrodes
15G, and the pixel electrodes 15B. For the formation of the
light-emitting layer 17R, a vapor-deposition coarse mask
(not depicted) having an opening for the display screen 36
is employed so that the light-emitting layer 17R will be
vapor-deposited inside the display screen 36.

[0232] In the present-invention embodiment examples of
FIG. 10 etc., in the EL display panel banks 95 are depicted,
but the banks 95 are not necessarily required constituent
elements. The banks 95, formed onto the source signal lines
35, onto the gate signal lines 34, and on the periphery of the
pixel electrodes 15, exhibit an electric-field shielding effect.
The banks formed of a material into which pigments and
dyes that absorb visible light has been added.

[0233] The TFT substrate 52 in the central chamber 115 is
directionally switched around by the transport robot, then is
conveyed into the laser device chamber 118 via the load-
lock chamber 112.

[0234] In the laser device chamber 118, irradiating of the
light-emitting layer 17 on the TFT substrate 52 with the laser
beam 59a 1s carried out, as indicated in FIG. 10B. The laser
beam 59a is directed onto the light-emitting layer 17R where
it is above the pixel electrodes 15G and the pixel electrodes
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15B. The laser beam 59a is not directed onto the light-
emitting layer 17R where it is above the pixel electrodes
15R. Reformed with the lasing portion of the laser beam
59q, the light-emitting layer 17R is made into reformed
sections 96a.

[0235] Absorbing the laser light 59a, the covalently
bonded chains in the guest material in the light-emitting
layer 17R over the pixel electrodes 15G and the pixel
electrodes 15B are severed. In the oxygen-free deposition
chamber 56, when the covalently bonded chains break,
radicals from the covalently bonded chains, creating double
bonds, stripping away and bonding with atoms from other
covalently bonded chains, and otherwise creating cross-
linked structures with other covalently bonded chains, pro-
duce change in structure.

[0236] The guest material in the light-emitting layer 17R
corresponding to the pixel electrodes 15R is not irradiated
with the laser beam 59a. Accordingly. as a light-emitting
guest material its capacity is maintained.

[0237] In exemplary implementations of the present
invention, each organic film by which the EL elements 22
are built is described as being formed by a vapor deposition
technique, but the implementations are not thereby limited.
It will be appreciated that the electron-transport layers 18,
the hole-transport layers 16, and the light-emitting layers 17
etc. may be formed by an inkjet scheme or a printing
scheme. For example, for the light-emitting layer 17, a host
material and a guest material are dissolved in a solvent and
by an inkjet scheme are formed over the pixel electrodes 15
as the light-emitting layer 17. Procedures whereby, as well
as EL display-panel (device) configurations in which, the
light-emitting layer 17R is formed by an inkjet scheme and
the light-emitting layer 17R is reformed by being irradiated
with the laser beam 59 also come under the technical
category of the present invention.

[0238] Further, while the present invention has had it that,
for the sake of facilitating comprehension, the light-emitting
layers 17 are reformed principally by the guest material
absorbing light, it is not thereby limited. Procedures
whereby, as well as EL display-panels (devices) in which,
the light-emitting layer 17 is formed of a solitary organic
film such as Alqs, for example, in which case the solitary
organic film is irradiated with light to reform the solitary
organic film, also come under the technical category of the
present invention. Also, procedures whereby, as well as EL
display-panels (devices) in which, the hole-transport layers
etc. are reformed by being irradiated with the laser beam 59
also come under the technical category of the present
invention.

[0239] The laser beam 359 is ultraviolet light having a
wavelength A of from at least 300 nm to not more than 420
nm. More preferably, the laser beam 59 is ultraviolet light
having a wavelength A of from at least 310 nm to not more
than 400 nm.

[0240] Next, the TFT substrate 52 is conveyed into the
central chamber 115 via the load-lock chamber 112, then
conveyed into the compartment chamber (EML (G)) 1115.
In the compartment chamber 1115, the light-emitting layer
17G is laminated over the light-emitting layer 17R, as
illustrated in FIG. 10C, by a vapor deposition technique.
[0241] In the manufacturing step of depositing the light-
emitting layer 17G, a vapor-deposition fine mask 251R is
not employed. A vapor-deposition coarse mask (not
depicted) is employed to deposit the light-emitting layer
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17G on the display screen 36 in the display panel. Accord-
ingly, the light-emitting layer 17G is formed in common
above the pixel electrodes 15R, the pixel electrodes 15G,
and the pixel electrodes 15B.

[0242] The TFT substrate 52 in the central chamber 115 is
directionally switched around by the transport robot, then is
conveyed into the laser device chamber 118 via the load-
lock chamber 112.

[0243] In the laser device chamber 118, irradiating of the
light-emitting layer 17G on the TFT substrate 52 with the
laser beam 595 is carried out, as indicated in FIG. 10D. The
laser beam 595 is directed onto the light-emitting layer 17G
where it is above the pixel electrodes 15B. The laser beam
595 is not directed onto the light-emitting layer 17G where
it is above the pixel electrodes 15R and the pixel electrodes
15G. Reformed by the lasing portion of the laser beam 595,
the light-emitting layer 17G is made into reformed sections
96b.

[0244] In many cases the excitation energy of the guest
material in the light-emitting layer 17G is greater compared
with that of the guest material in the light-emitting layer
17R. A guest material whose excitation energy is greater can
mean that the wavelengths absorbed will be shorter. In those
cases, for the laser-beam 595 wavelength, a laser beam
whose wavelength is shorter than that of the laser beam 59a
is selected. For example, the laser beam 595 is ultraviolet
light of wavelength A from at least 300 nm to not more than
380 nm. The laser beam 59a is ultraviolet light of wave-
length A from at least 310 nm to not more than 400 nm.
Alternatively, the wavelengths of the laser beam 59a and the
laser beam 595 may be the same, while the per-unit-surface-
area intensities of the laser beam 594 and the laser beam 595
are made to differ.

[0245] Absorbing the laser light 594, the light-emitting
layer 17G where it is above the pixels 37B (pixel electrodes
15B) is reformed. The light-emitting layer 17G where it is
above the pixels 37B (pixel electrodes 15B) is made into
reformed sections 965. Consequently, having been reformed
the guest material in the light-emitting layer 17G may not
undergo excitation. The light-emitting layer 17G behaves as
a host material.

[0246] The light-emitting layer 17R above the pixel elec-
trodes 15G is set forth as being reformed sections 96a, while
the light-emitting layer 17G above the pixel electrodes 15B
is set forth as being reformed sections 965. The reformed
sections 96a and the reformed sections 965 differ in their
guest and associated materials and frequently differ physi-
cally or in terms of physical properties. Nevertheless, it
often happens that the physical properties of the reformed
sections 964 and of the reformed sections 964 are the same
or are similar. Accordingly, the reformed sections 96a and
the reformed sections 966 may be assumed to be the same
and be “reformed sections 96.”

[0247] The TFT substrate 52 is conveyed into the com-
partment chamber (EML (B) ETL) 111e, as illustrated in
FIG. 11A, via the central chamber 115. The light-emitting
layer 17B, as illustrated in FIG. 10F, is laminated over the
light-emitting layer 17G. As to the deposition of the light-
emitting layer 17B material, a host material and a blue-light-
emitting guest material within a vacuum are co-deposited
and laminated onto the light-emitting layer 17G by vacuum
vapor deposition.

[0248] In the manufacturing step of vacuum vapor-depos-
iting the light-emitting layer 17B, a vapor-deposition fine
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mask 251R is not employed. A vapor-deposition coarse
mask (not depicted) is employed to deposit the light-emit-
ting layer 17B on the entirety of the display screen 36 in the
display panel. Accordingly, the light-emitting layer 17B is
formed in common above the pixel electrodes 15R, the pixel
electrodes 15G, and the pixel electrodes 15B.

[0249] Next, an electron-transport layer 18 as represented
in FIG. 10F is formed over the light-emitting layer 17B,
following which LiF or Liq or the like as an electron
injection membrane is built on, and a cathode electrode 19
is laminated onto the electron-transport layer 18. For the
cathode electrode 19, aluminum, silver, a silver-magnesium
(MgAg) alloy, calcium, or the like is utilized.

[0250] The cathode electrode 19 is laminated over the
light-emitting layer 17B by, for example, vacuum vapor
deposition. In the vacuum vapor deposition, a vapor-depo-
sition coarse mask is used so that the cathode-electrode
material will be deposited in the display area of the EL
display panel. A cathode electrode 19 is thereby formed as
a continuous film over the entire display area.

[0251] Next, after the cathode electrode (cathode) 19 as
illustrated in FIG. 10F has been formed, a sealing membrane
20 is built on to an extent that will not exert an influence on
the groundwork, by a film forming method in which the
energy of the film-forming particles is small—e.g., physical
vapor deposition or CVD.

[0252] For example, in cases where a sealing membrane
20 made from amorphous silicon nitride is built on, it is
formed to a film thickness of 2 to 3 um by CVD. Therein,
in order to prevent degradation in luminance due to dete-
rioration of the organic layer, the film forming temperature
is set to within a range of from Celsius 15° C. to 25° C., near
normal temperatures.

[0253] Also, the sealing membrane 20 may be rendered by
building on SiON or the like by CVD, and thereafter
building on an acrylic or epoxy organic material or the like.
Preferably a moisture-proofing measure is taken by pasting
a sealing film 27 onto the sealing membrane 20. Next, the
TFT substrate 52 and a sealing substrate are glued together
with a sealing layer intervening so that the EL display
elements are encompassed by the TFT substrate 52, the
sealing substrate, and the sealing layer.

[0254] Alternatively, the TFT substrate 52 is sealed by
thin-film sealing technology. With thin-film sealing technol-
ogy, extremely thin inorganic membranes and organic mem-
branes are formed laminated in multiple layers onto the TFT
substrate 52. A multilayer structure is imparted in which
inorganic membranes (ordinary thickness less than 1 pum)
and organic membranes (ordinary thickness 6 wum and
above) are overlaid in alternation. The inorganic membranes
protect the EL elements 22 chiefly by preventing intrusion of
oxygen and moisture.

[0255] The TFT substrate 25 is conveyed out from the
film-forming tool 116 via the convey-out chamber 114. It
should be noted that in order to have the display contrast be
excellent, a circularly polarizing plate (circularly polarizing
film) 29 is pasted on or otherwise arranged on the light-
exiting side of the EL display panel.

[0256] With the embodiment example of FIG. 10, it was
explained that a laser device for generating a laser beam 59a
and a laser device 58 for generating a laser beam 595 are set
up, but the present invention is not thereby limited. The laser
beam 594 and the laser beam 595 may be generated by a
single laser device 58 that generates a variable-wavelength
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beam. And it will be appreciated that a plurality of laser
devices 58 that generate laser light either as laser beam 594
or laser beam 595 may be set up. The wavelengths of the
laser beam 594 and the laser beam 595 may be made to
differ.

