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EXPLANATION OF REFERENCE

101: film formation chamber, 102: first gate valve, 103; second gate valve,
104: first substrate supporting unit, 105: seéond substrate supporting unit,
106: heat source, 107: first substrate, 108: material layer, 109: second
substrate, 110: lamp , 111: tube, 201: film formation chamber, 202: first
gate valve, 203: second gate valve, 204: second substrate supporting unit,
205: first substrate supporting unit, 206: heat source, 207: second substrate,
208: material layer, 209: first substrate, 210: lamp , 301: film formation
chamber, 304: first substrate supporting unmit, 305: second substrate
supporting unit, 306: heat source, 307: first substrate, 308: material layer,
309: second substrate, 310: lamp:, 400: second material layer, 406: heat
source, 407: first substrate, 408: first material layer, 409: second material
layér, 413: head, 506: heat source, 507: first substrate, 508: first material
layer, 509: second substrate, 518: thermal conductive layer, 519: first
material layer, 520: first material layer, 701: first load chamber, 702: first
film formation chamber, 703: first gate valve, 704: second gate valve, 705:
first stock chamber, 706: second stock chamber, 707: third valve, 708:
fourth gate valve 710: fifth gate valve, 712: second film formation chamber,

713: fifth gate valve, 714: sixth gate valve, 715: unload chamber, 716:
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cassette , 717: transfer robot, 718: stage, 719: nozzle, 720: plate, 721:
material layer, 722: hot plate, 723: transfer robot, 724: plate stock holder,
725: transfer robot, 726: cassette, 727: transfer robot, 728: transfer robot,
729: mask stock holder, 730: cassette, 733: mask, 734: plate supporting
base, 735: second substrate supporting base, 736: heat source, 739: second
substrate, 801: transfer chamber, 802: first gate valve, 803: second gate
valve, 804: reflector shutter, 805: second supporting méchanism, 807: first
substrate, 808: material layer, 809: second substrate, 810: halogen lamp,
811: tube, 813: substrate supporting mechanism, 814: movable unit, 815:
movable unit, 816: reflector, 817: fixing unit, 1100: alignment control
portion, 1101: stage position control portion, 1102: monitor, 1103: control
portion, 1120: imaging unit, 1121: head, 1122: stage, 1123: ink bottle,
1124: substrate, 1125: droplet discharge unit, 1501: first substrate, 1504:
insulating film, 1513: first electrode, 1514: partition wall, 1515R, 1515G,
and 1515B: stacked film including light-emitting layer, 1516: second
electrode, 1521: light-emitting region, 1522: inversely tapered partition
wall, 1601: first substrate, 1602: data line, 1603: scanning line, 1604:
partition wall, 1605: region, 1607: input terminal, 1608: connection wiring,
1609a, 1609b: FPC, 1700: layer containing organic compound, 1701:

source side driving circuit, 1702: pixel portion, 1703: gate driving circuit,
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1704: sealing substrate, 1705: sealant, 1707: space, 1709: flexible printed
circuit (FPC), 1710: element substrate, 1711: TFT for switching, 1712: TFT
for controlling current, 1713: anode, 1714: insulator, 1715: light-emitting
element, 1716: cathode, 1723: n-channel TFT, 1724: p-channel TFT, 8001:
chassis, 8002: supporting base, 8003:. display portion, 8004: speaker
portion, 8005: video input portion, 8101: body, 8102: chassis, 8103: display
portion, 8104: keyboard, 8105: external connection port, 8201: body, 8202:
display portion, 8203: chassis, 8204: external connection port, 8205:
remote control receiving portion, 8206: image receiving portion, 8207:
battery, 8208: audio input portion, 8209: operation key, 8301: lighting
portion, 8302: shade, 8303: adjustable arm, 8304 : support, 8305 : base,
8306: power supply, 8401: body, 8402: chassis, 8403: display portion,
8404: audio input portion, 8405: audio output portion, 8406: operation key,

8407: external connection port, and 8408: antenna.
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FILM FORMATION APPARATUS, FILM
FORMATION METHOD, MANUFACTURING
APPARATUS, AND METHOD FOR
MANUFACTURING LIGHT-EMITTING
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a film formation
apparatus that is used for film formation of a material that can
be formed on a substrate and a manufacturing apparatus
including the film formation apparatus. The present invention
further relates to a film formation method with the use of the
film formation apparatus. Moreover, the present invention
relates to a light-emitting device including, as a light-emitting
layer, a layer containing an organic compound that is formed
by the film formation apparatus, and a method for manufac-
turing the light-emitting device.

BACKGROUND ART

[0002] A light-emitting element containing an organic
compound as a luminous body, which has features such as
thinness, lightness, high-speed response, and DC drive at a
low voltage, is expected to be applied to a next-generation flat
panel display. In particular, a display device in which light-
emitting elements are arranged in matrix is considered to have
advantages in a wide viewing angle and excellent visibility
over a conventional liquid crystal display device.

[0003] A light-emitting mechanism of a light-emitting ele-
ment is as follows: a voltage is applied between a pair of
electrodes where a layer containing an organic compound is
interposed, electrons injected from a cathode and holes
injected from an anode are recombined with each other at an
emitting center of the organic compound layer to form
molecular excitons, the molecular excitons release energy in
returning to a ground state to emit light. Singlet excitation and
triplet excitation are known as excited states, and light emis-
sion can probably be achieved through either of the excited
states.

[0004] For alight-emitting device in which such light-emit-
ting elements are arranged in matrix, a driving method such as
passive matrix driving (simple matrix type) or an active
matrix driving (active matrix type) can be used. However,
when the pixel density is increased, the active matrix type
where each pixel (or each dot) is provided with a switch is
considered to be advantageous because it can be driven at a
lower voltage.

[0005] The layer containing an organic compound has a
structure typified by a stacked structure of a hole transporting
layer, a light-emitting layer, and a electron transporting layer.
EL materials for forming EL layers are roughly classified into
low molecular (monomer) materials and high (polymer)
molecular materials. An evaporation apparatus is used for
film formation of the low molecular material.

[0006] A conventional evaporation apparatus includes a
substrate is set on a substrate holder, and a crucible (or an
evaporation boat) in which an EL, material, that is, an evapo-
ration material is sealed, a shutter to prevent the rising of a
sublimating EL. material, and a heater to heat the EL. material
in the crucible. Then, the EL. material heated by the heater
sublimates to form a film on the rotating substrate. At this
time, a certain distance between the substrate and the crucible
is needed in order to form a uniform film. For example, in a
case of using a substrate having a size of 300 mmx360 mm, a
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distance of less than or equal to 1 m is needed. The larger the
size of the substrate is, the longer distance is needed between
the substrate and the crucible. The conventional evaporation
apparatus requires a long distance between the substrate and
the evaporation source in this manner; therefore, film forma-
tion speed is low and exhaust air in a film formation chamber
takes a long time to lower throughput

[0007] Furthermore, in the conventional evaporation appa-
ratus and a conventional evaporation method, in forming the
EL layer by evaporation, most of the ELL material that subli-
mates adheres to an inner wall of a film formation chamber
included in the evaporation apparatus, the shutter, or a con-
tamination shield (protection plate to prevent an evaporation
material from adhering to the inner wall of the film formation
chamber). Therefore, use efficiency of an expensive EL. mate-
rial is as extremely low as about 1% to increase manufactur-
ing cost of the light-emitting device. In addition, regular
maintenance such as cleaning to remove the EL materials that
has adhered the inner wall of a film formation chamber and
the contamination shield is needed; the maintenance involves
temporary suspension of a partial manufacturing line even in
a case of mass production.

[0008] Moreover, the conventional evaporation apparatus
includes a film thickness monitor to obtain a uniform film.
After an evaporation speed measured by the film thickness
monitor becomes stable, evaporation to the substrate is begun
with the shutter opened. Thus, there are loss of time taken
until the evaporation speed stabilizes and loss of the evapo-
ration material caused by the extra vaporization thereof.
[0009] Furthermore, in a case of using a large-area sub-
strate, since the center of the substrate and the periphery
thereof each have a different distance from the evaporation
source, there is a problem in that film thickness tends to be
uneven in these parts of the substrate. In addition, the evapo-
ration apparatus that has a structure in which the substrate is
rotated has a limit as an evaporation apparatus for the purpose
of'using a large-area substrate.

[0010] Moreover, in a case of forming and stacking of EL.
layers, since the conventional evaporation apparatus requires
a certain distance between the substrate and the crucible,
chambers each have a large capacity. Accordingly, after film
formation of a first EL layer is completed, film formationof'a
second EL layer may cause the material of the first EL layer
to enter the second EL layer.

[0011] Patent document 1 (: Japanese Published Patent
Application No. 2000-77182 bulletin Japanese Published
Patent Application No. 2000-77182) discloses a technique in
which an organic EL transfer substrate obtained by forming
an organic compound having a light-emitting property on at
least one surface of a heat-resistant film is heated by heat bars
to transfer the organic compound having a light-emitting
property to a transparent substrate having a transparent elec-
trode.

[0012] Patent document 2 (: Japanese Published Patent
Application No. 2003-308974 bulletin Japanese Published
Patent Application No. 2003-308974) discloses a technique
in which a donor sheet including a chromogenic organic
donor layer and a substrate that are in contact with each other
are irradiated with radiant ray to form an organic material
layer on the substrate.

DISCLOSURE OF INVENTION

[0013] The present invention provides a film formation
apparatus included in a manufacturing apparatus and a film



US 2013/0074763 Al

formation method that reduce manufacturing cost by
improvement in use efficiency of a material, which is not
limited to an EL, material, and are excellent in uniformity of
film formation and throughput. As for the uniformity of film
formation in particular, it is an object of the present invention
to set a range of variations in film thickness to less than 3%.
[0014] The present invention provides a film formation
apparatus which can realize the uniformity of film formation
even without using a film thickness monitor.

[0015] Since evaporation is performed in a vacuum, there
are problems in that evacuation of a film formation chamber
takes a long time, time required for each step varies from
treatment chamber to treatment chamber, and the like; thus,
designing as an automation process is difficult and improve-
ment in productivity is limited. In particular, evaporation and
stacking of layers each containing an organic compound take
a long time; accordingly, reducing treatment time per sub-
strate is limited. Accordingly, it is another object of the
present invention to reduce treatment time per substrate.
[0016] The present invention provides a film formation
apparatus that eliminates bend of a substrate to obtain uni-
form film thickness on the entire surface of the substrate for a
large substrate having a size of, for example, 320 mmx400
mm, 370 mmx470 mm, 550 mmx650 mm, 600 mmx720 mm,
680 mmx880 mm, 1000 mmx 1200 mm, 1100 mmx1250 mm,
or 1150 mmx1300 mm.

[0017] It is another object of the present invention to pro-
vide a light-emitting device manufactured by using the film
formation apparatus through the film formation method of the
present invention and a method for manufacturing the same.
[0018] Itis a still another object of the present invention to
provide a small-sized film formation apparatus that has a
smaller chamber capacity compared to a conventional evapo-
ration apparatus having a large capacity. Reducing a chamber
capacity realizes a film formation apparatus capable of
responding to increase in the area of a substrate on which a
material layer is to be formed.

[0019] A film formation apparatus of the present invention
includes, in a film formation chamber in which the pressure
can be reduced, at least a plate on which a material layer is
formed, a substrate on which the material layer is to be formed
(formation substrate), and a heat source (e.g., a hot plate, a
flash lamp). The plate on which a material layer is formed and
the formation substrate are disposed to face each other. A
material layer surface and a surface (formation surface) of the
formation substrate, on which the material layer is to be
formed, are set to face each other. Further, the film formation
apparatus of the present invention has a mechanism to adjust
the arrangement so that a distance d between the formation
surface is less than or equal to 100 mm, preferably less than or
equal to 5 mm, on the basis of the distance that does not allow
the material layer surface and the formation surface to be
directly in contact with each other. It is to be noted that the
material layer surface and the formation surface are desirably
disposed parallel to each other.

[0020] The distance d is defined as a distance to the forma-
tion surface on the basis of the average height of film thick-
ness of the material layer formed on the plate in a case where
the material layer surface has unevenness.

[0021] The pressure is reduced in the film formation cham-
ber, the plate is rapidly heated by heat conduction or heat
radiation using the heat source, the material layer on the plate
is evaporated in a short time to be evaporated to the formation
substrate, and then the material layer is formed.
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[0022] In accordance with the present invention, use effi-
ciency of an evaporation material and throughput can be
remarkably improved.

[0023] A mask having openings may be provided between
the plate on which the material layer is formed and the for-
mation substrate. Selective film formation is possible by
using the mask. In particular, in the present invention, because
a distance between the material layer formed on the plate and
the formation substrate is small, expansion of evaporation is
suppressed to prevent evaporation involving an unwanted
material entering through the mask. The evaporation involv-
ing an unwanted material entering through a mask refers to
that film formation is performed in more regions than opening
regions of a mask. In a conventional evaporation apparatus,
the evaporation involving an unwanted material entering
through a mask tends to be caused since a distance between an
evaporation source and a substrate to which the evaporation
source is to be evaporated is as long as 1 m, and thus, it is
difficult to obtain a minute film formation pattern.

