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An aqueous resist stripping composition contains (a) an oxidizing agent, I
(b) a chelating agent; (c) a water’SOluble fluorine compound, and optionally (d) 6
an organic solvent. Also provided is a'process of stripping [resist films and

resist residues remaining after etching treatment utilizingltlle aqueous resist ‘

stripping composition. In the process, corrosion of semiconductor materials,

circuit-forming materials, insulating films, etc. is minimized and the. {rinsing is

sufficiently-made with only water without needing organic Solvent such as
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voltage)* é:- rs -— 31E £3257 m; 1%: 3% figmmorphous silicon TFT)

v? z» e: Pa “EEUhreshold voltage, Vth)é4Ji%§’fiUé}'§' - as 3%

fifimafifirfifififilfifiwmmf%$%fi’~fi

OLED§§7T=$ as = —5E§3€3% ’ sigévateazyrpmwgs
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€+Eafifin£d$1§EZYTF’I‘Zfir‘ifiQfizbfifififi’E/E’éflf' smart-

saes21jsfiaézyTFrzaafisemee .,'

fi‘§i%%%%

An increased component of a threshold voltage (Vth)

in an amorphous silicon TFT which is. a transistor for

driving an OLED is removed by rising a gate electrode and a

drain electrode intermittently 'and simultaneously.

Specifically, an OLED display includes a drive circuit for

driving an OLED by an amorphous silicon TFT, and a

_supply-1ine driver for dropping a voltage supplied to.a

drain electrode of the amorphous silicon TFT, when a gate

voltage to a gate electrode of the amorphous silicon TFT is

intermittently risen.
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As seen from the listing of family members, US 2003/137325

is a U.S. counterpart of EP 1,331,666, Us 2003/193056 is a 0.8.

counterpart of EP 1,349,208, and US 2004/256617 is a 0.8.

counterpart of WO 2004/019314.

RELATED APPLICATION

The following application is related to the above-identified

present application: .

Serial No. 11/235,605, filed September 26, 2005.

Attached is a'Form PTO/SB/08B listing the particulars of the

related application. Said pending U.S. related application is

stored in the USPTO’s Image File Wrapper system.

References cited in said related application, and which have

not yet been cited herein, are now cited.

STATEMENT UNDER 37 CFR 1.97 e 1 _
Each item of information contained in this Information

Disclosure Statement was first cited in any communication from a

foreign patent office in a counterpart foreign application not

more than three months prior to the filing of the present

Information Disclosure Statement. Said Communication bears a

mailing date of June 30, 2006. Therefore, the filing of this

Information Disclosure Statement is timely under the provisions

of 37 CFR 1.97(e) and does not require a fee.

STATEMENT UNDER 37 CFR 1.704(d)

Each item of information contained in this Information

Disclosure Statement was cited in said communication from a

foreign patent office in a counterpart application, and this

communication was not received by any individual designated in

§1.56(c) more than thirty days prior to the filing of the present

Information Disclosure Statement.

|PR2020—01275

Apple EX1002 Page 585



IPR2020-01275 
Apple EX1002 Page 586

It is respectfully requested that the Examiner return

initialed copies of the attached Forms PTO/SB/OBA and PTO/SB/O8B

to confirm that the documents listed therein have all been

considered and made of record.

Respectfully sub itted,

 Encs.

Dated: July 27, 2006

-Frishauf, Holtz, Goodman & Chick, P.C.
220 Fifth Avenue, 16th Floor
New York, New York 10001-7708
Tel. No. (212) 319—4900

Fax. No. (212) 319—5101
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EP 1 331 666 A2 SEMICONDUCTOR 07- 30- 2003
ENERGY LABORATORY

CO. LTD.
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CO. LTD.