[0257] In the foregoing embodiment example, it was
explained that after the light-emitting layer 17 is formed, the
laser beam 59 is directed on it to reform the light-emitting
layer 17, but the present invention is not thereby limited. For
example, while the light-emitting layer 17 is being formed
by vapor deposition, the laser beam 59 may be directed on
it to reform or remove the light-emitting layer 17.

[0258] In an EL display panel of the present invention,
pixels 37 for a plurality of colors are arranged in matrix
form. In the EL display panel, on pixels for at least one color,
alight-emitting layer 17a for a first color is layered, and atop
it a light-emitting layer 175 for a second color is layered.
The emission wavelength from the first-color light-emitting
layer 17a is longer than the emission wavelength from the
second-color light-emitting layer 175. The guest material in
the first-color light-emitting layer 17a absorbs the energy
whereby the second-color light-emitting layer 1756 under-
goes excitation, and emits light.

[0259] InanEL display panel of the present invention, the
light-emitting layer 17a for the first color is layered on pixels
for at least one color, and atop it the light-emitting layer 176
for the second color is layered. The laser beam 59 or other
beam having narrow directivity is directed onto the light-
emitting layer 17 of the first color to reform the first-color
light-emitting layer 17a and render it a non-emitting layer.
The light-emitting layer 176 of the second color is light-
emitting.

[0260] In a case where, for example, a bilaminar light-
emitting lamina being the red light-emitting layer 17R and
the green light-emitting layer 17G has been laminated over
the pixel electrodes 15, by reforming the red light-emitting
layer 17R, the red light-emitting layer 17R does not emit
light; the green light-emitting layer 17G alone emits light,
and the pixels 37 having the aforesaid pixel electrodes 15
emit green light.

[0261] The present invention is not limited by EL display
panels in which pixels 37 for a plurality of colors are
arranged in matrix form. In display panels of the present
invention, a section that emits light in a plurality of locations
is formed in a display unit or else a display screen 36,
wherein a plurality of light-emitting layers 17 is laminated
on the light-emitting section. The light-emitting section is
characterized in that, without a vapor-deposition fine mask
251 etc. being employed, a laser beam 59 or other beam of
narrow directivity is directed onto the light-emitting layers
17 of longer wavelength among the plurality of light-
emitting layers 17, whereby the longer wavelength light-
emitting layers 17 are reformed.

[0262] With manufacturing methods and manufacturing
apparatuses of the present invention, during the formation of
at least any of the light-emitting layers 17 in order to build
the light-emitting layer 17R, the light-emitting layer 17G,
and the light-emitting layer 17B, no vapor-deposition fine
mask 251 is employed. In the present invention, in order to
form a light-emitting layer 17R, light-emitting layer 17G, or
light-emitting layer 17B that emits light, at least any one of
the light-emitting layers 17 is irradiated with the laser beam
59 or other ultraviolet beam of narrow directivity.
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[0263] For control of the lasing position of the laser beam
59, positioning with a high level of precisions can be carried
out by means of the mirror galvanometer 62 or a sliding
stage (linear stage or the like). Further, the positioning can
be easily set to correspond to the position of a pixel 37 on
the TFT substrate 52. Accordingly, EL display panels in
which the form of the pixels 37, the arrangement of the
pixels 37, or the number of the pixels 37 differ can be readily
manufactured by changing the product variety. What is
more, the equipment cost of the manufacturing apparatus is
extraordinarily inexpensive.

[0264] Inconventional manufacturing schemes employing
vapor-deposition fine masks 251, in cases where the pixels
37 are high-definition, the fact that the deposition openings
(mask apertures) in the vapor-deposition fine mask 251 are
smaller means that fabricating the vapor deposition openings
in the vapor-deposition fine mask 251 is arduous. A further
issue has been that positioning the vapor-deposition fine
mask 251 to accord with the positions of the pixels 37 in the
EL display panel is challenging. Still further, vapor-deposi-
tion fine masks 251 employed in the manufacture of large
EL display panels for televisions are large in surface area
and heavy in weight. A consequent issue has been that the
transport robot that positions the vapor-deposition fine
masks 251 is also large-scale.

[0265] In manufacturing schemes and manufacturing
apparatuses of the present invention, the emission colors of
the light-emitting layers 17 is determined by irradiating the
pixels 37 with the laser beam 59. With ultraviolet-wave-
length laser beams 59, spot sizes of 10 wm or less diameter
are realizable. Further, such laser beams 59 may be posi-
tioned at high speed by mirror-galvanometer 62 control. And
even with the EL display-panel dimensions being wide-area,
by mirror-galvanometer 62 control or by shifting of the
sliding stage 51 etc., the laser beam 59 may be positioned at
high speed into any site on the EL display panel, from its
periphery to its midportion. What is more, since only control
of the laser beam 59, not positioning of the vapor-deposition
fine mask 251, is required, manufacturing facilities are
inexpensive and manufacturing Takt time can be shortened.

[0266] Through the foregoing features, with the manufac-
turing schemes of the present invention, EL display panels
can be manufactured at low cost even with the pixels 37
being high-definition and the EL display-panel dimensions
being wide-area. What is more, outstanding display grade
and high manufacturing yield may be realized.

[0267] The embodiment illustrated with FIGS. 1 and 10
was an example in which the light-emitting layers 17 are
irradiated with a laser beam 59 to reform the light-emitting
layers 17. Nevertheless, the present invention is not thereby
limited.

[0268] A light-emitting layer 17 continuing over neigh-
boring pixels 37 may be formed, and by irradiating the
light-emitting layer 17 in those pixels 37 with the laser beam
59, light-emitting layer 17 there may be removed.

[0269] For example, in FIG. 10B, on the TFT substrate 52
the light-emitting layer 17R is laminated onto the hole-
transport layer 16. The light-emitting layer 17R is formed as
a light-emitting layer 17R continuing over the red pixels
37R, the green pixels 37G, and the blue pixels 37B. Next,
the laser beam 59¢ is directed onto the light-emitting layer
17R above the green pixel electrodes 15G and the blue pixel
electrodes 15B. The irradiating by the laser beam 59a
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superheats the light-emitting layer 17R, vaporizing it. By
being vaporized, the light-emitting layer 17R is removed.

[0270] Further, as indicated in FIG. 10D, the light-emit-
ting layer 17G above the blue pixel electrodes 15B is
irradiated with the laser beam 595. By being irradiated with
the laser beam 596, the light-emitting layer 17G absorbs the
laser light 595 and is thereby superheated and vaporized. By
being vaporized, the light-emitting layer 17G is removed
from atop the hole-transport layer 16.

[0271] By means of the foregoing manufacturing steps,
three light-emitting layers, the light-emitting layer 17R, the
light-emitting layer 17G, and the light-emitting layer 17G,
are laminated over the red pixel electrodes 15R. Two light-
emitting layers, the light-emitting layer 17G and the light-
emitting layer 17G, are laminated over the green pixel
electrodes 15G. The light-emitting layer 17G is laminated
over the blue pixel electrodes 15B.

[0272] It should be noted that in the manufacturing step of
FIG. 10B, although the light-emitting layer 17R is removed
by being vaporized, in some cases a portion of the light-
emitting layer 17R may be left remaining. Because light-
emitting layer 17R remaining is reformed by the laser beam
59a, however, it does not contribute to optical emission. In
the manufacturing step of FIG. 10D, although the light-
emitting layer 17G is removed by being vaporized, in some
cases a portion of the light-emitting layer 17G may be left
remaining. Because light-emitting layer 17G remaining is
reformed by the laser beam 595, however, it does not
contribute to optical emission.

[0273] Inthe pixels 37R, at least a portion of the excitation
energy that the light-emitting layer 17B releases is converted
into light having the emission spectrum of the guest material
that the light-emitting layer 17R contains. At least a portion
of the energy whereby by the light-emitting layer 17G is
excited is converted into light having the emission spectrum
of the guest material that the light-emitting layer 17R
contains. Accordingly, with the emission color of the pixels
37R being about equal to the emission color of the light-
emitting layer 17R, the pixels 37R give off red light.

[0274] In the pixels 37G, recombination of electrons and
holes occurs mainly in the light-emitting layer 17G, but
there is a possibility that the recombining emits light in the
light-emitting layer 17B. At least a portion of the excitation
energy that the light-emitting layer 17B releases is converted
into light having the emission spectrum of the guest material
that the light-emitting layer 17G contains. Accordingly, with
the emission color of the pixel electrodes 15G being about
equal to the emission color of the light-emitting layer 17G,
the pixel electrodes 15G give off green light.

[0275] In the pixels 37B, recombination of electrons and
holes occurs mainly in the light-emitting layer 17B. Because
the light-emitting layers 17 for the other colors have been
removed, the pixels 37B give off blue light.

[0276] Accordingly, by the ablating of the light-emitting
layers 17 with the laser beams 59, EL display panels having
the three primary colors red, green and blue may be manu-
factured.

[0277] In the foregoing embodiment example, a descrip-
tion has been made with the laser device 58 being utilized to
reform the light-emitting layers 17. Nevertheless, the present
invention is not thereby limited. For example, an LED
(light-emitting diode) that generates ultraviolet light may be
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used as the reforming beam. Because their light-emitting
elements are tiny, LEDs can generate narrow-directivity
beams.

[0278] FIG. 12 is a diagram for explaining an optical
generator using LEDs 122. FIG. 13, meanwhile, is a diagram
for explaining a method of reforming a light-emitting layer
17 utilizing the optical generator of FIG. 12.

[0279] For the substrate 123 of the optical generator, a
metal plate or a ceramic plate is employed as a base element
in order to dissipate the heat that the LEDs 122 generate. A
heat-dissipating plate (not depicted) is attached to the back
side of the substrate.

[0280] LEDs 122 that generate ultraviolet light are
attached to the substrate 123. The dimensions (vertical
length c, horizontal length b) of the light-emitting sections
of the LEDs 122 are approximately matched to the dimen-
sions of the pixel 37 areas that undergo reforming. Alterna-
tively, the dimensions (vertical length ¢, horizontal length b)
of the light-emitting sections are made smaller than the
dimensions of the pixel 37 areas that undergo reforming.
[0281] Further, the generator may be a configuration in
which lenses (not depicted) or the like are arranged in front
of the light emitting sections of the LEDs 122 so that the
approximate entirety of the pixels 37 may be irradiated with
the ultraviolet light that the LEDs 122 generate. The LEDs
122 emitting light allows the light-emitting layers 17 formed
above the pixel electrodes 15 in pixels 37 of a predetermined
color to be reformed.