[0024] According to one aspect of the present invention
disclosed in this specification, a film formation apparatus that
is a face-down film formation apparatus includes a formation
chamber and a vacuum evacuation treatment chamber to
evacuate the film formation chamber. The film formation
apparatus includes, in the film formation chamber, a heat
source, a first substrate supporting unit over the heat source,
and a second substrate supporting unit at a position where it
faces the first substrate supporting unit. A material layer is
formed on one flat surface of a first substrate set on the first
substrate supporting unit, the first substrate is heated by appli-
cation of heat using the heat source from the other flat surface
of the first substrate, and the material layer is formed on the
lower surface of'a second substrate facing downward opposite
to the first substrate.

[0025] With the above structure, at least one of the prob-
lems can be resolved.

[0026] In addition to the above structure, a cooling unit to
cool the second substrate or a heating unit to heat the second
substrate may be provided. The degree of freedom in stacking
the material layer becomes higher with the cooling unit to
cool the second substrate. For example, organic materials
having different evaporation temperatures can be formed and
stacked on the formation substrate. In addition, a flexible
substrate such as a plastic substrate can be used as the second
substrate with the cooling unit to cool the second substrate.

[0027] The film formation apparatus of the present inven-
tion can be a face-up film formation apparatus. According to
another aspect of the present invention disclosed in this speci-
fication, a film formation apparatus includes a film formation
chamber and an evacuation treatment to evacuate the forma-
tion chamber. The film formation apparatus includes, in the
film formation chamber, a first substrate supporting unit, a
second substrate supporting unit at the position where it faces
the first substrate supporting unit, and a heat source over the
second substrate supporting unit. A material layer is formed
on one flat surface of a second substrate set on the second
substrate supporting unit, the second substrate is heated by
application of heat using the heat source from the other flat
surface of the substrate, and the material layer is formed on an
upper flat surface of the first substrate facing upward opposite
to the second substrate.

[0028] With the above structure, at least one of the prob-
lems can be resolved.
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[0029] In addition to the above structure, a cooling unit to
cool the first substrate or a heating unit capable of heating the
first substrate may be provided. The degree of freedom in
stacking the material layer becomes higher with the cooling
unit to cool the first substrate. For example, organic materials
having different evaporation temperatures can be formed and
stacked on the formation substrate. In addition, a flexible
substrate such as a plastic substrate can be used as the first
substrate with the cooling unit to cool the first substrate.
[0030] When a large-area substrate is used for evaporation
in a conventional face-down system, the center of a substrate
bends due to own weight of the substrate to decrease adhesion
between the substrate and the mask; accordingly, adhesion
differences in the entire substrate surface may cause varia-
tions in a pattern.

[0031] Thus, it is another object of the present invention to
provide a film formation apparatus that eliminates bend of the
formation substrate by disposing the formation substrate in
perpendicular with respect to a horizontal area and a distance
between the formation substrate and the plate is reduced to
less than or equal to 100 mm, preferably less than or equal to
5 mm, to remarkably improve use efficiency of an evaporation
material and throughput.

[0032] According to another aspect of the present invention
disclosed in this specification, a film formation apparatus
including a formation chamber and a vacuum evacuation
treatment chamber of the formation chamber; the film forma-
tion apparatus includes, in the film formation chamber, a heat
source, a transfer unit to transfer the first substrate while
keeping vertical placement of the first substrate, a first sub-
strate supporting unit to support (hold) the first substrate
while keeping the vertical placement, and, between the heat
source and the first substrate, a second substrate supporting
unit to support the second substrate while keeping the vertical
placement. A material layer (a first layer containing a mate-
rial) is formed on one flat surface of a second substrate set on
the second substrate supporting unit, the second substrate is
heated by application of heat using the heat source, and the
material layer (a second layer containing the same material as
the first layer) is formed on a flat surface of the first substrate
that faces the material layer formed on the second substrate.
[0033] With the above structure, at least one of the prob-
lems can be resolved.

[0034] The above described structures each correspond to
an apparatus to realize a method, that is, surface evaporation,
in which an evaporation material layer formed on a plate is
heated using the heat source on a rear surface of the plate to
more than or equal to the evaporation temperature under a
low-pressure atmosphere to be instantly evaporated on a
large-area surface of a formation substrate that faces the plate.
[0035] In the above film formation apparatus, film forma-
tion is possible around the evaporation temperature of the
evaporation material because a distance between the evapo-
ration material layer and the formation substrate is shorter
compared to a conventional evaporation apparatus. It is to be
noted that, in the above film formation apparatus, the tem-
perature is desirably set as high as more than the evaporation
temperature of the evaporation material and less than or equal
to 50° C. In order to relieve influence of radiant heat of the
heat source, the temperature can be set as low as within the
above temperature range (it is to be noted that a temperature
of more than or equal to the evaporation temperature is
required) depending on the distance to the formation sub-
strate or the material or thickness of the formation substrate.
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[0036] Inaddition, in a case of an evaporation material that
is a mixture of two or more materials, heating is desirably
performed with the temperature that is higher than the highest
evaporation temperature of those of the materials. Although,
also in a case of the evaporation material that is a mixture of
two or more materials, the temperature is desirably set as high
as more than the evaporation temperature of the evaporation
material and less than or equal to 50° C., the temperature may
be set as low as within the above temperature range (it is to be
noted that a temperature more than or equal to the highest
evaporation temperature is required) considering the resolu-
tion temperature of the evaporation material having a low
evaporation temperature, the distance to the formation sub-
strate, and the material and thickness of the formation sub-
strate.

[0037] The following substrates can be given as the plate:
an oxide substrate of quartz, ceramic, sapphire, or the like; a
conductive substrate formed using a material such as gold,
platinum, copper, silver, tungsten, tantalum, titanium, or alu-
minum, or an alloy material made of these materials; a sub-
strate obtained by forming the above-mentioned conductive
substrate over the above-mentioned oxide substrate; and the
like. In addition, a conductive substrate formed using a semi-
conductor material such as silicon or germanium can be used
as the plate. Alternatively, a light transmitting substrate (e.g.,
a glass substrate, a quartz substrate, or a plastic substrate
containing an inorganic material) over which an amorphous
silicon film or a microcrystalline silicon film is formed may
be used as the plate. A flash lamp or the like can uniformly
heat the material layer on the plate, because light is efficiently
absorbed.

[0038] For a material to be formed on the plate, the follow-
ing materials can be given: a film formation material obtained
by evaporation, sputtering, spin coating, printing, ink jetting,
spraying, dropping, dispensing, or the like; high molecular
materials containing the film formation material; and the
inorganic material containing the film formation material.

[0039] A conductive material layer formed on the conduc-
tive substrate or a conductive material layer on an oxide
substrate may be selectively removed to be patterned as the
plate on which the material layer is formed. When the mate-
rial layer obtained by evaporation, sputtering, spin coating,
printing, ink jetting, spraying, dropping, dispensing, or the
like is formed on this pattered plate, only predetermined part
of the first material is intensively heated to realize selective
film formation. For this case, the distance to the formation
substrate is desirably short.

[0040] As well as the above-described structures, an align-
ment unit to align the mask and the substrate may be provided
in the film formation chamber to perform film formation with
high alignment accuracy. In addition, as well as the above-
described structures, a distance adjusting unit to adjust a
distance between the substrates may be provided in the film
formation chamber. For the distance adjusting unit, a cylin-
der, a linkage mechanism, a cam mechanism, or the like is
used.

[0041] Patent document 1 discloses the technique in which
heat is applied by a plurality of heat bars. However, in the
technology, the substrate is partially heated and the heated
region is belt-shaped having a shorter width than one side of
the substrate; thus, a heat range is greatly different from the
scope of the present invention. Also in the technology, as film
formation process of one transparent substrate, evaporation in
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which the transparent substrate and an organic EL transfer
substrate are slid to be aligned and heat is again applied by the
heat bars is repeated.

[0042] In accordance with the present invention, a large
area of the substrate is heated uniformly and one substrate is
heated by one application of heat for film formation process.
Itis needless to say that the alignment is performed only once;
consequently, film formation time can be extremely reduced.
Furthermore, the plate area can be increased; in this case, film
formation can be performed in a short time with a plurality of
formation substrates that face the large area plate arranged. In
addition, in the case of increasing the plate area, the heated
range is accordingly increased.

[0043] Moreover, Patent Document 2 discloses the tech-
nique in which a donor sheet having a chromogenic organic
donor layer and a substrate that are in contact with each other
are irradiated with radiant ray to form an organic material
layer. This technology and the present invention are largely
different because, in the film formation apparatus of the
present invention, the surfaces that are face each other has a
distance so as not to be in contact with each other.

[0044] The present invention also discloses novel film for-
mation methods. According to one method of the film forma-
tion methods, a material layer is coated onto one surface of a
first substrate, one surface of a second substrate is disposed so
as to face one surface of the first substrate, the other surface of
the first substrate is heated, and the material layer is formed on
the other surface of the second substrate. It is to be noted that
aheated area through one film formation process is about the
same as the area of the first substrate.

[0045] Further, according to another method of the film
formation methods, a material layer is selectively formed on
one surface of a first substrate, one surface of a second sub-
strate is disposed so as to face one surface of the first sub-
strate, the other surface of the first substrate is heated, and the
material layer is formed on the other surface of the second
substrate. It is to be noted that a heated area through one film
formation process is about the same as the area of the first
substrate.

[0046] Further, according to still another method of the film
formation methods, a thermal conductive layer is selectively
formed on one surface of a first substrate, one surface of a
second substrate is disposed so as to face one surface of the
first substrate, the other surface of the first substrate is heated,
and the material layer is selectively formed on the other
surface of the second substrate. It is to be noted that a heated
area through one film formation process is about the same as
the area of the first substrate.

[0047] Inthe above film formation methods, the heat source
has a larger area than one surface of the first substrate; thus, a
material layer having a larger area can be formed in a short
time. In these film formation methods, the other surface of the
first substrate is heated by a method in which the heat source
is approached or by using a lamp.

[0048] The present invention further provides novel
method for manufacturing a light-emitting device. According
to this method, a layer containing an organic compound is
formed on one surface of a first substrate; a heat source is
heated; a second substrate having one surface facing the heat
source, provided with a first electrode, is retained; the other
surface of the first substrate is heated to vaporize the layer
containing an organic compound; the material layer contain-
ing an organic compound is formed on the first electrode; and
a second electrode is formed on the material layer containing
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an organic compound. This method enables manufacture of
the light-emitting device in a short time.

[0049] Inthe above method for manufacturing a light-emit-
ting device, the second electrode can also be formed by using
the film formation apparatus of the present invention. In this
case, a layer containing a conductive material is selectively
formed on one surface of a third substrate; the heat source is
heated; the second substrate having one surface facing the
heat source, provided with a stack of the first electrode and the
material layer containing an organic compound, is retained;
the other surface of the second substrate is heated to vaporize
the layer containing a conductive material; and the second
electrode is formed on the material layer containing an
organic compound. This method enables manufacture of the
light-emitting device in a short time.

[0050] The film formation apparatus and the film formation
method disclosed in this specification are not limited to
manufacture of light-emitting devices but applied to forma-
tion of various films. For example, pentacene to serve as an
active layer of an organic transistor can be formed in a short
time.

[0051] According to the present invention, improvement in
use efficiency of a material can reduce manufacturing cost.
One film formation requires one exchange of an evaporation
source (plate), and only the needed quantity of material is
prepared on the formation substrate; thus, less waste is
obtained. In addition, time for film formation process can be
greatly shortened. Moreover, the first substrate (plate) can be
reused.

[0052] Furthermore, a distance between the formation sub-
strate and the plate is shortened to less than or equal to 100
mm, preferably, less than or equal to 5 mm, so that scattering
of'a material in a vacuum chamber can be suppressed. There-
fore, the interval of maintenance such as cleaning of a film
formation chamber can be lengthened.

BRIEF DESCRIPTION OF DRAWINGS

[0053] Inthe accompanying drawings:

[0054] FIGS.1Ato 1C are views illustrating a cross-section
of a film formation apparatus;

[0055] FIGS. 2A and 2B are views illustrating a cross-
section of a film formation apparatus;

[0056] FIGS. 3A and 3B are views illustrating a cross-
section of a film formation apparatus;

[0057] FIG. 4 is a view illustrating a cross-section of a film
formation apparatus;

[0058] FIGS. 5A and 5B are perspective views illustrating
a film formation process;

[0059] FIGS. 6A to 6C are perspective views illustrating a
film formation process;

[0060] FIGS. 7A to 7D are perspective views illustrating a
film formation process;

[0061] FIG. 8 is a top view illustrating a manufacturing
apparatus;
[0062] FIG. 9is a cross-sectional view illustrating a manu-

facturing apparatus;

[0063] FIG. 10 is a cross-sectional view illustrating a film
formation chamber;

[0064] FIG. 11A is a top view of a passive matrix light-
emitting device, and FIGS. 11B and 11C are cross-sectional
views of a passive matrix light-emitting device;

[0065] FIG. 12 is a perspective view of a passive matrix
light-emitting device;
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[0066] FIG. 13 is a top view of a passive matrix light-
emitting device;
[0067] FIGS.14A and 14B are views illustrating a structure

of a light-emitting device;

[0068] FIGS.15A to 15E are views illustrating examples of
electronic appliances;

[0069] FIGS. 16A and 16B are views illustrating examples
of a film formation apparatus;

[0070] FIG. 17 is a view illustrating an example of a film
formation apparatus; and

[0071] FIG. 18 is a graph illustrating film thickness distri-
bution from an edge of a film formation pattern.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0072] Embodiment modes of the present invention will be
described below.

Embodiment Mode 1

[0073] A procedure of film formation will be described
with reference to FIGS. 1A to 1C that are schematic cross-
sectional views of a film formation apparatus of the present
invention.

[0074] In FIG. 1A, a film formation chamber 101 is a
vacuum chamber and connected to other treatment chambers
through a first gate valve 102 and a second gate valve 103. In
the film formation chamber 101, at least, a plate supporting
mechanism which is a first substrate supporting unit 104, a
supporting mechanism of a substrate on which a material
layer 108 is to be formed (formation substrate), which is a
second substrate supporting unit 105, and a heater capable of
vertical movement as a heat source 106 are included.

[0075] First, in the other film formation chamber, a material
layer 108 is formed on a plate that is a first substrate 107.
Here, a flat square plate is used for the first substrate 107 and
amaterial that can be evaporated is used for the material layer
108. In addition, for the first substrate 107, there is no par-
ticular limitation on its shape as long as it has the area of more
than or equal to that of the formation substrate. Also, there is
no particular limitation on a method for forming the material
layer 108, so that evaporation, sputtering, spin coating, print-
ing, ink jetting, or the like is used; above all, spin coating
capable of film formation with high uniformity is preferable.
In a case of employing spin coating, however, film formation
may partially be performed on an end surface or a rear surface
of the first substrate 107; therefore, the periphery of the first
substrate 107 is desirably wiped with a cloth soaked with
acetone to remove the material layer 108 in the periphery of
the first substrate 107.

[0076] Subsequently, the first substrate 107 is transferred
from the other film formation chamber to the film formation
chamber 101 to be set on the plate supporting mechanism.
The second substrate 109 is fixed to the substrate supporting
mechanism so that the surface of the first substrate 107, on
which the material layer 108 is formed, faces a surface of the
second substrate 109, on which the material layer 108 is to be
formed (formation surface). FIG. 1A illustrates a cross-sec-
tional view at this stage and a reference numeral D denotes a
distance between the first substrate 107 and the second sub-
strate 109. As illustrated in FIG. 1A, this structure shows an
example of a face-down system because the formation sur-
face of the substrate faces downward.
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[0077] Subsequently, as illustrated in, FIG. 1B, the second
substrate supporting unit 105 is moved so that the distance D
between the first substrate 107 and the second substrate 109 is
reduced to be a distance d. Here, the distance d is set to 2 mm.
If the second substrate 109 is hard like a quartz substrate and
formed using a material that is not almost transformed (e.g.,
wrapped or bent), the second substrate supporting unit 105
can be moved until the distance d becomes 0.1 mm which is
the lower limit. Further, in a case where an electrostatic chuck
is used to prevent the substrate from wrapping and bending,
the lower limit of the distance d can be set to 0.01 mm even if
either a glass substrate or a quartz substrate is used. Although
FIG. 1B illustrates an example in which the substrate sup-
porting mechanism is moved with the plate supporting
mechanism fixed, the plate supporting mechanism may be
moved with the substrate supporting mechanism fixed. Alter-
natively, both the plate supporting mechanism and the sub-
strate supporting mechanism may be moved to adjust the
distance d.

[0078] The plate supporting mechanism and the substrate
supporting mechanism may have a mechanism capable of not
only vertical movement but also moving in a horizontal direc-
tion, and may have a structure for precise alignment. In addi-
tion, the film formation chamber 101 may include an align-
ment unit such as CCD for precise alignment or measurement
of'the distance d. In addition, a sensor to measure temperature
or humidity in the film formation chamber 101 may be pro-
vided.

[0079] Subsequently, the heat source 106 is approached to
the plate while retaining the distance d as illustrated in FIG.
1C. It is to be noted that the heat source 106 and the plate are
desirably in contact with each other with a large area for
uniform heating. In FIG. 1C, the heater capable of vertical
movement under the plate is used. Although the heater is
basically set to become constant at a predetermined tempera-
ture, the temperature may be controlled so that the tempera-
ture is raised or lowered in the range in which the takt time is
not affected.

[0080] When the heat source 106 is approached to the plate,
the material layer 108 on the plate is heated in a short time by
direct thermal conduction to be evaporated, and then an
evaporation material is formed on the formation surface (i.e.,
lower flat surface) of the second substrate 109 that is disposed
to face the material layer 108. Film thickness uniformity of
the film formation on the lower flat surface of the second
substrate 109 can be set to less than 3%. When the material
layer 108 is obtained on the first substrate 107 with a uniform
film thickness beforehand in the film formation apparatus
illustrated in FIG. 1C, film formation with high uniformity is
possible on the second substrate 109 without using a film
thickness monitor. Furthermore, the film formation is per-
formed with the formation substrate stopped in the film for-
mation apparatus illustrated in FIG. 1C while the formation
substrate is rotated in a conventional evaporation apparatus;
therefore, this film formation apparatus is suitable for film
formation on a large-area glass substrate that is easy to be
broken. In the film formation apparatus illustrated in FIG. 1C,
the plate is also stopped during film formation.

[0081] In FIGS. 1A and 1B, the heat source 106 (heater)
and the first substrate 107 (plate) may retain a long distance
therebetween in order to relieve thermal effects that radiation
of the heat source (heater) 106 has on the material layer 108
on the first substrate 107 (plate) at the time of waiting.
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[0082] In the film formation apparatus illustrated in FIG.
1A, the capacity of the chamber can be greatly reduced in
comparison with a conventional evaporation apparatus. An
opening and shutting shutter for heat insulation may be pro-
vided between the heat source 106 and the first substrate 107
(plate) in order to reduce the capacity of the chamber.
[0083] Theheatsource 106 may be a heating unit capable of
uniform heating in a short time without being limited to a
heater. For example, a lamp 110 may be provided as illus-
trated in FIG. 2A. It is to be noted that, in FIG. 2A, explana-
tion will be made using the same reference numerals for the
portions that are common to those in FIG. 1C. In an example
illustrated in FIG. 2A, the lamp 110 is fixed under the first
substrate 107, and, immediately after the lamp 110 is lit, the
film formation is performed on the lower flat surface of the
second substrate 109.

[0084] A discharge lamp such as a flash lamp (e.g., a xenon
flash lamp and akrypton flash lamp), a xenon lamp, or a metal
halide lamp; or an exothermic lamp such as a halogen lamp or
a tungsten lamp can be used as the lamp 110. By the flash
lamp, emission with extremely high intensity is repeated in a
short time (0.1 to 10 msec) and emission in a large area is
possible; thus, uniform and efficient heating is possible
regardless of the area of the first substrate 107. In addition, the
flash lamp can control heating of the first substrate 107 by
changing the interval of emission time. In addition, the run-
ning cost can be suppressed because of a long life and low
power consumption at the time of waiting for light emission
of the flash lamp. In addition, immediate heating is easy by
using the flash lamp to eliminate a vertical mechanism, a
shutter, or the like in a case of using the heater. Thus, the film
formation apparatus can be further miniaturized. However, a
mechanism may be employed in which the flash lamp can
vertically move for adjustment of the heating temperature
depending on a material of the plate.

[0085] Although an example in which the lamp 110 is dis-
posed inside of the film formation chamber 101 is illustrated
in FIG. 2A, the lamp 110 may be disposed outside of the film
formation chamber 101 with a light-transmitting member
used for part of an inner wall of the film formation chamber
101. If the lamp 110 is disposed outside of the film formation
chamber 101, maintenance such as exchange of a light valve
of the lamp 110 can be simplified.

[0086] FIG. 2B illustrates an example of a film formation
apparatus having a mechanism to control the temperature of
the second substrate 109. In FIG. 2B, explanation will be
made using the same reference numerals for the portions that
are common to those in FIG. 1C. In FIG. 2B, a tube 111 by
which a refrigerant flows to the second substrate supporting
unit 105 is provided. The second substrate supporting unit
105 can be a cold plate by the tube 111 by which a refrigerant
flows. The tube 111 has a mechanism in which it can follow
the vertical movement ofthe second substrate supporting unit
105. It is to be noted that, although an example of the tube 111
by which a refrigerant gas or a liquid refrigerant flows is
illustrated here, the second substrate supporting unit 105 may
be provided with a peltiert element or the like as a cooling
unit.

[0087] The film formation apparatus of FIG. 2B is useful
for stacking evaporation films formed of material layers each
having different evaporation temperatures. For example, in a
case where a material layer having a first evaporation tem-
perature has been formed of on the second substrate 109
beforehand, a material layer having a second evaporation
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temperature that is higher than the first evaporation tempera-
ture can be stacked thereon. In FIG. 1C, because the second
substrate 109 and the first substrate 107 are close to each
other, there is a possibility in that the material layer having the
first evaporation temperature that has been formed on the
second substrate 109 evaporates. However, when the film
formation apparatus of FIG. 2B is employed, the material
layer having the second evaporation temperature can be
stacked while evaporation of the material layer having the
first evaporation temperature that has been formed on the
second substrate 109 is suppressed using the cooling unit.

[0088] Inaddition, the substrate supporting unit 105 may be
provided with a heating unit such as a heater, as well as the
cooling unit. A unit to adjust the temperature (to heat or to
cool) of the second substrate 109 can prevent the substrate
from wrapping.

[0089] A plurality of film formation apparatuses described
in this embodiment mode can be provided to form a multi-
chamber manufacturing apparatus. It is needless to say that
film formation apparatuses of other film formation methods
can be combined therewith. Alternatively, a plurality of film
formation apparatuses described in this embodiment mode
can be disposed in series to form an in-line manufacturing
apparatus.

Embodiment Mode 2

[0090] Although an example of a face-down film formation
apparatus is described in Embodiment Mode 1, here, an
example of a face-up film formation apparatus will be
described using FIG. 3A.

[0091] In FIG. 3A, a film formation chamber 201 is a
vacuum chamber and connected to other treatment chambers
through a first gate valve 202 and a second gate valve 203. In
the film formation chamber 201, at least, a supporting unit of
a substrate on which a material layer 208 is to be formed
(formation substrate), which is a first substrate supporting
unit 205, a plate supporting unit which is a second substrate
supporting unit 204, and a heater capable of vertical move-
ment as a heat source 206 are included.

[0092] Asthe procedure of film formation, first, in the other
film formation chamber, a material layer 208 is formed on a
plate that is a second substrate 207. For a second substrate
207, there is no particular limitation on its shape as long as it
has the area of more than or equal to that of the formation
substrate. Also, there is no particular limitation on a method
for forming the material layer 208, so that evaporation, spin
coating, printing, ink jetting, or the like is used; above all, spin
coating capable of film formation with high uniformity is
preferable.

[0093] Subsequently, the second substrate 207 is trans-
ferred from the other film formation chamber to the film
formation chamber 201 to be set on the plate supporting
mechanism. The first substrate 209 is fixed to the substrate
supporting mechanism so that a surface of the second sub-
strate 207, on which the material layer 208 is formed, faces a
surface of the first substrate 209, on which the material layer
208 is to be formed (formation surface). As illustrated in FIG.
3A, this structure shows an example of a face-up system
because the formation surface of the substrate faces upward.
In a case of the face-up system, bend of a substrate can be
prevented by putting a large-area glass substrate that tends to
bend on a flat base or by supporting it with a plurality of pins
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to realize a film formation apparatus in which uniform film
thickness can be obtained on the entire surface of the sub-
strate.

[0094] Subsequently, the first substrate supporting unit 205
is moved so that the distance D between the second substrate
207 and the first substrate 209 is reduced to be a distance d.
Here, the distance d is set to 5 mm. Although an example is
described in which the substrate supporting mechanism is
moved with the plate supporting mechanism fixed, the plate
supporting mechanism may be moved with the substrate sup-
porting mechanism fixed. Alternatively, both the plate sup-
porting mechanism and the substrate supporting mechanism
may be moved to adjust the distance d.

[0095] Subsequently, the heat source 206 is approached to
be in contact with the plate while retaining the distance d as
illustrated in FIG. 3A. It is to be noted that the heat source 206
and the plate are desirably in contact with each other with a
large area for uniform heating. In FIG. 3A, the heater capable
of vertical movement over the plate is used.