[0282] The LED 122 surface-mounting position e along
the vertical orientation is matched to the pitch of the pixels
37. The LED 122 surface-mounting position d along the
horizontal orientation is approximately matched to the col-
umn pitch of the pixels 37. An alternative is to have the LED
122 vertical surface-mounting position e and the LED 122
horizontal surface-mounting position d be n times the pixel
pitch (n: a positive number 1 or greater).

[0283] The length f along which the LEDs are mounted is
the length from the first row to the last pixel row on the EL
display panel. Accordingly, the number of LEDs mounted
down the length f matches the number of pixel rows on the
EL display panel. An alternative is to make the length f be
1/n (n: a positive number 1 or greater) of the length from the
first row to the last pixel row on the EL display panel.
[0284] In FIG. 12, for ease of illustration, the surface-
mounting columns for the LEDs 122 are rendered as two
lines, but the present invention is not thereby limited. For
example, the LED 122 surface-mounting columns may be
made three or more lines. The number of LED 122 surface-
mounting columns or surface-mounting rows may be the
number of pixel columns or pixel rows on the display panel.
Such implementations eliminate the necessity of, as indi-
cated in FIG. 13, shifting the optical generator in the
direction a. The optical generator should be positioned on
the EL display panel and the LEDs 122 caused to emit light.
[0285] The wavelengths of the light generated by LEDs
1224 and LEDs 1225 as illustrated in FIG. 12 may be made
to differ. For example, the optical generator may be config-
ured to cause the LEDs 122¢ to generate light whose
principal wavelength is that of the laser beam 594, and to
cause the LED 1226 to generate light whose principal
wavelength is that of the laser light 594, explanatorily
illustrated by FIG. 10.

[0286] FIG. 12B is a section view along the line a-a' in
FIG. 12A. A light-absorbing element 121 for absorbing

Apr. 9,2020

ultraviolet light that the LEDs 122 have generated is formed
surrounding the LEDs 122. The LEDs 122a generate ultra-
violet light 141a, and the LEDs 1225 generate ultraviolet
light 1415. As the light absorbing element 121 an example
in which carbon has been added to an acrylic or epoxy resin
is illustrative.

[0287] As illustrated in FIGS. 13A and 13B, the optical
generator is arranged so as to coincide with the position of
the pixel electrodes 15 on the TFT substrate 52. And by
shifting the optical generator by a pixel-column or pixel-row
pitch, and in the position into which the LEDs 122 have been
shifted, causing them to emit light, the light-emitting layers
17 in the pixels 37 are reformed.

[0288] Ininstances where a pair of pixel columns or a pair
of pixel rows are reformed simultaneously, both the LEDs
122a and the LEDs 1225 emit light. In instances where a
single pixel column or a single pixel row is reformed, either
the LEDs 122a or the LEDs 1225 emit light.

[0289] As given in the foregoing, with the present inven-
tion, the light-generating means for generating ultraviolet
light 59 is not limited to the laser device 58. As long as it is
a light-generating means whereby beams of light in and near
the ultraviolet range may be radiated in correspondence with
the pixel 37 positions without a vapor-deposition fine mask
251 intervening, it may be any means. And it will be
appreciated that by having the light-generating means be a
means for generating infrared light, it may find application
as a light-generating source 58 for the thermal transfer
device of FI1G. 18 and related figures.

[0290] It will be appreciated that by having the optical-
generator LEDs 122 be infrared light-emitting LEDs, they
may be employed as the light-generating source 58 for the
thermal transfer device illustrated in FIG. 18, FIG. 19 and
FIG. 20. Likewise as with FIG. 13, a donor film 197 should
be arranged between the TFT substrate 52 and the optical
generator, wherein a transfer organic film 195 in the donor
film 197 is superheated by the light that the infrared-emitting
LEDs of the optical-generator generates, forming the light-
emitting layer 17.

[0291] By having the LEDs 1224 in the optical generator
illustrated in FIG. 12A be infrared light-emitting LEDs and
having the LEDs 1225 be ultraviolet light-emitting LEDs,
the optical generator may be configured as a dual-use device
both for reforming and for thermal transferring the constitu-
ent material of the light-emitting layers 17. What is more,
the device can be used as an optical generator, explanatorily
illustrated by FIG. 20, for removing deposits 201.

[0292] The light that the LEDs 122 generate has a fixed
band of wavelengths rather than a single wavelength as with
laser light. Accordingly, the generating of ultraviolet light
whose dominant wavelength is from 310 nm to 400 nm is
adopted for the light that the LEDs 122 produce.

[0293] While referring to the drawings, a description of a
second embodiment example of the present invention will be
made in the following. FIGS. 14 and 15 are a sectional
configuration diagram of, and a diagram for explaining a
method of manufacturing, an EL display panel in the second
embodiment of the present invention.

[0294] In FIG. 14, a light-emitting layer (EML (R)) 17R
and a light-emitting layer (EML (GB)) 17GB are formed
above the red pixel electrodes 15R. A light-emitting layer
(EML (R)) 17R and a light-emitting layer (EML (GB))
17GB are formed above the green pixel electrodes 15G and
the blue pixel electrodes 15B.
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[0295] The light-emitting layer (EML (GB)) 17GB con-
tains a blue guest material and a green guest material. The
wavelengths of the light that the blue guest material and the
green guest material absorb differ.

[0296] Above the green pixel electrodes 15G, the light-
emitting layer (EML (R)) 17R is reformed by being irradi-
ated with laser beam 59a. Likewise, the blue guest material
in the light-emitting layer (EML (GB)) 17GB is reformed by
the light-emitting layer (EML (GB)) 17GB being irradiated
with laser beam 594.

[0297] Above the blue pixel electrodes 15B, the light-
emitting layer (EML (R)) 17R is reformed by being irradi-
ated with the laser beam 59a. Likewise, the green guest
material in the light-emitting layer (EML (GB)) 17GB is
reformed by the light-emitting layer (EML (GB)) 17GB
being irradiated with laser beam 59c.

[0298] While referring to the drawings, a description of a
manufacturing method in the second embodiment example
of the present invention will be made in the following. The
TFT substrate 52 is conveyed in from the convey-in chamber
113 in FIG. 11 A and conveyed into the chamber (HTL) 111c.
As illustrated in FIG. 15A, the hole-transport layer 16 is
formed over the pixel electrodes 15 on the TFT substrate 52.

[0299] Next, the TFT substrate 52 is conveyed into the
emission-layer (EML) R deposition compartment chamber
(EML (R)) 1114. By means of a vapor-deposition technique,
as illustrated in FIG. 10B the light-emitting layer 17R is
laminated onto the hole-transport layer 16. The light-emit-
ting layer 17R is formed by codeposition of a host material
and a red guest material. The light-emitting layer 17R is
formed as a continuous film across the display screen 36
entirety.

[0300] Next, the TFT substrate 52 is conveyed into the
laser device chamber 118. In the laser device chamber 118,
irradiating of the TFT substrate 52 light-emitting layer 17R
is carried out with laser beam 59a, as indicated in FIG. 15B.
The laser beam 59a is directed onto the light-emitting layer
17R above the pixel electrodes 15G and the pixel electrodes
15B. The laser beam 59a is not directed onto the light-
emitting layer 17R above the pixel electrodes 15R.
Reformed with the lasing portion of the laser beam 59a, the
light-emitting layer 17R is made into reformed sections 96a.
Because the light-emitting layer 17R where it is above the
pixel electrodes 15R is not irradiated with the laser beam
59a, as a light-emitting guest material its capacity is main-
tained.

[0301] Next, the TFT substrate 52 is conveyed into the
central chamber 115 via the load-lock chamber 112, then
conveyed into the compartment chamber (EML (G)) 1115.
In the compartment chamber 1115, the light-emitting layer
(EML (GB)) 17GB is laminated over the light-emitting layer
17R, as illustrated in FIG. 15C.

[0302] The light-emitting layer (EML (GB)) 17GB con-
tains a blue guest material and a green guest material. The
wavelengths of the laser beams 59 that the blue guest
material and the green guest material absorb differ. Chang-
ing the wavelength of the laser beam 59 directed onto the
light-emitting layer (EML (GB)) 17GB, enables selecting
between the blue guest material and the green guest material
to reform.

[0303] As indicated by the FIG. 3C graph, for the host
material, a material that does not readily absorb the laser
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beam 59a, the laser beam 595, and the laser beam 59c is
selected. Alternatively, a material that transmits the laser
beam 59 is selected.

[0304] The concept that the material “does not readily
absorb” laser light and similar optical radiation includes,
apart from the material not absorbing light, reflecting said
laser light and similar optical radiation, as well as transmit-
ting said laser light and similar optical radiation. Further, the
concept also includes that the material or its constituents
does not change despite absorbing laser light and similar
optical radiation.

[0305] For the guest material R, a material that readily
absorbs the laser light 59a is selected. For the guest material
B, a material that readily absorbs the laser light 595 but does
not readily absorb the laser light 59¢ is selected. For the
guest material G, a material that readily absorbs the laser
light 59¢ but does not readily absorb the laser light 595 is
selected.

[0306] Preferably, given that the guest-material B absorp-
tivity, as graphed in FI1G. 3C, is 100% at the wavelength of
the laser beam 595, a guest-material G stuff whose guest-
material G absorptivity will be not greater than 25% is
selected. Likewise, given that the guest-material G absorp-
tivity is 100% at the wavelength of the laser beam 59c, a
guest material B whose guest-material B absorptivity will be
not greater than 25% is selected. Further, given that the
guest-material B absorptivity is 100% at the wavelength of
the laser beam 595, a host material whose host-material
absorptivity will be not greater than 25% is selected.

[0307] Absorptivity being 100% may be read as transmit-
tance being 0%; absorptivity being 0%, as transmittance
being 100%; absorptivity being 75%, as transmittance being
25%; absorptivity being 25%, as transmittance being 75%.
[0308] The light-emitting layer (EML (GB)) 17GB is
formed above the green pixel electrodes 15G, as illustrated
in FIG. 15D. The light-emitting layer (EML (GB)) 17GB
contains a guest material B that contributes to blue light
emission and a guest material G that contributes to green
light emission. As indicated in FIG. 3C, the laser beam 595
wavelength is a shorter wavelength than the laser beam 59¢
wavelength. Guest material B absorbs light of shorter wave-
lengths better than the guest material G.

[0309] With the light-emitting layer (EML (GB)) 17GB
above the green pixel electrodes 15G being irradiated with
laser beam 594, the guest material B in the light-emitting
layer (EML (GB)) 17GB, absorbing the laser light 592, is
reformed. The guest material Gin the light-emitting layer
(EML (GB)) 17GB does not absorb the laser light 595.
Because the light-emitting layer (EML (GB)) 17GB is
maintained in a state in which the guest material G is capable
of emitting light, the light-emitting layer (EML (GB)) 17GB
acts as a green-emitting light-emitting layer 17G.