[0096] When the heatsource 206 is approached to the plate,
the material layer 208 on the plate is heated in a short time by
direct heat conduction to be evaporated, and then an evapo-
ration material is formed on the formation surface (i.e., an
upper flat surface) of the first substrate 209 that is disposed to
face the material layer 208. Film thickness uniformity of the
film formation on the upper flat surface of the first substrate
209 can be set to less than 3%. Furthermore, it is possible to
realize a compact film formation apparatus of which the
capacity is largely smaller in comparison with a conventional
evaporation apparatus having a large-capacity chamber.
[0097] Theheatsource 206 may be a heating unit capable of
uniform heating in a short time without being limited to a
heater. For example, a lamp 210 may be provided as illus-
trated in FIG. 3B. It is to be noted that, in FIG. 3B, explanation
will be made using the same reference numerals for the por-
tions that are common to those in FIG. 3A. In an example
illustrated in FIG. 3B, the lamp 210 is provided over the
second substrate 207 to be fixed and, immediately after it is
lit, film formation is performed on the upper flat surface of the
first substrate 209.

[0098] A plurality of film formation apparatuses described
in this embodiment mode can be provided to form a multi-
chamber manufacturing apparatus. It is needless to say that a
film formation apparatus using other film formation methods
can be combined therewith. Alternatively, a plurality of film
formation apparatuses described in this embodiment mode
can be disposed in series to form an in-line manufacturing
apparatus.

[0099] The film formation apparatus described in this
embodiment mode has the same structure as that of Embodi-
ment Mode 1 except for employing the face-up system;
accordingly, this embodiment mode can be freely combined
with Embodiment Mode 1.

Embodiment Mode 3

[0100] Although an example of the face-down film forma-
tion apparatus is described in Embodiment Mode 1, here, an
example of a film formation apparatus employing vertical
placement of a substrate will be illustrated in FIG. 4.

[0101] InFIG.4,afilm formation chamber 301 is a vacuum
chamber. In the film formation chamber 301, at least, a plate
supporting unit which is a first substrate supporting unit 304,
a supporting unit of a substrate on which a material layer 308
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is to be formed (formation substrate), which is a second
substrate supporting mechanism 305, and a lamp 310 as a heat
source are included.

[0102] Although not illustrated, the film formation cham-
ber 301 is connected to a first transfer chamber to transfer the
formation substrate while keeping vertical placement thereof
and to a second transfer chamber to which a plate is trans-
ferred while keeping vertical placement thereof. It is to be
noted that, in this specification, vertical placement of a sub-
strate refers to placement of a substrate so that a substrate
surface makes a certain angle (70° to 100°) nearly perpen-
dicular with respect to a horizontal surface. Because a large-
area glass substrate is easy to bend, it is desirably placed
vertically to be transferred.

[0103] The lamp 310 is more suitable than a heater as the
heat source for heating a large-area glass substrate.

[0104] Asthe procedure of film formation, first, in the other
film formation chamber, a material layer 308 is formed on one
surface of the plate that is a first substrate 307.

[0105] Subsequently, the first substrate 307 is transferred
from the other film formation chamber to the film formation
chamber 301 to be set on the plate supporting mechanism.
The second substrate 309 is fixed to the substrate supporting
mechanism so that a surface of the first substrate 307, on
which the material layer 308 is formed, faces a surface of the
second substrate 309, on which the material layer 308 is to be
formed (formation surface).

[0106] Subsequently, light is emitted from the lamp 310 to
rapidly heat the plate while retaining the distance d as illus-
trated in FIG. 4. When the plate is rapidly heated, the material
layer 308 on the plate is heated in a short time by indirect heat
conduction to be evaporated, and then an evaporation mate-
rial is formed on the formation surface of the second substrate
309 that is disposed to face the material layer 308. Film
thickness uniformity of the film formation on a flat surface of
the second substrate 309 can be set to less than 3%. Further-
more, it is possible to realize the compact film formation
apparatus of which the capacity is extremely small in com-
parison with a conventional evaporation apparatus having a
large-capacity chamber.

[0107] A plurality of film formation apparatuses described
in this embodiment mode can be disposed in series to form an
in-line manufacturing apparatus. It is needless to say that a
film formation apparatuses of other film formation methods
can be combined therewith.

[0108] The film formation apparatuses described in this
embodiment mode has the same structure as that of Embodi-
ment Mode 1 except for employing vertical placement of a
substrate; accordingly, this embodiment mode can be freely
combined with Embodiment Mode 1.

Embodiment Mode 4

[0109] Inthis embodiment mode, explanation will be made
with reference to perspective views illustrated in FIGS. 5A
and 5B.

[0110] FIG. 5A is a perspective view illustrating part of the
face-down film formation apparatus as illustrated in FIG. 1C.
FIG. 5A illustrates that a first material layer 408 is formed on
a first substrate 407 just before film formation and immedi-
ately after a flat board heat source 406 having a larger area
than the first substrate 407 becomes in contact with the first
substrate 407. In addition, a second substrate 409 disposed to
face downward to overlap the first substrate 407 with a dis-
tance d therebetween is illustrated.
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[0111] In addition, FIG. 5B illustrates that a second mate-
rial layer 400 is formed, immediately after the film formation,
on the lower surface of the second substrate 409 by evapora-
tion of the first material layer 408. By using the film formation
apparatus described in Embodiment Mode 1, a film having
the same area as the first substrate 407 can be formed on the
second substrate 409 in a short time in this manner.

[0112] Although FIGS. 5A and 5B illustrate examples in
which the film having the same area as the substrate is formed,
selective film formation is possible using the film formation
apparatus described in Embodiment Mode 1.

[0113] FIGS. 6A to 6C each illustrate a method of selective
film formation. FIG. 6A illustrates that a first material layer
508 is selectively formed on the first substrate 407 by ink
jetting before introduction into the film formation chamber of
Embodiment Mode 1. FIG. 6A illustrates that a linear pattern
is formed by a head 413 of an ink-jet printer on the first
material layer 508.

[0114] FIG. 6B illustrates that the first substrate 407 on
which the first material layer 508 is formed is disposed on the
flat board heat source 406 just before the film formation. FIG.
6B also illustrates that the second substrate 409 is disposed to
face downward to overlap the first substrate 407 with a dis-
tance d therebetween.

[0115] FIG. 6C illustrates that the second material layer
500 is formed, just after the film formation, on the lower
surface of the second substrate 409 by evaporation of the first
material layer 508. By using the film formation apparatus
described in Embodiment Mode 1, a desired pattern can be
formed on the second substrate 409 in a short time in this
manner without using an evaporation mask.

[0116] FIGS.7A to 7D are perspective views each illustrat-
ing that a pattern of a material layer is selectively formed with
the use of a pattern of a thermal conductive layer that is
selectively formed.

[0117] FIG. 7A illustrates that a thermal conductive layer
518 is selectively formed on a first substrate 507 by ink jetting
before introduction into the film formation chamber of
Embodiment Mode 1.

[0118] FIG. 7B illustrates that a first material layer 519 is
formed to cover the thermal conductive layer 518.

[0119] FIG. 7C illustrates that the first substrate 507 on
which the first material layer. 519 is formed is disposed on the
flat board heat source 506 just before the film formation. FIG.
7C also illustrates that the second substrate 509 is disposed to
face downward to overlap the first substrate 507 with a dis-
tance d therebetween.

[0120] FIG. 7D illustrates that a second material layer 520
is formed, immediately after the film formation, on the lower
surface of the second substrate 509 in such a manner that the
thermal conductive layer 518 is instantly heated and the first
material layer 519 is partially evaporated. The first material
layer 519 partially remains on the first substrate 507 after the
film formation. By using the film formation apparatus
described in Embodiment Mode 1, a desired pattern can be
formed on the second substrate 509 in a short time without
using an evaporation mask.

[0121] This embodiment mode can be applied not only to
Embodiment Mode 1 but also to Embodiment Mode 2 or 3.
[0122] InEmbodiments described below, the present inven-
tion formed of the above-mentioned structures will be further
described in detail.
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Embodiment 1

[0123] FIG. 8 and FIG. 9 illustrate an example of an auto-
mated multi-chamber manufacturing apparatus.

[0124] FIG. 8 is a top plan view of the multi-chamber
manufacturing apparatus. FIG. 9 corresponds to a cross sec-
tion taken along a dashed line A-B.

[0125] First, an arrangement in the manufacturing appara-
tus is described with reference to FIG. 8. A first load chamber
701 in which a first substrate 720 (also referred to as a plate)
is set is connected to a first film formation chamber 702. The
first film formation chamber 702 is connected to a first stock
chamber 705 through a first gate valve 703, and to a second
stock chamber 706 through a second gate valve 704. The first
stock chamber 705 is connected to a transfer chamber 709
through a third gate valve 707. The second stock chamber 706
is connected to the transfer chamber 709 through a fourth gate
valve 708.

[0126] Inthe first film formation chamber 702, itis possible
to form an environment such as an atmosphere in which the
number of ozone is controlled as needed or a nitrogen atmo-
sphere in which the oxygen density and the dew point are
controlled. Further, a hot plate or an oven is included for
drying or the like after coating. The first film formation cham-
ber 702 desirably has a function of surface cleaning or of
improvement in wettability with a UV lamp or the like if
needed. The first film formation chamber 702 is a film for-
mation apparatus for film formation on the plate in the atmo-
spheric pressure environment, and the first stock chamber 705
is a chamber to store the plate formed in the atmospheric
pressure environment as well as to deliver it to a second film
formation chamber 712 that is evacuated to a vacuum. In such
a structure, evacuation is necessary each time after process of
the predetermined number of plates. In other words, time
taken for vent and exhaust of the first stock chamber 705
directly affects throughput of the manufacturing apparatus.
Accordingly, as illustrated in FIG. 8, two transfer courses are
provided. The two transfer courses enable efficient processes
of a plurality of substrates to reduce process time per sub-
strate. For example, while the first stock chamber 705 is
vented and exhausted, the second stock chamber 706 can
store the plate formed in the first film formation chamber 702.
Moreover, the present invention is not limited to the two
transfer courses and three or more transfer courses may be
provided.

[0127] Thetransfer chamber 709 is connected to the second
film formation chamber 712 through a fitth gate valve 710. A
second load chamber 711 in which a second substrate 729 is
set is connected to the second film formation chamber 712
through a fifth gate valve 713. The second film formation
chamber 712 is connected to an unload chamber 715 through
a sixth gate valve 714.

[0128] Hereinafter, a procedure will be described in which
the plate that is the first substrate 720 is transferred into the
manufacturing apparatus, and the second substrate 739 pro-
vided with a thin film transistor, an anode (first electrode), and
an insulator to cover an end of the anode is transferred before-
hand into the manufacturing apparatus illustrated in FIG. 8 to
manufacture a light-emitting device.

[0129] First, the plate that is the first substrate 720 is set in
the first load chamber 701. A cassette 716 storing a plurality
of plates is made to be provided.

[0130] Subsequently, the plate is transferred onto a stage
718 in the first film formation chamber 702 by a transfer robot
717. In the first film formation chamber 702, a material layer
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721 is formed on the plate by a coating apparatus using spin
coating. It is to be noted that the present invention is not
limited to the coating apparatus using spin coating and a
coating apparatus using spraying, ink jetting, or the like can
be used. Furthermore, the plate surface is subjected to UV
treatment if necessary. If baking is needed, a hot plate 722 is
used. FIG. 9 illustrates a state in the first film formation
chamber 702 as a cross section in which a material solution is
dropped from a nozzle 719 and the material layer 721 is
formed on the plate 720 that is disposed on the stage 718.
Here, a material solution obtained by dispersing a light-emit-
ting organic material in a high polymer material is dropped
and baked to form the material layer 721.

[0131] Subsequently, the plate is transferred to the first
stock chamber 705 by a transfer robot 723 with the second
gate valve 703 opened. After the transfer, the pressure in the
first stock chamber 705 is reduced. As illustrated in F1G. 9, a
structure is desirable in which a plurality of plates can be
stored in the first stock chamber 705, here, in particular, a
plate stock holder 724 capable of vertical movement. More-
over, a mechanism may be provided in which plate can be
heated in the first stock chamber 705. The first stock chamber
705 is connected to a vacuum evacuation treatment chamber.
After the evacuation, an inert gas is desirably introduced to
the first stock chamber 705 to obtain the atmospheric pres-
sure.

[0132] Next, after the pressure in the first stock chamber
705 is reduced, the plate is transferred to the transfer chamber
709 with the third gate valve 707 opened and then transferred
to the second film formation chamber 712 with the fifth gate
valve 710 opened. The transfer chamber 709 is connected to
the vacuum evacuation treatment chamber, and evacuation in
advance to maintain a vacuum is desirable so that moisture or
oxygen does not enter the transfer chamber 709 as much as
possible. The plate is transferred by a transfer robot 725
provided in the transfer chamber 709.

[0133] Through the procedure so far, the plate on which the
material layer 721 is formed is set in the second film forma-
tion chamber 712. Then, the procedure is described in which
the second substrate 739 that is in advance provided with the
thin film transistor, the anode (first electrode), and the insu-
lator that covers an end of the anode is set in the film forma-
tion chamber 712 at the same time. First, the cassette 726
storing a plurality of second substrates 739 is set in the second
load chamber 711. The second load chamber 711 is connected
to the vacuum evacuation treatment chamber; after the evacu-
ation, the second substrate 739 is transferred to the second
film formation chamber 712 by a transfer robot 727 with the
fifth gate valve 713 opened.

[0134] Through the above procedure, the plate 720 and the
second substrate 739 are set in the second film formation
chamber 712. The second film formation chamber 712 corre-
sponds to the film formation apparatus described in Embodi-
ment Mode 1.

[0135] In the film formation chamber 712, at least, a plate
supporting base 734 which is a first substrate supporting unit,
a second substrate supporting base 735 which is a second
substrate supporting unit, and a heater capable of vertical
movement as a heat source 736 are included. In addition, a
mask 733 for selective film formation is disposed to overlap
the second substrate 739. The mask 733 and the second sub-
strate 739 are desirably aligned in advance.

[0136] The surface on which the material layer 721 is
formed of the plate 720 is fixed on the substrate supporting
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mechanism to face a surface of the second substrate 739, on
which the material layer 721 is to be formed (formation
substrate). Next, the substrate supporting mechanism is
moved until a distance between the material layer 721 and the
second substrate 739 is reduced to be a distance d. The dis-
tance d is set to less than or equal to 100 mm, preferably less
than or equal to 5 mm. It is to be noted, because the second
substrate 739 is a glass substrate, a lower limit of the distance
dis 0.5 mm in consideration of bend thereof. Further, in a case
where an electrostatic chuck is used to prevent the substrate
from wrapping and bending, the lower limit of the distance d
can be set to 0.01 mm even if either a glass substrate or a
quartz substrate is used. Because the mask 733 is interposed
in this embodiment, the distance d is set to 5 mm. This
distance d is determined so that the mask 733 and the second
substrate 739 are at least not in contact with each other. The
shorter the distance d is, the more expansion of evaporation
can be suppressed to prevent evaporation involving an
unwanted material entering through a mask.

[0137] Subsequently, as illustrated in FIG. 9, the heat
source 736 is approached to the plate 720 while retaining the
distance d. A heater capable of vertical movement under the
plate is used as the heat source 736. Although the heater is
basically set to become constant at a predetermined tempera-
ture, the temperature may be controlled so that the tempera-
ture is raised or lowered in the range in which the takt time is
not affected.

[0138] When the heat source 736 is approached to the plate
720, the material layer 721 on the plate is heated in a short
time by direct heat conduction to be evaporated, and then an
evaporation material is formed on the formation surface (i.e.,
lower flat surface) of the second substrate 739 that is disposed
to face the material layer 721. In addition, film thickness
uniformity of the film formation on the lower flat surface of
the second substrate 739 can be set to less than 3%.

[0139] Accordingly, a light-emitting layer can be formed
on the anode (first electrode) on the second substrate 739.
Before the light-emitting layer is formed, a hole injecting
layer or a hole transporting layer may be similarly formed in
the second film formation chamber 712 to be stacked. After
the light-emitting layer is formed, an electron transporting
layer or an electron injecting layer may be similarly formed in
the second film formation chamber 712 to be stacked. Fur-
thermore, after the light-emitting layer is formed, a cathode
(second electrode) is similarly formed through film formation
in the second film formation chamber 712 to be stacked.
Through the above-mentioned process, a light-emitting ele-
ment including, at least, the thin film transistor, the anode
(first electrode), and the cathode (second electrode) can be
manufactured on the second substrate 739.

[0140] For efficient manufacture of the light-emitting
device, plates on which a plurality of different material layers
are formed may be stored in the plate stock holder 724, and
the plate may be sequentially exchanged to be stacked with
the second substrate 739 set on the second substrate support-
ing base 735. For example, the following plates may be pre-
pared so that the plate to be set in the second film formation
chamber 712 is sequentially exchanged to be stacked: a first
plate on which a material layer to serve as a hole injecting
layer is formed, a second plate on which a material layer to
serve as a hole transporting layer is formed, a third plate on
which a material layer to serve as a light-emitting layer is
formed, a fourth plate on which a material layer to serve as an
electron transporting layer is formed, a fifth plate on which a
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material layer to serve as an electron injecting layer is formed,
and a sixth plate on which an aluminum layer to serve as the
cathode is formed. Even if different material layers are
formed in the same film formation chamber in this manner,
expansion of the evaporation can be suppressed because of
the short distance d to prevent mixture of the materials of the
material layers.

[0141] In addition, for manufacture of a full color light-
emitting device, the following plates may be prepared so that
the plate to be set in the second film formation chamber 712
is sequentially exchanged to be stacked: a first plate on which
a red light-emitting layer is formed, a second plate on which
a blue light-emitting layer is formed, and a third plate on
which a green light-emitting layer is formed. It is to be noted
that the mask 733 need to be exchanged. Even if different
light-emitting layers are formed in the same film formation
chamber in this manner, expansion of the evaporation can be
suppressed because of the short distance d to prevent mixture
of the materials of the light-emitting layers, and accordingly
color purities of each light-emitting element can be obtained.
[0142] After film formation on the second substrate 739
was completed, the second substrate 739 is transferred to the
unload chamber 715 with the sixth gate valve 714 opened.
The unload chamber 715 is also connected to the vacuum
evacuation treatment chamber. In the unload chamber 715,
the pressure is reduced by the time the second substrate 739 is
transferred. The second substrate 739 is stored in a cassette
730 by using a transfer robot 728. It is to be noted that the
second substrate 739 is set in the cassette 730 so that the
formation surface faces downward to prevent adhesion of
impurities such as dust. As long as the plate 720 has the same
size and thickness as the second substrate 739, the plate 720
can also be stored in the cassette 730 by using the transfer
robot 728. Further, a mask stock holder 729 may be provided
in the unload chamber 715. For separately coloring light-
emitting layers, or the like, a mask is desirably prepared for
each light-emitting color. The mask stock holder 729 can
store a plurality of masks that are needed.

[0143] A sealingchamberto seal the light-emitting element
may be connected to the unload chamber 715. The sealing
chamber is connected to a load chamber to transfer a sealing
can or a sealing substrate. The second substrate 739 and the
sealing substrate are attached to each other in the sealing
chamber. At that time, a substrate reversal mechanism is
desirably provided in the transfer robot 728 if the second
substrate 739 is desirably reversed.

[0144] A magnetic levitation turbo molecular pump, a cry-
opump, or a dry pump is provided in the vacuum evacuation
treatment chamber. Accordingly, the ultimate vacuum of the
transfer chamber connected to a feed chamber can be set to
107 to 107° Pa, and reverse diffusion of impurities from the
pump side and the exhaust system can be further suppressed.
An inert gas such as nitrogen or a rare gas is used as a gas to
be introduced in order to prevent the impurities from being
introduced into the apparatus. A gas that is highly purified by
a gas refiner before the introduction into the apparatus is used
as the gas to be introduced into the apparatus. Thus, the gas
refiner needs to be provided so that the gas is introduced into
the evaporation apparatus after it is highly purified. Accord-
ingly, oxygen, moisture, or other impurities in the gas can be
removed beforehand to prevent these impurities from being
introduced into the apparatus.

[0145] Although the transfer robot is given as an example
of a transfer unit for the plate or the substrate, the transfer unit
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is not limited in particular and a roller or the like may be used.
In addition, the position where the transfer robot is provided
is not particularly limited to the arrangements in FIG. 8 and
FIG. 9 and may be set to a desired position.

[0146] Although the film formation apparatus using spin
coating is described as an example in this embodiment, alter-
natively, a droplet discharge apparatus using ink jetting may
be provided in a film formation chamber.

[0147] An outline of the droplet discharge apparatus is
roughly described with reference to FIG. 10. As required
components of this apparatus include a droplet discharge unit
1125 provided with a head 1121 with a plurality of nozzles
arranged in an axial direction, a control portion 1103 to con-
trol the droplet discharge unit 1125, a stage 1122 that fixes a
substrate 1124 and moves in X, Y, and 0 directions, and the
like. This stage 1122 also has a function to fix the substrate
1124 by a technique such as vacuum chuck. A composition is
discharged to the substrate 1124 from a discharging outlet of
each nozzle included in the droplet discharge unit 1125 to
form a pattern.

[0148] The control portion 1103 controls the stage 1122
and the droplet discharge unit 1125. The control portion 1103
includes a stage alignment portion 1101. The control portion
1103 also controls an imaging unit 1120 such as a CCD
camera. The imaging unit 1120 detects the position of a
marker, and supplies the detected information to the control
portion 1103. The detected information can also be displayed
on a monitor 1102. In addition, the control portion 1103
includes an alignment control portion 1100. The composition
is supplied from an ink bottle 1123 to the droplet discharge
unit 1125.

[0149] Informing a pattern, the droplet discharge unit 1125
may be moved, or the stage 1122 may be moved with the
droplet discharge unit 1125 fixed. For moving the droplet
discharge unit 1125, however, acceleration of the composi-
tion, a distance between the nozzles provided with the droplet
discharge unit 1125 and an object to be processed, and the
environment need to be considered.

[0150] In addition, although not illustrated, a movement
mechanism in which the head 1121 moves vertically, a con-
trol unit thereof, and the like may be provided as accompa-
nying components in order to improve the accuracy of the
reaching. Then, the distance between the head 1121 and the
substrate 1124 can be changed depending on the properties of
the composition to be discharged. Furthermore, a gas supply
unit and a shower head may be provided. If they are provided,
the atmosphere can be substituted for an atmosphere of the
same gas as a solvent of the composition to prevent desicca-
tion to some extent. Moreover, a clean unit or the like to
supply clean air and to reduce dust in a work area may be
provided. Further, although not illustrated, a unit to measure
various values of physical properties such as temperature, and
pressure may be provided as well as a unit to heat a substrate,
as necessary. These units can be collectively controlled by the
control unit provided outside of a chassis. Furthermore, if the
control unit is connected to a manufacturing management
system through an LLAN cable, a wireless LAN, an optical
fiber, or the like, the process can be uniformly managed from
the outside to lead to improvement in productivity. It is to be
noted that evacuation for the operation under reduced pres-
sure may be performed in order to hasten drying of the com-
position that reaches the object and to remove solvent com-
ponents of the composition.
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[0151] Inthe manufacturing apparatus of this embodiment,
scattering of a material in a vacuum chamber can be sup-
pressed with a distance between the substrate on which the
material layer 721 is to be formed and the plate of less than or
equal to 100 mm, preferably less than or equal to 5 mm. Thus,
the interval of maintenance such as cleaning in the film for-
mation chamber and the like can be lengthened. Furthermore,
in the manufacturing apparatus of this embodiment, the first
film formation chamber 702 and the second film formation
chamber 712 are a face-up film formation apparatus and a
face-down system, respectively; accordingly, smooth film
formation process can be achieved without reversing the plate
and the formation substrate in the middle of the transfer
thereof.

[0152] Inamulti-chamber manufacturing apparatus, effect
of the present invention can be sufficiently obtained with at
least one film formation chamber 712. Therefore, a'film for-
mation chamber using a known film formation method such
as evaporation may be provided to be connected to the second
film formation chamber 712.

[0153] It is to be noted that the manufacturing apparatus
described in this embodiment can be freely combined with
the apparatuses each described in Embodiment Modes 1 to 3.
[0154] Forexample, in acase of employing the face-up film
formation apparatus described in Embodiment Mode 2 as the
second film formation chamber 712, a mechanism to invert
the top and bottom of the plate in the middle of the transfer
from the first film formation chamber 702 to the second film
formation chamber 712 is provided. At this time, smooth film
formation can be realized by employing a face-down film
formation apparatus using evaporation as the first film forma-
tion chamber 702.

[0155] Instead, in a case of using the film formation appa-
ratus employing vertical placement of a substrate described in
Embodiment Mode 3 for the second film formation chamber
712, a mechanism to dispose a surface of the plate perpen-
dicular to the horizontal surface in the middle of transferring
the plate from the first film formation chamber 702 to the
second film formation chamber 712 is provided. In addition,
a mechanism to dispose the formation substrate perpendicu-
lar to the horizontal surface in the middle of transferring the
formation substrate from the second load chamber 711 to the
second film formation chamber 712 is provided.

Embodiment 2

[0156] Here, an example will be described in which a pas-
sive matrix light-emitting device is formed on a glass sub-
strate with reference to FIGS. 11A to 11C, FIG. 12, and FIG.
13.

[0157] Inapassive (simple-matrix) light-emitting device, a
plurality of anodes arranged in stripes (strip-form) are pro-
vided perpendicularly to a plurality of cathodes arranged in
stripes. A light-emitting layer or a fluorescent layer is inter-
posed at each intersection. Therefore, a pixel at an intersec-
tion of an anode selected (to which a voltage is applied) and a
cathode selected emits light.

[0158] FIG. 11A is a top view of a pixel portion before
sealing. FIG. 11B is a cross-sectional view taken along a
dashed line A-A' in FIG. 11A. FIG. 11C is a cross-sectional
view taken along a dashed line B-B'.

[0159] Aninsulating film 1504 is formed on a first substrate
1501 as a base film. Itis to be noted that the base film need not
be formed if not necessary. A plurality of first electrodes 1513
are arranged in stripes at regular intervals on the insulating
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film 1504. A partition wall 1514 having openings each cor-
responding to a pixel is provided over the first electrodes
1513. The partition wall 1514 having openings is formed
using an insulating material (a photosensitive or nonphoto-
sensitive organic material (polyimide, acrylic, polyamide,
polyimide amide, resist, or benzocyclobutene) or an SOG
film (such as an SiO_ film containing an alkyl group)). It is to
be noted that openings each corresponding to the pixel
becomes light-emitting regions 1521.