[0310] The light-emitting layer (EML (GB)) 17GB is
formed above the blue pixel electrode 15B, as illustrated in
FIG. 15E. With the light-emitting layer (EML (GB)) 17GB
being irradiated with laser beam 59¢, the guest material Gin
the light-emitting layer (EML (GB)) 17GB, absorbing the
laser light 59c, is reformed. The guest material B does not
absorb the laser light 595. Since the light-emitting layer
(EML (GB)) 17GB is maintained in a state in which the
guest material B is capable of emitting light, the light-
emitting layer (EML (GB)) 17GB acts as a blue-emitting
light-emitting layer 17B.
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[0311] Next, an electron-transport layer 18 as represented
in FIG. 15F is formed over the light-emitting layers 17G and
B, following which LiF or Liq or the like as an electron
injection membrane is built on, and a cathode electrode 19
is laminated onto the electron-transport layer 18. The cath-
ode electrode 19 is formed onto the electron-transport layer
18.

[0312] The bulk of the guest material that the light-
emitting layer 17R above the pixel electrodes 15R includes
is capable of emitting light. The red guest material included
in the light-emitting layer 17R above the pixel electrodes
15G and the pixel electrodes 15B for the most part is
quenched or does not undergo excitation. By being irradi-
ated with the laser beam 594, the blue guest material B
included in the light-emitting layer 17GB above the pixel
electrodes 15G for the most part is quenched or does not
undergo excitation. By being irradiated with the laser beam
59c¢, the green guest material G included in the light-emitting
layer 17GB above the pixel electrodes 15B for the most part
is quenched or does not undergo excitation.

[0313] In the light-emitting layer 17GB above the pixel
electrodes 15R, it is possible for the green guest material G
and the blue guest material B also to undergo excitation. The
green guest material Gin the light-emitting layer 17GB
absorbs the energy whereby by the blue guest material B
undergoes excitation. Absorbing energy whereby by the
green guest material G is excited, the red guest material R
included in the light-emitting layer 17R above the pixel
electrodes 15R emits light.

[0314] In the light-emitting layer 17R above the pixel
electrodes 15G, because the contained red guest material R
has been irradiated with the laser beam 59aq, it does not
undergo excitation. Likewise, because the blue guest mate-
rial B in the light-emitting layer 17GB has been irradiated
with the laser beam 594, it does not undergo excitation.
Therefore, the light-emitting layer 17GB optically emits in
green. Accordingly, the pixel-electrode 15G pixels 37 opti-
cally emit in green.

[0315] It should be understood that with the light-emitting
layer 17GB above the pixel electrodes 15G, the green guest
material G in the light-emitting layer 17GB is a material that
optimally absorbs the energy whereby the blue guest mate-
rial B undergoes excitation, and otherwise that with the
configuration of the EL element 22, the green guest material
G included in the upper light-emitting layer 17GB above the
pixel electrodes 15G absorbs the energy whereby the blue
guest material B undergoes excitation and emits light.
Accordingly, the light-emitting layer 17GB optically emits
in green. In this case, the manufacturing step of irradiating
the light-emitting layer 17GB above the pixel electrodes
15G with the laser light 595 in FIG. 15D can be eliminated.

[0316] In the light-emitting layer 17R above the pixel
electrodes 15B, because the contained red guest material R
has been irradiated with the laser beam 59aq, it does not
undergo excitation. Likewise, because the green guest mate-
rial Gin the light-emitting layer 17GB has been irradiated
with the laser beam 59c¢, it does not undergo excitation.
Therefore, the light-emitting layer 17GB optically emits in
blue. Accordingly, the pixel-electrode 15B pixels 37 opti-
cally emit in blue.

[0317] While referring to the drawings, a description of a
third embodiment of the present invention will be made in
the following. FIGS. 16 and 17 are a sectional structure
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diagram of, and diagrams for explaining the manufacture of,
an EL display panel in the third embodiment of the present
invention.

[0318] In FIG. 16, a light-emitting layer 17R, a light-
emitting layer 17G, and a light-emitting layer 17B are
formed above the red pixel electrodes 15R. A light-emitting
layer 17G and a light-emitting layer 17B are formed above
the green pixel electrodes 15G and the blue pixel electrodes
15B.

[0319] The light-emitting layer 17G above the blue pixel
electrodes 15B has been irradiated with light to reform the
green guest material in the light-emitting layer 17G.
[0320] While referring to the drawings, a description of a
manufacturing method in the third embodiment example of
the present invention will be made in the following. As
illustrated in FIG. 17A, as for the TFT substrate 52, the
hole-transport layer 16 is formed over the pixel electrodes
15. Next, the TFT substrate 52 is conveyed into the emis-
sion-layer (EML) R deposition compartment chamber (EML
(R)) 1114.

[0321] As illustrated in FIG. 17B, a vapor-deposition fine
mask 251R is arranged on the TFT substrate 52 in order to
form the red light-emitting layer 17R. The vapor-deposition
fine mask 251R is a mask having apertures in the red-pixel
positions.

[0322] Red light-emitting layer material 172R is vapor-
ized to laminate a light-emitting layer 17R onto the hole-
transport layer 16. The light-emitting layer 17R is formed by
codeposition of a host material and a red guest material. The
codeposition is implemented in a vacuum process step.
[0323] Next, the TFT substrate 52 is conveyed into the
compartment chamber 1115. In the compartment chamber
1115, as shown in FIG. 17C, the light-emitting layer 17G is
laminated. The light-emitting layer 17G contains a green
guest material.

[0324] Next, the TFT substrate 52 is conveyed into the
laser device chamber 118 shown in FIG. 11A. As illustrated
in FIG. 17D, the light-emitting layer 17G above the blue
pixel electrode 15B is irradiated with the laser light 59.
When the laser beam 59 is irradiated, the guest material G
of the light-emitting layer 17G absorbs the laser beam 59
and is reformed.

[0325] Since the light-emitting layer 17G above the green
pixel electrode 15G is not irradiated with the laser light 59,
the guest material G of the light-emitting layer 17G is in a
state capable of emitting light.

[0326] Next, as illustrated in FIG. 17E, a light-emitting
layer 17B is formed. Since the light-emitting layer 17B is
maintained in a state in which the guest material B can emit
light, the light-emitting layer 17B becomes a light-emitting
layer that emits blue light.

[0327] Next, as illustrated in FIG. 17F, the electron-
transport layer 18 is formed above the light-emitting layer
17GB, then the electron-injection layer is formed, and the
cathode electrode 19 is laminated onto the electron-transport
layer 18.

[0328] In the embodiment of FIG. 17, it has been
described that the light-emitting layer 17 is formed using the
vapor-deposition fine mask 251, but the present invention is
not limited to this. For example, it goes without saying that
other layers such as the hole-transport layer 16 may be
formed using the vapor-deposition fine mask 251. For
example, the step of forming the hole-transport layer (HTL)
of the blue pixel 37B of FIG. 28A, the step of forming the
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hole-transport layer (HTL) of the red pixel 37R of FIG. 28B,
and the step of forming the hole-transport layer (HTL) of the
blue pixel 37B of FIG. 28 D, and the step of forming the
insulating film 14B are exemplifying.

[0329] In the light-emitting layer 17R above the pixel
electrode 15R in FIG. 16, recombination of electrons and
holes mainly occurs in the red guest material R of the
light-emitting layer 17R. It may also occur in the blue guest
material B of the layer 17B.

[0330] The green guest material G of the light-emitting
layer 17G absorbs energy that excites the blue guest material
B of the light-emitting layer 17B. The red guest material R
included in the light-emitting layer 17R above the pixel
electrode 15R absorbs energy that excites the green guest
material G and emits light. The light-emitting layer 17 of the
pixel electrode 15R of the EL display panel of the present
invention shown in FIG. 16 emits red light.

[0331] The green guest material G of the light-emitting
layer 17G above the pixel electrode 15G absorbs energy that
excites the blue guest material B of the light-emitting layer
17B. The light-emitting layer 17 of the pixel electrode 15G
of the EL display panel of the present invention shown in
FIG. 16 emits green light.

[0332] In the light-emitting layer 17G above the pixel
electrode 15B, the contained green guest material G is not
excited by being irradiated with the laser beam 59. The
light-emitting layer 17B emits blue light. Therefore, the
pixel 37 of the pixel electrode 15B emits blue light.

[0333] In the manufacturing method of the present inven-
tion shown in FIG. 17, the formation of the light-emitting
layer 17R with the vapor-deposition fine mask 251 is
described as an example. However, the present invention is
not limited to this. For example, the light-emitting layer 17R
may be formed by a laser thermal transfer method, an ink jet
method, or a printing method.

[0334] It is also a technical category of the present inven-
tion to form other light-emitting layers such as the light-
emitting layer 17G and the light-emitting layer 17B with a
vapor-deposition fine mask. Moreover, it is not limited to the
light-emitting layer 17. For example, the positive hole-
transport layer 16 may be formed. By forming the hole-
transport layer 16 using the vapor-deposition fine mask 251,
for example, as shown in FIG. 1, the film thicknesses of the
hole-transport layer 16R, the hole-transport layer 16G, and
the hole-transport layer 16B may be easily varied and
formed.

[0335] A fourth embodiment of the present invention will
be described below with reference to the drawings. First, a
laser thermal transfer apparatus which is one of the EL
display panel manufacturing apparatuses of the present
invention will be described.

[0336] FIG. 18 is an explanatory diagram of a laser
thermal transfer apparatus which is one of the EL display
panel manufacturing apparatuses of the present invention.
Items related to the laser device 58 of the laser thermal
transfer device, the control device, the control method, the
operation, and the like have been described with reference to
FIGS. 4, 5, 6 etc.

[0337] The laser light 59 generated by the laser device 58
is light in the ultraviolet region when reforming the light-
emitting layer 17 and the like, whereas it is different from
light in the infrared region in the case of laser thermal
transfer.
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[0338] FIG. 11B is an explanatory diagram of an EL
display panel manufacturing apparatus according to the
fourth embodiment of the present invention. The laser
thermal transfer device is disposed in the transfer device
chamber 117 of F1G. 11B. The TFT substrate 52 is conveyed
into the transfer device chamber 117 via the load lock
chamber 112a4. Here, FIGS. 11A and 11B are that the
compartment chamber 1114 is a load lock chamber 1124 and
a transfer device 117.

[0339] As shown in FIG. 18, the transfer device for the
transfer organic film 195 includes a laser device 58 that
generates laser light 594 for irradiating the donor film 197.
FIG. 19 is an explanatory diagram for explaining the opera-
tion of irradiating the donor film 197 with the laser beam 594
by the laser device 58 in the transfer process.