[0160] A plurality of inversely tapered partition walls 1522
which are parallel to each other and intersect with the first
electrodes 1513 are provided on the partition wall 1514 hav-
ing openings. The inversely tapered partition walls 1522 are
formed by photolithography using a positive-type photosen-
sitive resin of which a portion unexposed to light remains as
apattern, and by adjusting the amount of light exposure or the
length of development time so that a lower portion of a pattern
is etched more.

[0161] FIG. 12 is a perspective view immediately after
formation of the plurality of inversely tapered partition walls
1522 which are parallel to each other. It is to be noted that the
same reference numerals are used to denote the same portions
as those in FIGS. 11A to 11C.

[0162] The thickness of each of the inversely tapered par-
tition walls 1522 is set to be larger than the total thickness of
a stacked film including a light-emitting layer, and a conduc-
tive film. When a conductive film and a stacked film including
a light-emitting layer are stacked on the first substrate 1501
having the structure illustrated in FIG. 12, they are separated
into a plurality of regions that are electrically isolated from
each other, so that stacked films 1515R, 15156, and 1515B
each including a light-emitting layer, and second electrodes
1516 are formed as illustrated in FIGS. 11A to 11C. The
second electrodes 1516 are electrodes in stripe form that are
parallel to each other and extend along a direction intersecting
with the first electrodes 1513. It is to be noted that the stacked
films each including a light-emitting layer and the conductive
films are also formed on the inversely tapered partition walls
1522; however, they are separated from the stacked films
1515R, 15156, and 1515B each including a light-emitting
layer and the second electrodes 1516.

[0163] This embodiment mode describes an example in
which the stacked films 1515R, 1515G, and 1515B each
including a light-emitting layer are selectively formed to form
a light-emitting device capable of performing full color dis-
play, from which three kinds of light emission (R, G, and B)
can be obtained. The stacked films 1515R, 1515G, and 1515B
each including a light-emitting layer are formed into a pattern
of stripes parallel to each other.

[0164] In this embodiment, stacked films each including a
light-emitting layer are sequentially formed by using the sec-
ond film formation chamber 712 described in Embodiment 1.
A first plate including a light-emitting layer from which red
light is obtained, a second plate including a light-emitting
layer from which green light is obtained, and a third plate
including a light-emitting layer from which blue light is
obtained are each prepared to be transferred to the second film
formation chamber 712 described in Embodiment 1. Then, a
substrate provided with the first electrode 1513 is also trans-
ferred to the second film formation chamber 712. Then, a
surface of the first plate is heated by a heat source capable of
heating a surface with the same area as the substrate or a
surface with a larger area than the substrate to be subjected to
evaporation. Subsequently, the second plate and the third
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plate are selectively subjected to evaporation as appropriate.
The second film formation chamber 712 described in
Embodiment 1 can prevent evaporation involving an
unwanted material entering through a mask, and therefore
inversely tapered partition walls 1522 is not necessarily
needed. Moreover, in the second film formation chamber 712,
excellent film thickness uniformity that is less than 3% is
realized, and therefore a light-emitting layer with desired film
thickness can be obtained and uneven coloring of the light-
emitting device can be reduced. Thus, the second film forma-
tion chamber 712 described in Embodiment 1 is useful as a
manufacturing apparatus of a passive matrix light-emitting
device.

[0165] Alternatively, stacked films each including a light-
emitting layer which emits light of the same color may be
formed over the entire surface to provide monochromatic
light-emitting elements, so that a light-emitting device
capable of performing monochromatic display or a light-
emitting device capable of performing area color display may
be provided. Still alternatively, a light-emitting device
capable of performing full color display may be provided by
combining a light-emitting device which provides white light
emission with color filters.

[0166] Further, sealing is performed using a sealant such as
a sealant can or a glass substrate for sealing, if necessary.
Here, a glass substrate is used as the second substrate, and the
first substrate 1501 and the second substrate are attached to
each other using an adhesive material such as a sealing mate-
rial to seal a space surrounded by the adhesive material such
as the sealing material. The space that is sealed is filled with
afiller or adried inert gas. Moreover, a space between the first
substrate 1501 and the filler may be filled and sealed with a
desiccant agent in order to improve reliability of the light-
emitting device. The desiccant agent removes a minute
amount of moisture for sufficient desiccation. For the desic-
cant agent, a substance that adsorbs moisture by chemical
adsorption such as oxide of alkaline earth metal such as
calcium oxide or barium oxide can be used. In addition, a
substance that adsorbs moisture by physical adsorption such
as zeolite or silicagel may be used.

[0167] The desiccant agent is not necessarily provided if
the sealant that covers and is contact with the light-emitting
element is provided to sufficiently block the outside air.
[0168] Next, FIG. 13 is a top view of a light-emitting mod-
ule mounted with an FPC or the like.

[0169] Itis to be noted that the light-emitting device in this
specification refers to an image display device, a light-emit-
ting device, or a light source (including a lighting device).
Further, the light-emitting device includes any of the follow-
ing modules in its category: a module in which a connector
such as a flexible printed circuit (FPC), a tape automated
bonding (TAB) tape, or a tape carrier package (TCP) is
attached to a light-emitting device; a module having a TAB
tape or a TCP provided with a printed wiring board at the end
thereof; and a module having an integrated circuit (IC)
directly mounted over a light-emitting device by a chip on
glass (COG) method.

[0170] In a pixel portion for displaying images, scanning
lines and data lines intersect with each other perpendicularly
as illustrated in FIG. 13.

[0171] The first electrodes 1513 in FIGS. 11A to 11C cor-
respond to scanning lines 1603 in FIG. 13, the second elec-
trodes 1516 correspond to data lines 1602, and the inversely
tapered partition walls 1522 correspond to partition walls
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1604. Light-emitting layers are interposed between the data
lines 1602 and the scanning lines 1603, and an intersection
portion indicated by a region 1605 corresponds to one pixel.
[0172] It is to be noted that the scanning lines 1603 are
electrically connected at their ends to connection wirings
1608, and the connection wirings 1608 are connected to an
FPC 16095 through an input terminal 1607. The data lines
1602 are connected to an FPC 16094 through an input termi-
nal 1606.

[0173] Ifnecessary, a polarizing plate, a circularly polariz-
ing plate (including an elliptically polarizing plate), a retar-
dation plate (a quarter-wave plate or a half-wave plate), or an
optical film such as a color filter may be appropriately pro-
vided over a light-emitting surface. Further, the polarizing
plate or the circularly polarizing plate may be provided with
an anti-reflection film. For example, anti-glare treatment may
be carried out by which reflected light can be diffused by
projections and depressions on a surface so as to reduce
reflection.

[0174] Through the above-described process, a flexible
passive-matrix light-emitting device can be manufactured. If
inversely tapered partition walls are not needed with the use
of the film formation apparatus of the present invention, an
element structure can be largely simplified and time for the
manufacturing process can be reduced.

[0175] Although FIG. 13 illustrates an example in which a
driver circuit is not provided over a substrate, an IC chip
including a driver circuit may be mounted as described below.
[0176] When the IC chip may be mounted, a data line side
IC and a scanning line side IC, in each of which the driver
circuit for transmitting a signal to a pixel portion is formed,
are mounted on the periphery of (outside) the pixel portion by
aCOG method. The mounting may be performed using a TCP
or a wire bonding method other than the COG method. The
TCP is a TAB tape mounted with the IC, and the TAB tape is
connected to a wiring over an element formation substrate to
mount the IC. Each of the data line side IC and the scanning
line side IC may be formed using a silicon substrate. Alter-
natively, it may be formed in such a manner that a driver
circuit is formed using a TFT over a glass substrate, a quartz
substrate, or a plastic substrate. Although described here is an
example in which one IC is provided on one side, a plurality
of ICs may be provided on one side.

Embodiment 3

[0177] In this embodiment, a light-emitting device of the
present invention will be described with reference to FIGS.
14A and 14B. FIG. 14A is a top view illustrating a light-
emitting device and FIG. 14B is a cross-sectional view taken
along a line A-A'. A reference numeral 1701 indicated by a
dotted line denotes a driver circuit portion (source side driver
circuit); 1702 denotes a pixel portion; 1703 denotes a driver
circuit portion (gate side driver circuit); 1704 denotes a seal-
ing substrate; 1705 denotes a sealant, and 1707 denotes a
space surrounded by the sealant 1705.

[0178] A reference numeral 1708 denotes a wiring for
transmitting a signal inputted to the source side driver circuit
1701 and the gate side driver circuit 1703, and the wiring
1708 receives a video signal, a clock signal, a start signal, a
reset signal, and the like from an flexible printed circuit (FPC)
1709 that is to be an external input terminal. Although only
the FPC is illustrated here, a printed wiring board (PWB) may
be attached to the FPC. The light-emitting device in the
present specification includes, in its category, not only the
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light-emitting device itself but also the light-emitting device
provided with the FPC or the PWB.

[0179] Next, a cross-sectional structure will be described
with reference to FIG. 14B. Although a driver circuit portion
and a pixel portion are formed over an element substrate
1710, a pixel portion 1702 and a source side driver circuit 501
that is a driver circuit portion are illustrated here.

[0180] As the source side driver circuit 1701, a CMOS
circuit in which an n-channel TFT 1723 and a p-channel TFT
1724 are combined is formed. A circuit included in the driver
circuit may be a known CMOS circuit, PMOS circuit, or
NMOS circuit. In this embodiment, a driver-integrated type
in which a driver circuit is formed over a substrate is
described; however, it is not necessary to have such a struc-
ture, and the driver circuit can be formed not over the sub-
strate but outside the substrate.

[0181] The pixel portion 1702 is formed of a plurality of
pixels each including a switching TFT 1711, a current control
TFT 1712, and an anode 1713 that is electrically connected to
a drain of the current control TFT 1712. An insulator 1714 is
formed so as to cover an edge portion of the anode 1713. Here,
the insulator 1714 is formed using a positive type photosen-
sitive acrylic resin film.

[0182] The insulator 1714 is formed so as to have a curved
surface having curvature at an upper and lower end portions
thereof in order to obtain favorable coverage. For example,
when a positive type photosensitive acrylic is used as a mate-
rial for the insulator 1714, a curved surface having a radius of
curvature (0.2 to 3 um) is desirably formed at the upper end
portion of the insulator 1714. For the insulator 1714, either a
negative type that becomes insoluble in an etchant by photo-
sensitive light or a positive type that becomes soluble in an
etchant by light can be used, and an inorganic compound such
as silicon oxide or silicon oxynitride can be used as well as an
organic compound.

[0183] A light-emitting element 1715 and a cathode 1716
are formed over the anode 1713. Here, as a material used for
the anode 1713, a material having a high work function is
desirable. For example, the following structures can be given:
one-layer film of an indium tin oxide (ITO) film, an indium tin
silicon oxide (ITSO) film, an indium zinc oxide (IZO) film, a
titanium nitride film, a chromium film, a tungsten film, a Zn
film, a Pt film, or the like; a stacked film of a titanium nitride
film and a film containing aluminum as its main component;
a stacked film having a three-layer structure of a titanium
nitride film, a film containing aluminum as its main compo-
nent, and a titanium nitride film; and the like. Resistance as
the wiring is low, a favorable ohmic contact with an ITO film
can be formed, and further the anode 1713 can be made to
serve as an anode in a case where the anode 1713 is formed of
the ITO film and a wiring of the current control TFT 1712
connected to the anode 1713 has a stacked structure of a
titanium nitride film and a film containing aluminum as its
main component or a stacked structure of a titanium nitride
film, a film containing aluminum as its main component, and
a titanium nitride film. The anode 1713 may be formed using
the same material as a first anode in the light-emitting element
1715. The anode 1713 may be formed in contact with the first
anode in the light-emitting element 1715.

[0184] The light-emitting element 1715 has a structure in
which the anode 1713, a layer 1700 containing an organic
compound, and the cathode 1716 are stacked; specifically, a
hole injecting layer, a hole transporting layer, a light-emitting
layer, an electron transporting layer, an electron injecting
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layer, and the like are stacked. Any one of the film formation
apparatuses of Embodiment Modes 1 to 3 is desirably used for
the formation. In this example, the film formation apparatuses
described in Embodiment Modes 1 is used for the formation.
In the manufacturing apparatus described in Embodiment 1,
excellent film thickness uniformity that is less than 3% is
realized, and therefore desired film thickness can be obtained
to reduce luminance variations in a light-emitting device.
[0185] A material (Al, Ag, Li, Ca, or an alloy thereof:
MgAg, Mgln, AlLi, CaF2, or calcium nitride) having a low
work function may be used as a material for the cathode 1716;
however, the material for the cathode 1716 is not limited to
the above and can employ various conductive layers by selec-
tion of an appropriate electron injecting material. When light
emitted from the light-emitting element 1715 is made to be
transmitted through the cathode 1716, for the cathode 1716, it
is possible to use a stacked layer of a metal thin film with a
reduced film thickness and a transparent conductive film of
oxide indium tin oxide alloy (ITO), indium tin silicon oxide
(ITSO), anindium oxide zinc oxide alloy (In,O;—7Zn0), zinc
oxide (ZnO), or the like. The cathode 1716 may be formed
using the same material as a second cathode in the light-
emitting element 1715. The cathode 1716 may be formed in
contact with the second cathode in the light-emitting element
1715.