[0340] The laser thermal transfer apparatus includes a
sliding stage 182 on which the TFT substrate 52 is placed
and a control mechanism 185. The support mechanism 183
of the control mechanism 185 holds the donor film 197
disposed on the TFT substrate 52. The support mechanism
183 includes a raise/lower mechanism 184 so that the
distance between the TFT substrate 52 and the donor film
197 can be adjusted. Further, the sliding stage 182 has an
exhaust port 181 for exhausting the gas existing between the
TFT substrate 52 and the donor film 197 to the outside.

[0341] The control mechanism 185a includes a support
mechanism 183a that supports one end of the donor film 197
and a raise/lower mechanism 184a. The control mechanism
1855 includes a support mechanism 18354 that supports the
other end of the donor film 197 and a raise/lower mechanism
1845b. The support mechanism 1834 and the support mecha-
nism 1834 can move the donor film 197 up and down on the
sliding stage 182 independently.

[0342] The raise/lower mechanism 184a moves up and
down on the sliding stage 182. The support mechanism 1835
fixes the other end of the donor film 197. The raise/lower
mechanism 1845 moves the donor film 197 up and down on
the sliding stage 182.

[0343] The support mechanism 183 supports the donor
film 197 so that the donor film 197 is disposed on the TFT
substrate 52. The support mechanism 183 and the raise/
lower mechanism 184 can support both ends of the donor
film 197 and move the donor film 197 up and down with
respect to the TFT substrate 52.

[0344] The sliding stage 182 includes two exhaust ports
181a and 1815. The exhaust port 181 is a passage that
connects the inside and the outside of the transfer device
chamber 117. The gas existing between the TFT substrate 52
placed on the sliding stage 182 and the donor film 197
disposed on the TFT substrate 52 through the exhaust port
181 is exhausted to the outside of the transfer device
chamber 117.

[0345] The sliding stage 182 further includes driving
means (not shown) for moving. For example, when the laser
beam 59 is irradiated in the normal direction of the TFT
substrate 52, a driving unit (mechanism) for moving the
sliding stage 182 in the lateral direction is provided.

[0346] The support mechanism 183 can be raised or
lowered in the normal direction of the TFT substrate 52 by
the raise/lower mechanism 184. The control mechanism
1854 and the control mechanism 1855 can be independently
controlled in operation, and can be controlled to rise and fall
independently.
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[0347] The pressure roller 186 is disposed on the donor
film 197 and can apply pressure on the donor film 197
toward the TFT substrate 52. The pressure roller 186 applies
pressure to the donor film 197 toward the TFT substrate 52
during the bonding process between the donor film 197 and
the TFT substrate 52 to bring the donor film 197 and the TFT
substrate 52 into close contact with each other. The pressure
roller 186 can prevent the transfer organic film 195 trans-
ferred to the TFT substrate 52 from being peeled off during
the peeling process between the donor film 197 and the TFT
substrate 52.

[0348] The support mechanism 183 moves the donor film
197 s0 as to be separated from the TFT substrate 52 before
the bonding step between the TFT substrate 52 and the donor
film 197. The exhaust port 181 exhausts gas existing in the
space between the TFT substrate 52 and the donor film 197
to the outside.

[0349] The support mechanism 183 pulls in a direction
extending from one end and the other end of the donor film
197 to the outside. By pulling the donor film 197 taut, the
support mechanism 183 prevents the donor film 197 from
sagging toward the TFT substrate 52.

[0350] As shown in FIG. 18, at the time of the peeling
process, first, the support mechanism 183 a lifts one end of
the donor film 197, so that the pressure roller 186 is opposed
to one end from one end of the donor film 197. Move along.
By applying pressure to the donor film 197 by the pressure
roller 186, it is possible to prevent the transfer organic film
195 transferred to the TFT substrate 52 from being peeled off
during the peeling process.

[0351] During the peeling process of the donor film 197
and the TFT substrate 52, the support mechanism 183a is
raised while the support mechanism 1834 is stopped. In the
donor film 197, the TFT substrate 52 is separated from one
end of the donor film 197 from the side close to the support
mechanism 183a.

[0352] When the raising of the support mechanism 183a is
completed, the support mechanism 1835 starts to rise. As for
the donor film 197, the donor film 197 closer to the support
mechanism 1835 is raised, and the donor film 197 and the
TFT substrate 52 are separated.

[0353] The EL display panel manufacturing method
according to the fourth embodiment of the present invention
uses a laser thermal transfer method. In the laser thermal
transfer method, the step of disposing the TFT substrate 52
on the sliding stage 182, the step of removing the gas
existing between the TFT substrate 52 and the donor film
197, and the step of the bonding of the donor film 197 and
the TFT substrate 52 are performed. A step of transferring
the transfer organic film 195 of the donor film 197 to the
TFT substrate 52, and a step of peeling the donor film 197
and the TFT substrate 52 are performed.

[0354] FIG. 19 is an explanatory diagram for explaining a
configuration of a donor film 197 used in the fourth embodi-
ment of the present invention and a manufacturing method
using the donor film 197.

[0355] The base film 191 of the donor film 197 is made of
a transparent polymer material. As the base film 191, it is
particularly preferable to use a polyethylene terephthalate
film. The thickness of the base film 191 is preferably from
10 pm to 500 pm.

[0356] Although the base film 191 constituting the donor
film 197 is described as a film made of a resin material, the
present invention is not limited to this. It will be appreciated

Apr. 9,2020

that the base film 191 may be formed of an inorganic
material plate such as glass. Therefore, the donor film is not
limited to a film, and may be any component as long as it is
a sheet-like material on which the photoconversion film 192
and the transfer organic film 195 are formed.

[0357] A photoconversion film 192 is formed on the base
film 191. The photoconversion film 192 is a layer that
absorbs the laser light 594 in the infrared-visible light region
and converts part of the light into heat. Examples of the
photoconversion film 192 include a metal film containing
aluminum oxide and aluminum sulfide as a light-absorbing
substance, carbon black, and graphite.

[0358] An intermediate film 193 can be formed on the
photoconversion film 192. The intermediate film 193 serves
to prevent the light-absorbing substance contained in the
photoconversion film 192, such as carbon black, from con-
taminating the transfer organic film 195 formed in the
subsequent process. The intermediate film 193 can be
formed of an acrylic resin or an alkyd resin. In the case
where the intermediate film 193 is formed on the photocon-
version film 192, it is preferable to further form a buffer film
194 on the intermediate film 193.

[0359] The buffer film 194 is formed to prevent damage to
the organic film or the like formed on the transfer organic
film 195 and to effectively adjust the adhesive force between
the intermediate film 193 and the transfer organic film 195.
The buffer film 194 is made of metal or metal oxide having
a laser beam transmittance of 20% or less, and the thickness
of the buffer film 194 is 0.05 um or more and 1 pum or less.
[0360] A transfer organic film 195 is formed on the buffer
film 194. The transfer organic film 195 is an organic material
for forming the light-emitting layer 17, the hole injection
layer, the hole-transport layer 16, the electron-injection
layer, the electron-transport layer 18, and the like.

[0361] In oneembodiment, the transfer organic film 195 is
manufactured by coating an organic thin film forming sub-
stance. As the transfer organic film 195, two or more organic
layers can be laminated as needed instead of one organic
layer.

[0362] As shown in FIG. 19, after a donor film 197 is
disposed at a position spaced apart from the TFT substrate
52 by a predetermined distance, the donor film 197 is
irradiated with laser light 594 having an infrared wavelength
or a visible wavelength.

[0363] In the embodiment of the present invention,
description will be made by exemplifying the formation of
the light-emitting layer 17R of the pixel 37R by thermal
transfer, but the present invention is not limited to this. It
will be appreciated that the light-emitting layers 17 of the
pixels 37 of other colors may be formed. The formation by
thermal transfer is not limited to the light-emitting layer 17,
and it goes without saying that another organic film such as
the hole-transport layer 16 may be formed.

[0364] As shown in FIG. 19, a donor film 197 is disposed
on the TFT substrate 52. As shown in FIG. 18, the alignment
between the TFT substrate 52 and the donor film 197 is
performed by a control mechanism 185 or the like.

[0365] The laser beam 59d passes through the base film
191 and heats the photoconversion film 192. The photocon-
version film 192 emits heat by the laser beam 59d. The
photoconversion film 192 expands, and the transfer organic
film 195 peels from the donor film 197. The peeled transfer
organic film 195¢ is laminated as the light-emitting layer
17R above the pixel electrode 15 of the TFT substrate 52.
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[0366] The thickness of the laminated light-emitting layer
17 is proportional to the thickness of the transfer organic
film 195. Therefore, by defining the thickness of the transfer
organic film 195, the thickness of the light-emitting layer 17
can be defined.

[0367] Alternatively, a plurality of donor films 197 may be
used and the transfer organic film 195 may be transferred
onto the hole transport layer 16 a plurality of times. The film
thickness of the light-emitting layer 17 can be accurately
formed to a prescribed film thickness by transferring a
plurality of times.

[0368] As the laser beam 59d, all general-purpose laser
beams such as solid, gas, semiconductor, and dye can be
used. Among these, it is preferable to use laser light having
a wavelength in the infrared region having a wavelength of
800 nm or more. For example, a YAG laser, a glass laser, and
a carbon dioxide laser are exemplified. A helium neon
(HeNe) laser can also be employed.

[0369] FIG. 11B and FIG. 21 are explanatory views of the
EL display panel manufacturing method and manufacturing
apparatus in the fourth embodiment. In FIG. 11B, the TFT
substrate 52 is conveyed into the film forming apparatus 116
from the convey-in chamber 113.

[0370] The thermal transfer device that thermally transfers
the light-emitting layer 17 is installed in the transfer device
chamber 117. The TFT substrate 52 is conveyed into the
transfer device chamber 117 via the load lock chamber 112a.
The TFT substrate 52 is conveyed into a chamber (HTL)
chamber 111 ¢ in which the hole transport layer 16 is
deposited. In the compartment chamber 111¢, as shown in
FIG. 21A, the hole transport layer 16 is formed above the
pixel electrode 15 of the TFT substrate 52.

[0371] Next, the TFT substrate 52 is conveyed into a
transfer device chamber 117 to which the light-emitting
layer R is transferred. As shown in FIG. 21B, after the donor
film 197 is disposed at a position separated from the TFT
substrate 52, the donor film 197 is irradiated with laser light
59d having a wavelength in the infrared region or the visible
light region. The laser beam 594 passes through the base film
191 and heats the photoconversion film 192.

[0372] The released heat causes the photoconversion film
192 of the donor film 197 to expand, and the transfer organic
film 1954 peels from the donor film 197. The peeled transfer
organic film 195 is transferred onto the hole transport layer
16 of the TFT substrate 52 to a desired pattern and thickness
as the light-emitting layer 17R. The transfer organic film
1954 becomes the light-emitting layer 17R.