[0186] Further, a structure is obtained in which the light-
emitting element 1715 is provided in the space 1717 sur-
rounded by the element substrate 1710, the sealing substrate
1704, and the sealant 1705 by attaching the sealing substrate
1704 to the element substrate 1710 by using the sealant 1705.
The space 1707 may be filled not only with an inert gas (e.g.,
nitrogen or argon) but also with the sealant 1705.

[0187] An epoxy-based resin is preferably used for the
sealant 1705. A material used for these is desirably a material
which does not transmit moisture or oxygen as possible. As a
material used for the sealing substrate 1704, a plastic sub-
strate made of fiberglass-reinforced plastics (FRP), polyvinyl
fluoride (PVF), myler, polyester, acrylic, or the like can be
used besides a glass substrate or a quartz substrate.

[0188] As described above, the light-emitting device
including the light-emitting element of the present invention
can be obtained. Manufacturing cost per substrate tends to
increase in a case of an active matrix light-emitting device
because of manufacture of a TFT; however, by using a large-
area substrate with the manufacturing apparatus described in
Embodiment 1, film formation process time per substrate can
be largely reduced to realize a huge reduction in the cost for
one light-emitting device. Therefore, the manufacturing
apparatus described in Embodiment 1 is useful as a manufac-
turing apparatus for an active matrix light-emitting device.
[0189] It is to be noted that the light-emitting device
described in this embodiment can be freely combined with
the film formation apparatuses each described in Embodi-
ment Modes 1 to 3 or a film formation method described in
Embodiment Mode 4. The light-emitting device of this
embodiment may include a color conversion film such as a
color filter as needed.

Embodiment 4

[0190] In this embodiment, with reference to FIGS. 15A to
15E, explanation will be made on various electronic appli-
ances manufactured using a light-emitting device including a
light-emitting element manufactured by using the film for-
mation apparatus of the present invention.
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[0191] Examples of the electronic appliances manufac-
tured using the film formation apparatus of the present inven-
tion include: televisions, cameras such as video cameras or
digital cameras, goggle displays (head mount displays), navi-
gation systems, audio reproducing devices (e.g., car audio
component stereos and audio component stereos), notebook
personal computers, game machines, portable information
terminals (e.g., mobile computers, mobile phones, portable
game machines, and electronic books), and image reproduc-
ing devices provided with recording media (specifically, the
devices that can reproduce a recording medium such as a
digital versatile disc (DVD) and is provided with a display
device capable of displaying the reproduced images), lighting
equipment, and the like. Specific examples of these electronic
appliances are illustrated in FIGS. 15A to 15E.

[0192] FIG. 15A illustrates a display device including a
chassis 8001, a supporting base 8002, display portion 8003, a
speaker portion 8004, a video input terminal 8005, and the
like. The display device is manufactured by using a light-
emitting device manufactured using the film formation appa-
ratus of the present invention for the display portion 8003. It
is to be noted that the display device includes all devices for
displaying information, for example, for a personal computer,
for receiving TV broadcasting, and for displaying an adver-
tisement. The film formation apparatus enables a huge reduc-
tion in manufacturing cost to provide inexpensive display
devices. Furthermore, in the manufacturing apparatus of the
present invention, excellent film thickness uniformity that is
less than 3% is realized, and therefore desired film thickness
can be obtained to reduce display variations in a light-emit-
ting device.

[0193] FIG. 15B illustrates a notebook personal computer
including a main body 8101, a chassis 8102, a display portion
8103, a keyboard 8104, an external connection port 8105, a
pointing mouse 8106, and the like. The notebook personal
computer is manufactured by using a light-emitting device
manufactured using the film formation apparatus of the
present invention for the display portion 8103. The film for-
mation apparatus enables a huge reduction in manufacturing
cost to provide inexpensive notebook personal computers.
Furthermore, in the manufacturing apparatus of the present
invention, excellent film thickness uniformity that is less than
3% is realized, and therefore desired film thickness can be
obtained to reduce display variations in a light-emitting
device.

[0194] FIG. 15C illustrates a video camera including a
main body 8201, a display portion 8202, a chassis 8203, an
external connection port 8204, a remote control receiving
portion 8205, an image receiving portion 8206, a battery
8207, an audio input portion 8208, operation keys 8209, an
eyepiece portion 8210, and the like. The video camera is
manufactured by using a light-emitting device manufactured
using the film formation apparatus of the present invention for
the display portion 8202. The film formation apparatus
enables a huge reduction in manufacturing cost to provide
inexpensive video cameras. Furthermore, in the manufactur-
ing apparatus of the present invention, excellent film thick-
ness uniformity that is less than 3% is realized, and therefore
desired film thickness can be obtained to reduce display varia-
tions in a light-emitting device.

[0195] FIG.15Dillustrates a desk lamp including a lighting
portion 8301, a shade 8302, an adjustable arm 8303, a support
8304, a base 8305, and a power supply 8306. The desk lamp
is manufactured by using a light-emitting device manufac-
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tured using the film formation apparatus of the present inven-
tion for the lighting portion 8301. It is to be noted that the
lighting equipment includes a ceiling light, a wall light, and
the like. The film formation apparatus enables a huge reduc-
tion in manufacturing cost to provide inexpensive lighting
equipments. Furthermore, in the manufacturing apparatus of
the present invention, excellent film thickness uniformity that
is less than 3% is realized, and therefore desired film thick-
ness can be obtained to reduce display variations in a light-
emitting device.

[0196] FIG. 15E illustrates a portable phone including a
main body 8401, a chassis 8402, a display portion 8403, an
audio input portion 8404, an audio output portion 8405,
operation keys 8406, an external connection port 8407, an
antenna 8408, and the like. The portable phone is manufac-
tured by using a light-emitting device manufactured using the
film formation apparatus of the present invention for the
display portion 8403. The film formation apparatus enables a
huge reduction in manufacturing cost to provide inexpensive
portable phones. Furthermore, in the manufacturing appara-
tus of the present invention, excellent film thickness unifor-
mity that is less than 3% is realized, and therefore desired film
thickness can be obtained to reduce display variations in a
light-emitting device.

[0197] In the above-described manner, an electronic appli-
ance or lighting equipment using a light-emitting device
manufactured using the film formation apparatus of present
invention can be obtained. The applicable range of the light-
emitting device manufactured using the film formation appa-
ratus of the present invention is so wide that the light-emitting
device can be applied to electronic appliances in various
fields.

[0198] It is to be noted that the light-emitting device
described in this embodiment can be freely combined with
the film formation apparatuses each described in Embodi-
ment Modes 1 to 3 or a film formation method described in
Embodiment Mode 4 as well as with any one of Embodiments
1to3.

Embodiment 5

[0199] In this embodiment, an example of the film forma-
tion apparatus of the present invention will be described with
reference to FIGS. 16A and 16B, and FIG. 17. FIG. 16A and
168 are a cross-sectional view and a top view, respectively, of
the film formation apparatus.

[0200] In FIG. 16A, a film formation chamber 801 is a
vacuum chamber and connected to other treatment chambers
through a first gate valve 802 and a second gate valve 803. In
the film formation chamber 801, at least, a substrate support-
ing mechanism 813 which is a first substrate supporting unit,
a supporting mechanism 805 of a substrate on which a mate-
rial layer 808 is to be formed (formation substrate), which is
a second substrate supporting unit, and a halogen lamp 810 as
aheat source 106 are included. The halogen lamp 810 enables
rapid heating and can control heating of a first substrate 807
by changing the interval of time for emitting light. In addition,
since the halogen lamp 810 enables rapid heating, a vertical
mechanism, a shutter, and the like for a case of using a heater
are not necessarily provided. Thus, the film formation appa-
ratus can be further miniaturized.

[0201] First, in the other film formation chamber, a material
layer 808 is formed on the first substrate 807 that is a sup-
porting substrate. In this embodiment, a glass substrate over
which a titanium film is formed is used as the first substrate



US 2013/0074763 Al

807. Titanium can efficiently absorb light having an emission
wavelength of anout 1100 to 1200 nm corresponding to the
wavelength of the halogen lamp 810 that is a heat source; thus
the material layer 808 formed on the titanium film can be
efficiently heated. For the material layer 808, a layer that can
be subjected to evaporation and is formed of a stack of a
plurality of materials having different evaporation tempera-
tures is used. It is to be noted that, in this embodiment, a
substrate that has the same area as the formation substrate is
used as the first substrate 807. Besides, in this embodiment, in
the material layer 808, a layer containing metal oxide is
stacked by a wet method on a layer containing a substance
having a high hole transporting property. It is difficult to
dissolve the metal oxide and the substance having a high hole
transporting property in the same solvent and to control this
mixed solution; therefore, it is further difficult to directly
form a mixed layer by a wet method. Hence, stacking the
layer containing metal oxide on the layer containing a sub-
stance having a high hole transporting property by a wet
method is easier. Thus, the mixed layer can be easily formed
by film formation method of the present invention.

[0202] As indicated by a dotted line in FIG. 16A, the first
substrate 807 is transferred from the other film formation
chamber to the film formation chamber 801 to be set on the
substrate supporting mechanism 813. In the transfer, when a
reflector shutter 804 is opened by a movable unit 815, the first
substrate 807 can be set on the substrate supporting mecha-
nism 813. The first substrate 807 is fixed to the first substrate
supporting mechanism 813 so that a surface of the first sub-
strate 807, on which the material layer 808 is formed, faces a
surface (formation surface) of the second substrate 809 that is
aformation substrate, on which the material layer 808 is to be
formed.

[0203] The film formation chamber 801 is desirably sub-
jected to vacuum evacuation. Specifically, vacuum evacua-
tion is preformed until the value of the vacuum satisfies less
than or equal to 5x107> Pa, preferably in a range of 10~ to
1079 Pa, inclusive. As a vacuum evacuation unit provided to
be connected to the film formation chamber, the pressure of
from the atmosphere to approximately 1 Pa is evacuated by an
oil-free dry pump, and the pressure of approximately 1 or
more Pais evacuated by a magnetic levitation turbo molecular
pump or a complex molecule pump. Accordingly, pollution
by an organic material such as oil from the evacuation unit is
prevented. An inner wall surface is subjected to mirror surface
treatment by electrochemical polishing to reduce its surface
area so that gas discharge is prevented.

[0204] The second substrate 809 is fixed by a fixing unit
817 to the supporting mechanism 805 of the formation sub-
strate. The supporting mechanism 805 of the formation sub-
strate includes a tube 811 by which a heat medium flows. The
tube 811 by which a heat medium flows can maintain the
appropriate temperature in the supporting mechanism 805 of
the formation substrate. For example, by the tube 811, cold
water may flow to cool the formation substrate or warm water
may flow to heat it

[0205] Next, as illustrated in FIG. 17, the first substrate 807
and the second substrate 809 are approached to each other so
that the distance therebetween becomes a distance d. Itisto be
noted that the distance d is determined as a distance between
a surface of the material layer 808 formed on the first sub-
strate 807 and a surface of the second substrate 809. In a case
where a certain layer (e.g., a conductive layer that functions as
an electrode or an insulating layer that functions as a partition
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wall) is formed on the second substrate 809, the distance d is
determined as the distance between the surface of the material
layer 808 formed on the first substrate 807 and the surface of
the layer formed on the second substrate 809. It is to be noted
that, in a case where the second substrate 809 or the layer
formed on the second substrate 809 has unevenness in its
surface, the distance d is determined as the shortest distance
between the surface of the material layer 808 formed on the
first substrate 807 and the surface of the layer formed on the
second substrate 809 or the surface of the second substrate
809. The distance d that is a distance between the substrates of
the apparatus illustrated in FIGS. 16 A and 16B and FIG. 17
can be reduced until the substrate distance d becomes 0.5 mm
which is the lower limit. Further, in a case where an electro-
static chuck is used to prevent the second substrate 809 from
wrapping and bending, the lower limit of the distance d can be
set to 0.01 mm even if either a glass substrate or a quartz
substrate is used.

[0206] In the film formation apparatus described in this
embodiment, the distance between the first substrate 807 and
the second substrate 809 is controlled by vertical movement
of the supporting mechanism 805 of the formation substrate
or by vertical movement of substrate lift pins that are the first
substrate supporting mechanism 813 with the first substrate
807 lifted up. The substrate lift pins are vertically moved by
the movable unit 814 to lift up the first substrate 807.

[0207] Inthis embodiment, the first substrate 807 (support-
ing substrate) and the halogen lamp 810 which is a heat source
have a distance of 50 mm therebetween at the time of waiting
(before evaporation treatment) in order to relieve thermal
effects that radiation of the heat source (heater) has on the
material layer 808 on the first substrate 807 (supporting sub-
strate) at this time.