[0373] As shown in FIG. 21B, the transfer organic film
195 is thermally transferred to the TFT substrate 52 as the
light-emitting layer 17R.b However, as illustrated in FIG.
20, the transfer organic film 195 may adhere as an adherent
201b on the bank 95 as well as above the red pixel electrode
15R. Further, in some cases, the adhering material 201¢ is
attached not only to the red pixel electrode 15R but also
above the green pixel electrode 15G and above the blue pixel
electrode 15B.

[0374] The deposit 2016 adhering to the bank 95 may peel
off and adhere to the pixel electrode 15 and cause a defect.
Further, the adhering material 201a attached above the green
pixel electrode 15G and above the blue pixel electrode 15B
emits light, which may cause a color adulteration problem.
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[0375] FIG. 20 is an explanatory view of a method for
reforming or removing the deposit 201 generated in the
manufacturing process of the EL display panel of the present
invention.

[0376] The deposit 201 adhered to an unnecessary portion
by thermal transfer is irradiated with a laser beam 59a to be
reformed. The deposit 201 is irradiated with laser light 59a
in the ultraviolet band. The guest material of the deposit 201
is reformed by irradiation with laser light 594 having an
ultraviolet wavelength. Due to the reforming, the deposit
201 does not emit light or is removed.

[0377] The laser beam 59a can be the same as the laser
beam 59 in FIG. 4. The same laser device 58 can be used.
The wavelength of the laser beam 594 is in the ultraviolet
region.

[0378] The deposit 201 is reformed by the irradiation of
the laser beam 59a. Alternatively, the deposit 201 is heated
and evaporated by irradiation with the laser beam 59a, and
is removed from above the pixel electrode 15.

[0379] Next, the TFT substrate 52 is conveyed into the
compartment chamber (EML (G)) 1115. In the compartment
chamber 1115, as shown in FIG. 21C, the light-emitting
layer 17G is laminated above the light-emitting layer 17R by
a vapor deposition method.

[0380] The vapor-deposition fine mask 251 is not used in
the vacuum vapor deposition step of the light-emitting layer
17G. The light-emitting layer 17G is deposited on the entire
display screen 36 of the display panel using a rough depo-
sition mask (not shown). Accordingly, the light-emitting
layer 17G is formed in common above the pixel electrode
15R, the pixel electrode 15G, and the pixel electrode 15B.
[0381] The TFT substrate 52 is conveyed into the laser
device chamber 118 via the load lock chamber 1125. In the
laser device chamber 118, as shown in FIG. 21D, the
light-emitting layer 17G of the TFT substrate 52 is irradiated
with laser light 59a. The laser light 59a irradiates the
light-emitting layer 17G above the pixel electrode 15B. The
laser light 59q is not applied to the light-emitting layer 17G
above the pixel electrode 15R and the pixel electrode 15G.
The light-emitting layer 17G is reformed by the irradiated
portion of the laser light 59« to become a reformed portion
96b.

[0382] Since the light-emitting layer 17G corresponding
to the pixel electrode 15R and the pixel electrode 15G is not
irradiated with the laser light 594, the performance as the
light-emitting layer is maintained.

[0383] Next, the TFT substrate 52 is conveyed into a
compartment chamber (EML (B) ETL) 11le. In the com-
partment chamber 111e, as shown in FIG. 21E, the light-
emitting layer 17B is laminated above the light-emitting
layer 17G by a vapor deposition method.

[0384] The vapor-deposition fine mask 251 is not used in
the vacuum vapor deposition process of the light-emitting
layer 17B. The light-emitting layer 17B is deposited on the
entire display screen 36 of the display panel using a rough
deposition mask (not shown). Therefore, the light-emitting
layer 17B is formed in common above the pixel electrode
15R, the pixel electrode 15G, and the pixel electrode 15B.
[0385] Next, as illustrated in FIG. 21F, the electron-
transport layer 18 is formed above the light-emitting layer
178, then the electron-injection layer is formed, and the
cathode electrode 19 is stacked on the electron-transport
layer 18.
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[0386] The panel structure manufactured by the EL dis-
play panel manufacturing method described in FIG. 21 is the
same as that in FIG. 16. Since the structure and operation of
the EL display panel in FIG. 16 have been described,
description thereof will be omitted. The fourth embodiment
is different in that the light-emitting layer 17 of FIG. 16 is
formed by a thermal transfer method.

[0387] In the manufacturing method of the present inven-
tion shown in FIG. 21, the formation of the light-emitting
layer 17R using the donor film 197 or the like has been
described as an example. For example, it is also a technical
category of the present invention to form other light-emit-
ting layers such as the light-emitting layer 17G and the
light-emitting layer 17B with the donor film 197 or the like.
Moreover, it is not limited to the light-emitting layer 17. For
example, the insulating film 14 may be formed. By forming
the insulating film 14 using the donor film 197 or the like,
for example, as shown in FIG. 1, the thicknesses of the
insulating film 14R, the insulating film 14G, and the insu-
lating film 14B can be easily set.

[0388] FIGS. 22 and 23 are a cross-sectional view of an
EL display panel and an explanatory view of a manufactur-
ing method according to the fifth embodiment of the present
invention.

[0389] In FIG. 22, a light-emitting layer 17R and a light-
emitting layer EML (GB) are formed above the red pixel
electrode 15R. A light-emitting layer EML (GB) is formed
above the green pixel electrode 15G and the blue pixel
electrode 15B.

[0390] The light-emitting layer EML (GB) is formed by
codepositing a host material, a green light emitting guest
material, and a blue light emitting guest material.

[0391] Hereinafter, a manufacturing method of the fifth
embodiment of the present invention will be described with
reference to the drawings. As illustrated in FIG. 23A, the
hole transport layer 16 is formed on the TFT substrate 52
above the pixel electrode 15. Next, as illustrated in FIG.
23B, a vapor-deposition fine mask 251R is disposed on the
TFT substrate 52 in order to form the red light-emitting layer
17R. The red light-emitting layer material 172R is evapo-
rated, and the light-emitting layer 17R is laminated on the
hole transport layer 16. The light-emitting layer 17R is
formed by codepositing a host material and a red guest
material.

[0392] Next, as illustrated in FIG. 23C, a light-emitting
layer EML (GB) is laminated. The light-emitting layer EML
(GB) contains a green light emitting guest material and a
blue light emitting guest material. The light-emitting layer
EML (GB) is formed by codepositing a host material, a
green light emitting guest material, and a blue light emitting
guest material.

[0393] Next, the TFT substrate 52 is conveyed into the
laser device chamber 118, and as shown in FIG. 23D, the
light-emitting layer EML (GB) above the blue pixel elec-
trode 15B is irradiated with the laser light 59¢. When the
laser beam 59¢ is irradiated, the green guest material G in the
light-emitting layer EML (GB) absorbs the laser beam 59¢
and becomes the reformed portion 96.

[0394] As shown in FIG. 3C, a material that hardly
absorbs the laser beam 59c¢ is selected as the host material
and the green guest material B. As the green guest material
G, a material that easily absorbs the laser light 59c¢ is
selected.
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[0395] Preferably, as shown in FIG. 3C, the guest material
B is selected such that the absorptance of the guest material
B is 25% or less when the absorptivity of the guest material
G is 100% at the wavelength of the laser beam 59¢. Further,
the material is selected so that the difference between the
absorption rate of the guest material G and the absorption
rate of the guest material B is three times or more.

[0396] Since the light-emitting layer 17G above the green
pixel electrode 15G is not irradiated with the laser light 59c,
the guest material G of the light-emitting layer 17G is in a
state capable of emitting light.

[0397] Next, as illustrated in FIG. 23E, the electron-
transport layer 18 is formed above the light-emitting layer
EML (GB), and as illustrated in FIG. 23F, the electron-
injection layer is formed, and the cathode electrode 19 is
laminated onto the electron-transport layer 18.

[0398] The absorption spectrum of the red guest material
R included in the light-emitting layer 17R above the pixel
electrode 15R in FIG. 22 at least partially overlaps the
emission spectrum of the green guest material in the light-
emitting layer EML (GB). Further, the emission spectrum of
the green guest material of the light-emitting layer EML
(GB) at least partially overlaps the emission spectrum of the
blue guest material B of the light-emitting layer EML (GB).
[0399] In the light-emitting layer 17R above the pixel
electrode 15R, recombination of electrons and holes mainly
occurs in the red guest material R of the light-emitting layer
17R, but recombination occurs in the green guest material G
and blue of the light-emitting layer EML (GB). This may
also occur in the guest material B.

[0400] The green guest material G of the light-emitting
layer EML (GB) absorbs energy for exciting the blue guest
material B. The red guest material R included in the light-
emitting layer 17R above the pixel electrode 15R absorbs
energy that excites the green guest material G and emits
light. The light-emitting layer 17R of the pixel electrode 15R
of the EL display panel of the present invention shown in
FIG. 22 emits red light.

[0401] In the light-emitting layer EML (GB) above the
pixel electrode 15G, recombination of electrons and holes
mainly occurs in the green guest material G of the light-
emitting layer 17G, but recombination occurs in the blue
guest material of the light-emitting layer EML (GB). It may
also occur in the blue guest material B of B.

[0402] The green guest material G of the light-emitting
layer EML (GB) absorbs energy that excites the blue guest
material B of the light-emitting layer EML (GB). The
light-emitting layer EML (GB) of the pixel electrode 15G of
the EL display panel of the present invention shown in FIG.
22 emits green light.

[0403] In the light-emitting layer EML (GB) above the
pixel electrode 15B, the contained green guest material G is
not excited by being irradiated with the laser beam 59¢. In
the light-emitting layer EML (GB) above the pixel electrode
15B, the blue guest material B emits light. Therefore, the
pixel 37 of the pixel electrode 15B emits blue light.
[0404] FIGS. 24 and 25 are a cross-sectional view of an
EL display panel according to the sixth embodiment of the
present invention and an explanatory diagram of the manu-
facturing method.

[0405] In FIG. 24, the light-emitting layer EML (RGB) is
formed above the red, green, and blue pixel electrodes 15.
The light-emitting layer EML (RGB) is formed by codepos-
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iting a host material, a red light-emitting guest material, a
green light-emitting guest material, and a blue light-emitting
guest material.

[0406] A manufacturing method of the sixth embodiment
of the present invention will be described below. As shown
in FIG. 25A, the hole transport layer 16 is formed on the
TFT substrate 52 above the pixel electrode 15. Next, as
illustrated in FIG. 25B, the light-emitting layer 17RGB 1is
laminated on the hole transport layer 16 on the TFT substrate
52. The light-emitting layer 17RGB is formed by codepos-
iting a host material, a red light-emitting guest material, a
green light-emitting guest material, and a blue light-emitting
guest material.

[0407] Next, the TFT substrate 52 is conveyed into the
laser device chamber 118, and as shown in FIG. 25C, the
laser light 59a is applied to the light-emitting layer EML
(RGB) above the green pixel electrode 15G and the blue
pixel electrode 15B. When the laser beam 59a is shone onto
it, the red guest material R in the light-emitting layer EML
(RGB) absorbs the laser beam 59a and becomes the
reformed portion 96a.

[0408] As shown in FIG. 3D, for the red guest material R,
a material that easily absorbs the laser beam 59a is selected.
As the green guest material G and the blue guest material B,
materials that hardly absorb the laser light 594 are selected.
[0409] Preferably, as shown in FIG. 3D, the guest material
G is selected such that the absorption rate of the guest
material G is 25% or less when the absorption rate of the
guest material R is 100% at the wavelength of the laser beam
59a. Further, the material is selected so that the difference
between the absorption rate of the guest material R and the
absorption rate of the guest material G is three times or
more. The material is preferably selected so as to be 4 times
or more.

[0410] Since the light-emitting layer 17R above the red
pixel electrode 15R is not irradiated with the laser light 59a,
the guest material R, the guest material G, and the guest
material B of the light-emitting layer 17RGB are maintained
in a state capable of emitting light.

[0411] Next, as illustrated in FIG. 25D, laser light 595 is
applied to the light-emitting layer EML (RGB) above the
blue pixel electrode 15B. When the laser beam 595 is
irradiated, the green guest material G of the light-emitting
layer EML (RGB) absorbs the laser beam 595 and becomes
the reformed portion 965.

[0412] As shown in FIG. 3D, for the green guest material
G, a material that easily absorbs the laser beam 595 is
selected. For the blue guest material B, a material that hardly
absorbs the laser beam 595 is selected.

[0413] Preferably, as shown in FIG. 3D, the guest material
B is selected such that the absorption rate of the guest
material B is 25% or less when the absorption rate of the
guest material G is 100% at the wavelength of the laser beam
5954. Further, the material is selected so that the difference
between the absorption rate of the guest material G and the
absorption rate of the guest material B is three times or more.
[0414] Next, as shown in FIG. 25E, an electron-transport
layer 18 is formed above the light-emitting layer EML
(RGB), an electron-injection layer is formed as shown in
FIG. 25F, and the cathode electrode 19 is laminated onto the
electron-transport layer 18.

[0415] In the light-emitting layer EML (RGB) above the
pixel electrode 15R in FIG. 24, recombination of electrons
and holes mainly occurs in the red guest material R of the
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light-emitting layer 17R, but recombination occurs in the
light-emitting layer EML (RGB). It may also occur in the
green guest material G and the blue guest material B.
[0416] The green guest material G of the light-emitting
layer EML (RGB) absorbs the energy with which the blue
guest material B is excited. The red guest material R
included in the light-emitting layer EML (RGB) above the
pixel electrode 15R emits light by absorbing energy excited
by the green guest material G. The light-emitting layer 17R
of the pixel electrode 15R of the EL display panel of the
present invention shown in FIG. 24 emits red light.

[0417] The green guest material G of the light-emitting
layer EML (RGB) above the pixel electrode 15G absorbs
energy that excites the blue guest material B of the light-
emitting layer EML, (RGB). The light-emitting layer EML
(RGB) of the pixel electrode 15G of the EL display panel of
the present invention shown in FIG. 24 emits green light.
[0418] The green guest material G contained in the light-
emitting layer EML (RGB) above the pixel electrode 15B is
not excited by being irradiated with the laser light 594.
Further, the red guest material R contained in the light-
emitting layer EML (RGB) is not excited by being irradiated
with the laser light 59a. In the light-emitting layer EML
(RGB) above the pixel electrode 15B, the blue guest mate-
rial B emits light. Therefore, the pixel 37 of the pixel
electrode 15B emits blue light.

[0419] In the above embodiment, the light-emitting layer
17 and the like above the pixel electrode 15 are irradiated
with the laser light 59 to reform the light-emitting layer 17
and the like. However, the present invention is not limited to
this. When the light-emitting layers 17 of different colors
overlap between adjacent pixels, color mixing occurs. For
example, when the red light-emitting layer 17R and the
green light-emitting layer 17G overlap, the overlapping
light-emitting layer may generate red light and green light,
and mixed color light may be generated.

[0420] As shown in FIG. 20, the light-emitting layer 17
and the like may be reformed or removed by irradiating laser
light 59 between the pixels 37.

[0421] FIGS. 26 and 27 are a cross-sectional view of an
EL display panel according to a seventh embodiment of the
present invention and an explanatory view of the manufac-
turing method. In the seventh embodiment, laser light 59 is
irradiated between adjacent pixels to reform the light-emit-
ting layer 17 and the like between adjacent pixels. In the
seventh embodiment, the pixel 37 is irradiated with the laser
light 59¢ and the irradiated light-emitting layer 17 is
reformed to form a non-light-emitting layer in the first
embodiment described with reference to FIGS. 1 and 10 is
illustrated.

[0422] In the seventh embodiment, as shown in FIG. 27,
the light-emitting layer 17 between the pixel electrodes 15
and the hole transport layer 16 are irradiated with a laser
beam 59¢ to form a reformed portion 96¢. The section
structure illustrates the embodiment of FIG. 1, wherein the
bank 95 of FIG. 1 is eliminated, and the portion of the bank
95 of FIG. 1 is irradiated with the laser beam 59¢ making a
structure where the locations irradiated with the laser beam
59¢ are a reformed portion 96¢.

[0423] By not forming the bank 95, the step of forming the
bank 95 can be omitted, and the manufacturing cost can be
reduced. In addition, the aperture ratio of the pixel 37 can be
increased, the current concentration in the pixel 37 is elimi-
nated, and the life of the EL element 22 can be increased.
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[0424] Further, by irradiating the laser light 59¢ between
the pixels 37, color mixing due to overlapping of the
light-emitting layers 17 of different colors between adjacent
pixels 37 is eliminated, and mixed color light emission is
eliminated.

[0425] As shown in FIG. 27A, the hole transport laver 16
is formed above the pixel electrode 15 of the TFT substrate
52.

[0426] Next, as illustrated in FIG. 27B, the light-emitting
layer 17R is laminated on the hole transport layer 16 by a
vapor deposition method. Further, the light-emitting layer 17
of the TFT substrate 52 is irradiated with a laser beam 594.
The laser light 59a is applied to the light-emitting layer 17R
above the pixel electrode 15G and the pixel electrode 15B.
[0427] As shown in FIG. 27C, the light-emitting layer 17R
is reformed by the irradiated portion of the laser beam 59a
to become a reformed portion 96a. Next, as illustrated in
FIG. 27C, the light-emitting layer 17G is laminated on the
light-emitting layer 17R by a vapor deposition method.
[0428] Next, as shown in FIG. 27D, the light-emitting
layer 17G of the TFT substrate 52 is irradiated with a laser
beam 595. The laser light 595 irradiates the light-emitting
layer 17G above the pixel electrode 15B. The light-emitting
layer 17G is reformed by the irradiated portion of the laser
beam 595 to become a reformed portion 96.

[0429] As shown in FIG. 27E, the light emitting material
between the pixels 37 is reformed by irradiating laser light
59¢ between adjacent pixels.

[0430] As shown in FIG. 27E, when the laser beam 59¢ is
irradiated, a slit mask 92 or the like is used, and the laser
beam 59¢ is irradiated from the opening (light transmission
portion) of the slit mask 92¢. The gap can be reformed.
[0431] Next, as illustrated in FIG. 27F, the electron-
transport layer 18 is formed above the light-emitting layer
17B, and the cathode electrode 19 is stacked on the electron-
transport layer 18.

[0432] As described above, the technical idea of the pres-
ent invention is to irradiate a laser beam or the like to reform
or remove the light-emitting layer 17 or the like to make it
non-light emitting.

[0433] The contents (or part of the contents) described in
each drawing of the embodiment can be applied to various
electronic devices. Specifically, it can be applied to a display
portion of an electronic device.

[0434] Such electronic devices include video cameras,
digital cameras, goggles-type displays, navigation systems,
sound playback devices (car audio, audio components, etc.),
computers, game devices, portable information terminals
(mobile computers, mobile phones, portable games). And an
image reproducing apparatus (specifically, an apparatus hav-
ing a display capable of reproducing a recording medium
such as digital versatile disc (DVD) and displaying the
image).

[0435] FIG. 29A is a perspective view of a display using
the EL display panel 271 of the present invention. The EL
display panel 271 is attached to the housing 272. The display
illustrated in FIG. 29A has a function of displaying various
information (still images, moving images, text images, and
the like) on the display portion.

[0436] FIG. 29B is a perspective view of a smartphone
using the EL display panel 271 of the present invention. The
EL display panel 271 is installed into the housing 272.
[0437] An EL display device using the EL display panel
according to the present embodiment is a concept including
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a system device such as an information device. The concept
of a display device includes system equipment such as
information equipment.

[0438] As described above, the embodiments have been
described as examples of the technology in the present
disclosure. For this purpose, the accompanying drawings
and detailed description are provided.

[0439] In addition, since the above-described embodi-
ments are for illustrating the technique in the present dis-
closure, various modifications, replacements, additions,
omissions, and the like can be made within the scope of the
claims and the equivalents thereof.

INDUSTRIAL APPLICABILITY

[0440] The present disclosure is useful for an EL display
device and an EL display panel. In particular, it is useful for
an active organic FL flat panel display. Moreover, it is useful
as a manufacturing method and manufacturing apparatus of
the EL display panel of the present invention.