[0208] Heat treatment is performed using the halogen lamp
810 while retaining the distance d. First, as preliminary heat-
ing, an output of the halogen lamp 810 is maintained at a
temperature of 60° C. for 15 seconds. The preliminary heating
stabilizes the output of the halogen lamp 810. Thereafter, heat
treatment is performed. The heat treatment is maintained at a
temperature of 500 to 800° C. for 7 to 15 seconds. Because
time taken for the heat treatment varies depending on an
evaporation material, it is appropriately determined. A reflec-
tor 816 and the reflector shutter 804 are provided so that the
whole film formation chamber is not heated by scattering of
light from the halogen lamp 810.

[0209] The titanium film formed on the first substrate 807
absorbs light from the halogen lamp 810 and the titanium film
is heated; accordingly, the material layer 808 on the titanium
film is heated to be evaporated and then an evaporation mate-
rial is formed on the formation surface (i.e., lower flat surface)
of the second substrate 809, which is disposed to face the
surface of material layer 808. In the film formation apparatus
illustrated in FIGS. 16A and 16B, and FIG. 17, when the
material layer with a uniform film thickness is obtained on the
first substrate 807 beforehand, film formation with high uni-
formity is possible on the second substrate 809 without using
a film thickness monitor. A substrate is rotated in a conven-
tional evaporation apparatus. In contrast, the formation sub-
strate is fixed for film formation in the film formation appa-
ratus illustrated in FIGS. 16 A and 16B, and FIG. 17; thus this
film formation apparatus is suitable for film formation of a
large-area glass substrate that is easy to be broken. In addi-
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tion, in the film formation apparatus in FIGS. 16 A and 16B,
and FIG. 17, the supporting substrate is also stopped among
film formation.

[0210] The film formation apparatus of this embodiment
enables manufacture of the light-emitting device in accor-
dance with the present invention. In the present invention, an
evaporation source can be easily prepared by a wet method.
Furthermore, the evaporation source can be directly subjected
to evaporation to eliminate a film thickness monitor. There-
fore, the whole film formation process can be automated to
improve throughput. Moreover, the evaporation material can
be prevented from attaching to an inner wall of a film forma-
tion chamber to simplify maintenance of a film formation
apparatus.

[0211] Itis to be noted that the film formation apparatus of
the embodiment can be freely combined with the film forma-
tion apparatuses of Embodiment Modes 1 to 3.

Embodiment 6

[0212] An experiment to compare uniformity of film for-
mation was performed using the film formation apparatus
illustrated in FIGS. 16A and 16B, and FIG. 17.

[0213] First, by spin coating, a material solution containing
Alq was dropped onto a first substrate and the first substrate
was rotated (1000 rpm, film formation time of 33 seconds) to
form a first organic layer. As the material solution containing
Alq, a material solution in which Alq is dispersed in chloro-
form that is used as a solvent was prepared. The weight ratio
(chloroform: Alq) was set to 1:0.0025.

[0214] Then, the periphery of the first substrate was wiped
with a cloth soaked with acetone to remove the first organic
layer in the periphery of the first substrate 807.

[0215] The result of film thickness measurement that was
performed at nine points on an area having 8 cmx8 cm on the
first organic layer formed on the first substrate is shown
below.

[0216] The measurement result at nine points on the first
organic layer formed on the first substrate was: 22.2 nm at the
first point, 23.4 nm at the second point, 23.1 nm at the third
point, 22.6 nm at the forth point, 24.8 nm at the fifth point,
23.5 nm at the sixth point, 22.5 nm at the seventh point, 21.3
nm at the eighth point, and 23.1 nm at the ninth point.

[0217] The average film thickness calculated from the mea-
surement result was 22.94 nm and the film thickness distri-
bution was 7.59%.

[0218] Next, a glass substrate was prepared as a second
substrate and it was disposed to face the surface of the first
substrate, on which the first organic layer has been formed.
The distance d between the first substrate and the second
substrate was set to 1 mm. Then, heat was applied by a lamp
for 12 seconds.

[0219] After the heating, a second organic layer with uni-
form film thickness was formed on the second substrate. The
result of film thickness measurement that was performed at
nine points on an area having 8 cmx8 cm on the second
organic layer formed on the second substrate is shown below.
[0220] The measurement result at nine points on the first
organic layer formed on the second substrate was: 21.8 nm at
the first point, 22.2 nm at the second point, 22.5 nm at the third
point, 22.8 nm at the forth point, 22.2 nm at the fifth point,
22.3 nm at the sixth point, 22.5 nm at the seventh point, 22.8
nm at the eighth point, and 22.8 nm at the ninth point.

Mar. 28, 2013

[0221] Average film thickness calculated from the mea-
surement result is 22.43 nm and the film thickness distribu-
tion is 2.24%.

[0222] Thus, by using the film formation apparatus of the
present invention, film thickness distribution of the second
organic layer formed on the second substrate can be set to less
than £3%.

Embodiment 7

[0223] In this embodiment, an experiment was performed
for confirming a state of film formation while setting a con-
dition for the distance d in a case where the film formation
apparatus described in Embodiment 6 was used for the film
formation.

[0224] A titanium film (a thickness of 400 nm) was formed
on the first substrate, and a NPB film was formed thereon with
a thickness of 50 nm.

[0225] The first substrate and the second substrate were
each disposed with the distance d therebetween in the appa-
ratus of FIGS. 16 A and 16B and FIG. 17. Film formation was
performed on the second substrate by heat treatment using a
halogen lamp for 8 seconds.

[0226] Three conditions (1 mm, 300 um, and 50 um) for the
distance d were set to perform the film formation on the
second substrate under each of these conditions.

[0227] FIG. 18 illustrates the measurement result. In FIG.
18, an edge of a film formation pattern formed using the NPB
film obtained on the second substrate has a distance of 0, a
distance (mm) from the edge is indicated by the horizontal
axis, and film thickness (nm) is indicated by the vertical axis.
[0228] It is found that, in a case where the distance d is 1
mm, the film thickness increased from the edge of the film
toward the center thereof and the increasing amount is up to
about 6 mm. Since a thin film to be used for a light-emitting
element preferably has uniform film thickness, a light-emit-
ting element is manufactured in a region other than the region
having unevenness of up to 6 mm from the edge in a case of
performing film formation with the distance d of 1 mm.
[0229] On the other hand, in a case where the distance d is
less than 1 mm, that is, the distance d is 300 um or 50 pm,
unevenness of the film thickness is as small as about 0.5 mm
from the edge. Thus, as the distance d decrease, it is possible
to increase a region having uniform film thickness, on which
a light-emitting element can be manufactured, and to use a
material efficiently.

[0230] From the result in FIG.18, it is observed that the
thickness of the NPB film formed on the second substrate
increases as the distance d decreases. This shows that the NPB
film was formed with a thickness of close to 50 nm on the
second substrate by using the NPB film that was formed with
a thickness of 50 nm on the first substrate. That is, it is said
that loss of a film formation material can be reduced accord-
ing as the distance d decreases. In this embodiment, the
experiment was performed for confirming a state of film
formation while setting a condition for the distance d in a case
where the film formation apparatus described in Embodiment
6 was used for the film formation.

[0231] A titanium film (a thickness of 400 nm) was formed
on the first substrate, and a NPB film was formed thereon with
a thickness of 50 nm. The NPB film was formed using a
S-inch substrate as the first substrate on an area of 108
mmx108 mm.

[0232] The first substrate and the second substrate were
each disposed with the distance d therebetween in the appa-
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ratus of FIGS. 16 A and 16B and FIG. 17. Film formation was
performed on the second substrate by heat treatment using a
halogen lamp for 8 seconds.

[0233] Three conditions (1 mm, 300 um, and 50 um) for the
distance d were set to perform the film formation on the
second substrate under each of the conditions.

[0234] FIG. 18 illustrates the measurement result. In FIG.
18, an edge of a film formation pattern formed using the NPB
film obtained on the second substrate has a distance of 0, a
distance (mm) from the edge is indicated by the horizontal
axis, and film thickness (nm) is indicated by the vertical axis.
[0235] TheT/S distance described in FIG. 18 is a parameter
corresponding to the distance d. It is found that, in a case
where the distance d is 1 mm, the film thickness increased
from the edge of the film toward the center thereof and the
increasing amount is up to about 6 mm. Since a thin film to be
used for a light-emitting element preferably has uniform film
thickness, a light-emitting element is manufactured in a
region other than the region having unevenness of up to 6 mm
from the edge in a case of performing film formation with the
distance d of 1 mm.

[0236] On the other hand, in a case where the distance d is
less than 1 mm, that is, the distance d is 300 um or 50 pm,
unevenness of the film thickness is as small as about 0.5 mm
from the edge. Thus, as the distance d decreases, it is possible
to increase a region having uniform film thickness, on which
a light-emitting element can be manufactured, and to use a
material efficiently.

[0237] From the result in FIG. 18, it is observed that the
thickness of the NPB film formed on the second substrate
increases as the distance d decreases. This shows that the NPB
film was formed with a thickness of close to 50 nm on the
second substrate by using the NPB film that was formed with
a thickness of 50 nm on the first substrate. That is, it is said
that loss of a film formation material can be reduced accord-
ing as the distance d decreases.

[0238] This application is based on Japanese Patent Appli-
cation serial no. 200-328472 filed with Japan Patent Office on
Dec. 5, in 2006, the entire contents of which are hereby
incorporated by reference.

1. A film formation apparatus comprising:

a film formation chamber;

a heat source provided in the film formation chamber;

a first supporting unit to hold a first substrate over the heat

source; and

asecond supporting unit to hold a second substrate over the

first supporting unit,

wherein a first layer containing a material is formed on one

flat surface of the first substrate set on the first supporting
unit, and

wherein the first substrate is heated by the heat source to

form a second layer containing the material on a lower
flat surface of the second substrate facing downward
opposite to the first substrate.

2. The film formation apparatus according to claim 1, fur-
ther comprising a transfer unit to transfer the first substrate
into the film formation chamber, keeping the first substrate
vertical,

wherein the first supporting unit keeps the first substrate

vertical, and

wherein the second supporting unit keeps the second sub-

strate vertical.
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3. The film formation apparatus according to claim 1, fur-
ther comprising a vacuum evacuation treatment chamber to
evacuate the film formation chamber.

4. The film formation apparatus according to claim 1, fur-
ther comprising a cooling unit to cool the second substrate.

5. The film formation apparatus according to claim 1, fur-
ther comprising a heating unit to heat the second substrate.

6. The film formation apparatus according to claim 1, fur-
ther comprising an alignment unit to adjust a position of a
mask and the second substrate in the film formation chamber.

7. The film formation apparatus according to claim 1, fur-
ther comprising an adjusting unit of a distance between the
first substrate and the second substrate in the film formation
chamber.

8. A film formation apparatus comprising:

a film formation chamber;

a first supporting unit to hold a first substrate provided in

the film formation chamber;

a second supporting unit to hold a second substrate dis-

posed to face the first supporting unit; and

a heat source over the second supporting unit,

wherein a first layer containing a material is formed on one

flat surface of a second substrate set on the second sup-
porting unit, and

wherein the second substrate is heated by the heat source to

form a second layer containing the material on an upper
flat surface of the first substrate facing upward opposite
to the second substrate.

9. The film formation apparatus according to claim 8, fur-
ther comprising a transfer unit to transfer the first substrate
into the film formation chamber, keeping the first substrate
vertical,

wherein the first supporting unit keeps the first substrate

vertical, and

wherein the second supporting unit keeps the second sub-

strate vertical.

10. The film formation apparatus according to claim 8,
further comprising a vacuum evacuation treatment chamber
to evacuate the film formation chamber.

11. The film formation apparatus according to claim 8,
further comprising a cooling unit to cool the first substrate.

12. The film formation apparatus according to claim 8,
further comprising a heating unit to heat the first substrate.

13. The film formation apparatus according to claim 8,
further comprising an alignment unit to adjust a position of a
mask and the first substrate in the film formation chamber.

14. The film formation apparatus according to claim 8,
further comprising an adjusting unit of a distance between the
first substrate and the second substrate in the film formation
chamber.

15. A manufacturing apparatus comprising:

a load chamber;

a first film formation chamber connected to the load cham-

ber;

a transfer chamber connected to the first film formation

chamber;

a second film formation chamber connected to the transfer

chamber;

an unload chamber connected to the second film formation

chamber,

a coating device provided in the first film formation cham-

ber;

a heat source provided in the second film formation cham-

ber;
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a first supporting unit to hold a first substrate over the heat
source; and

a second supporting unit to hold a second substrate, dis-
posed to face the first supporting unit,

wherein the first substrate is introduced from the load
chamber to the first film formation chamber,

wherein a layer containing a material is coated onto the first
substrate in the first film formation chamber,

wherein the first substrate is introduced from the first film
formation chamber to the second film formation cham-
ber through the transfer chamber,
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wherein the first substrate is disposed in the second film
formation chamber, the first substrate facing the second
substrate and heated by the heat source, wherein the
layer is formed on a surface of the second substrate
disposed to face the first substrate, and

wherein the second substrate provided with the layer is
transferred to the unload chamber.