LEGEND

[0441] 12: reflective film

[0442] 14: insulating film

[0443] 15: pixel electrode

[0444] 16: hole-transport layer (HTL)

[0445] 17: light-emitting layer (EML)

[0446] 18: electron-transport layer (ETL)

[0447] 19: cathode electrode

[0448] 20: sealing membrane

[0449] 21: TFT (transistor)

[0450] 22: EL element

[0451] 23: capacitor

[0452] 27: sealing film

[0453] 28: planarizing film

[0454] 29: circularly polarizing plate (circularly polar-
izing film)

[0455] 31: gate driver IC (circuit)

[0456] 32: source driver IC (circuit)

[0457] 34: gate signal line

[0458] 35: source signal line

[0459] 36: display screen

[0460] 37: pixel

[0461] 51: sliding stage

[0462] 52: TFT substrate

[0463] 53: temperature-adjusting plate

[0464] 54: vacuum pump

[0465] 55: exhaust duct

[0466] 56: deposition chamber

[0467] 58: laser device

[0468] 59: laser beams

[0469] 60: optical density filter

[0470] 61: cylindrical lens

[0471] 62: mirror galvanometer

[0472] 63: laser window

[0473] 64: 10 lens

[0474] 65: metal evaporation source

[0475] 66: organic evaporation source

[0476] 71: fluorescence/phosphorescence

[0477] 72: beam-splitting mirrors

[0478] 73: mirrors

[0479] 74: lenses

[0480] 75: filter

[0481] 76: optical amplifier circuit
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[0482] 77: beam detection device
[0483] 78: beam control device
[0484] 79: laser control circuit
[0485] 80: photodiode (light sensor)
[0486] 91: laser spot

[0487] 92: slit mask

[0488] 94: transparent substrate
[0489] 95: bank

[0490] 111: compartment chamber
[0491] 112: load-lock chamber
[0492] 113: convey-in chamber
[0493] 114: convey-out chamber
[0494] 115: central chamber
[0495] 116: film-forming tool
[0496] 117: transfer device chamber
[0497] 118: laser device chamber
[0498] 121: black synthetic resin
[0499] 122: LED

[0500] 123: substrate

[0501] 181: exhaust port

[0502] 182: sliding stage

[0503] 183: support mechanism
[0504] 184: raise/lower mechanism
[0505] 185: control mechanism
[0506] 186: pressure roller

[0507] 191: base film

[0508] 192: photoconversion film
[0509] 193: intermediate film
[0510] 194: buffer film

[0511] 195: transfer organic film
[0512] 197: donor film

[0513] 271: EL display panel
[0514] 272: housing

1-20. (canceled)

21. An EL display panel in which first-color pixels,
second-color pixels, and third-color pixels are disposed in
matrix form, the EL display panel comprising:

a first light-emitting layer formed commonly in the first-
color pixels, the second-color pixels, and the third-
color pixels;

a second light-emitting layer formed as an upper layer of
the first light-emitting layer; and

a third light-emitting layer formed as an upper layer of the
second light-emitting layer; wherein

the second-color pixels and the third-color pixels in the
first light-emitting layer are laser-irradiation reformed,
and

the second light-emitting layer in the third-color pixels is
laser-irradiation reformed.

22. An EL display panel as set forth in claim 1, wherein:

the first light-emitting layer and the second light-emitting
layer each contain a guest material and a host material;
and

in the laser-irradiation reformed first light-emitting layer
and the laser-irradiation reformed second light-emitting
layer, among the three relationships,

i. the bandgap of the guest material is greater than the
bandgap of the host material,

ii. in terms of the relative dispositions of the highest
occupied molecular orbitals (HOMOs) in the guest
material and in the host material, the disposition in the
guest material is lower than in the host material, and
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iii. in terms of the lowest unoccupied molecular orbitals
(LUMO) in the guest matetial and in the host material,
the disposition in the guest material is higher than in the
host material

at least one or more relationships hold.

23. An EL display panel as set forth in claim 1, wherein:

the first light-emitting layer and the second light-emitting
layer each contain a guest material and a host material;
and

in the laser-irradiation reformed first light-emitting layer
and the laser-irradiation reformed second light-emitting
layer, among the two relationships,

1. the guest material is decomposed, and

ii. the molecular structure of the guest material is altered,

at least one or more relationships hold.

24. An EL display panel as set forth in claim 1, wherein:

among a first interference order number for the first-color
pixels, a second interference order number for the
second-color pixels, and a third interference order
number for the third-color pixels, the interference order
number for the pixels of any one color differs from the
interference order number for the pixels of the other
colors.

25. An EL display panel as set forth in claim 1, wherein:

pixel cathode electrodes in each of the first-color pixels,
the second-color pixels, and the third-color pixels are
light-permeable;

the EL display panel is of structure whereby light gener-
ated in, of the first light-emitting layer and the second
light-emitting layer, each of the light-emitting layers
exits from the cathode-electrode side of the respective
pixels; and

pixel anode electrodes in each of the light-emitting layers
are transparent electrodes, reflective films are formed
on underlayers of the pixel anode electrodes, and in the
pixels of at least one color, the reflective films are
laminated on the transparent electrodes, wherein light
generated in each of the light-emitting layers is
reflected by the reflective films.

26. An EL display panel as set forth in claim 1, wherein:

pixel cathode electrodes in each of the first-color pixels,
the second-color pixels, and the third-color pixels are
light-permeable;

the EL display panel is of structure whereby light gener-
ated in the first light-emitting layer and the second
light-emitting layer of the respective light-emitting
layers exits from the cathode-electrode side;

pixel anode electrodes in each of the light-emitting layers
are transparent electrodes,

reflective films are formed on underlayers of the pixel
anode electrodes,

between the pixel anode electrode and the reflective film
in the pixels of at least one color among the first-color
pixels, the second-color pixels, and the third-color
pixels, a light-permeable thin film is formed,

among optical distance between the reflective film and the
cathode electrode in the first-color pixels, optical dis-
tance between the reflective film and the cathode elec-
trode in the second-color pixels, and optical distance
between the reflective film and the cathode electrode in
the first-color pixels, the optical distance for the pixels
of at least one color differs from the optical distance for
the pixels of the other colors.
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27. An EL display panel as set forth in claim 1, wherein:

pixel anode electrodes in the first-color pixels, the second-
color pixels, and the third-color pixels are transparent
electrodes;

reflective films are formed on underlayers of the pixel
anode electrodes in each of the first-color pixels, sec-
ond-color pixels, and third-color pixels; and

the pixel anode electrodes and, as electrodes, the reflec-
tive films constitute capacitors.

28. An EL display panel as set forth in claim 1, wherein:

the first light-emitting layer and the second light-emitting
layer each contain a guest material and a host material;
and

the absorptivity of the guest material with respect to
irradiation-reforming laser light is greater than the
absorptivity of the host material with respect to the
irradiation-reforming laser light.

29. An EL display panel as set forth in claim 1, wherein:

a hole-transport layer is formed on an underlayer of the
laser-irradiation reformed first light-emitting layer; and

the absorptivity of the hole-transport layer with respect to
irradiation-reforming laser light is less than the absorp-
tivity of the first light-emitting layer with respect to the
irradiation-reforming laser light.

30. An EL display panel as set forth in claim 1, wherein:

the first light-emitting layer and the second light-emitting
layer are laser-irradiation reformed at a laser-beam
wavelength of from 10 nm to 400 nm;

on being irradiated with the laser beam, the first light-
emitting layer and the second light-emitting layer of the
respective light-emitting layers generate phosphores-
cence or fluorescence; and

intensity of the generated phosphorescence or fluores-
cence is a basis of feedback-controlling of the laser
beam whereby the first light-emitting layer and the
second light-emitting layer are laser-irradiation
reformed.

31. An EL display panel comprising first-color pixels,
second-color pixels, and third-color pixels disposed in
matrix form, wherein:

a first light-emitting layer, a second light-emitting layer,
and a third light-emitting layer are laminated in the
first-color pixels;

the second light-emitting layer and the third light-emitting
layer are also laminated in the second-color pixels;

the second light-emitting layer and the third light-emitting
layer are also laminated in the third-color pixels;

the first light-emitting layer in the first-color pixels is
formed independently from the light-emitting layers in
the other color pixels;

the second light-emitting layer is formed commonly in the
first-color pixels, the second-color pixels, and the third-
color pixels; and

the second light-emitting layer in the third-color pixels is
laser-irradiation reformed.

32. An EL display panel as set forth in claim 11, wherein:

the first light-emitting layer, the second light-emitting
layer, and the third light-emitting layer each contain a
guest material and a host material;

the guest material in the first light-emitting layer is
absorbent of energy from the guest material in the
second light-emitting layer; and
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the guest material in the second light-emitting layer is
absorbent of energy from the guest material in the third
light-emitting layer.

33. An EL display panel as set forth in claim 11, wherein
among the first light-emitting layer, the second light-emit-
ting layer, and the third light-emitting layer formed in the
first-color pixels, at least one of the light-emitting layers is
formed by thermal-transfer technology.

34. An EL display panel as set forth in claim 11, wherein
among the first light-emitting layer, the second light-emit-
ting layer, and the third light-emitting layer formed in the
first-color pixels, at least one of the light-emitting layers is
formed utilizing a vapor-deposition fine mask.

35. An EL display panel as set forth in claim 11, wherein:

on being irradiated with a laser beam, the second light-
emitting layer in the third-color pixels generates phos-
phorescence or fluorescence; and

the generated phosphorescence or fluorescence, converted
into a signal voltage via a photoelectric converter,
feedback-controls the laser beam whereby the second
light-emitting layer is laser-irradiation reformed.

36. An FL display panel as set forth in claim 11, wherein:

the third-color pixels are blue-light emitting pixels;

the interference order number of the third-color pixels is
the first order; and

the interference order number of the first-color pixels and
the second-color pixels is the zeroth order.

37. An EL display panel as set forth in claim 11, wherein:

the interference order number of the third-color pixels is
the first order;

the interference order number of the first-color pixels and
the second-color pixels is the zeroth order;

the film thickness of the hole-transport layer in the
third-color pixels is thicker than the respective film
thicknesses of the hole-transport layer in the first-color
pixels and the hole-transport layer in the second-color
pixels.

38. An EL display panel as set forth in claim 11, wherein:

pixel cathode electrodes in each of the first-color pixels,
the second-color pixels, and the third-color pixels are
light-permeable;

the EL display panel is of structure whereby light gener-
ated in, of the first light-emitting layer, the second
light-emitting layer, and the third light emitting layer,
each of the light-emitting layers is extracted from the
pixels’ cathode-electrode side;

a sealing film made from SiON is formed on an upper
layer on the cathode electrode of each pixel; and

a circularly polarizing film is disposed on the pixels’
light-emitting side.

39. An apparatus for manufacturing an EL display panel
in which first-color pixels, second-color pixels, and third-
color pixels are disposed in matrix form, the EL-display-
panel manufacturing apparatus comprising:

a first light-emitting-layer forming means for forming a
first light-emitting layer commonly in the first-color
pixels, the second-color pixels, and the third-color
pixels;

a laser-beam generating means for selecting, and directing
a laser beam onto, at least one of the first light-emitting
layer in the second-color pixels, and the first light-
emitting layer in the third-color pixels; and
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a second light-emitting layer forming means for forming
a second light-emitting layer onto the first light-emit-
ting layer.

40. An EL-display-panel manufacturing apparatus as set
forth in claim 19, further comprising a retaining container
having a transmissive section for transmitting the laser
beam; wherein

the EL display panel is disposed in the retaining container;

the laser beam is transmissible through the transmissive

section and optically guided inside the retaining con-
tainer.
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