EP 1 349 208 Al SEMICONDUCTOR 10- 01- 2003
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CO. LTD.
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EP1331666A2

Européisches Patentamt

European Patent Office(19) 9 Office européen des brevets

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
(11) EP 1 331 666 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
30.07.2003 Bulletin 2003/31

(21) Application number: 030000995

(22) Date of filing: 08.01.2003

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR
HU IE IT LI LU MC NL PT SE SI SK TR

Designated Extension States:
AL LT LVVMK R0

(30) Priority: 24.01.2002 JP 2002014902

(71) Applicant: SEMICONDUCTOR ENERGY
LABORATORY CO., LTD.
Atsugi-shi Kanagawa-ken 243-0036 (JP)

(72) Inventors:
- Yamazaki, Shunpei

Atsugi-shi, Kanagawa-ken 243-0036 (JP)

 

(51) Int CI.7: H01 L 27/00, H01 L 51/20

- Hiroki, Masaaki
Atsugi-shi, Kanagawa-ken 243-0036 (JP)

- Murakami, Masakazu .

Atsugi-shi, Kanagawa-ken 243-0036 (JP)
- Kuwabara, Hideaki

Atsugi-shi. Kanagawa-ken 243-0036 (JP)

(74) Representative: Grfinecker, Kinkeldey,
Stockmair & Schwanhausser Anwaltssozietat
Maximilianstrasse 58

80538 Mflnchen (DE)

(54) Light emitting device and method of manufacturing the same

(57) To provide a light emitting device high in relia-
bility with a pixel portion having high definition with a
large screen. According to a light emitting device of the
present invention, on an insulator (24) provided be-
tween pixel electrodes, an auxiliary electrode (21 ) made
of a metal film is fomied, whereby a conductive layer
(20) made of a transparent conductive film in contact -

FIG. 1 A sectional view of A-A'

with the auxiliary electrode can be made low in resist-
ance and thin. Also, the auxiliary electrode (21) is used
to achieve connection with an electrode on a lower layer,
whereby the electrode can be led out with the transpar-
ent conductive film formed on an EL layer. Further, a
protective film (32) made of a film containing hydrogen
and a silicon nitride film which are laminated is formed,

whereby high reliability can be achieved.

1 light emitting g 5 light emitting 3 light emitting
f’region (R) 7’! r—region (G) "3 region (8)

tag 01b: color fin-er (Ft); E31c: color filter ((3); 31d: color filter (8)
 
30
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a semiconduc-
tor device and, particularly, to a light emitting device hav-
ing an organic light emitting element formed over a sub-
strate having an insulating surface and a manufacturing
method therefor. The present invention also relates to a
module in which an IC etc. including a controller is
mounted on a panel having the organic light emitting el-
ement. Note that, in this specification, the panel and the
module which have the organic light emitting element
are collectively referred to as a light emitting device. Fur-
ther, the present invention relates to an apparatus for
manufacturing the light emitting device.
[0002] Note that, in this specification, the term semiv
conductor device refers to the devices in general which
can function by utilizing semiconductor characteristics.
The light emitting device, an electro—optic device, a sem-
iconductor circuit, and 'an electronic device are all in-
cluded in the category of the semiconductor device.

2. Description of the Related Art

[0003] Techniques of forming TFl's (thin film transis-
tors) on substrates have been progressing greatly in re—
cent years, and developments in their application to ac-
tive matrix display devices is advancing. In particular,
TFTs that use polysilicon films have a higher electric
field effect mobility (also referred to as mobility) than
TFTs that use conventional amorphous silicon films, and

therefore high speed operation is possible. Develop—
ments in performing control of pixels by forming driver
circuits made from TFTs that use polysilicon films over
a substrate on which the pixels are formed have there-
fore been flourishing. It has been expected that various
advantages can be obtained by using active matrix dis-
play devices in which pixels and driver circuits are

_mounted on the same substrate, such as reductions in

nummtn‘ (FD

manufacturing cost, miniaturization of the display de-
vice, increases in yield, and increases in throughput.
[0004] Furthermore, research on active matrix light
emitting devices using organic light emitting elements
as self light emitting elements (hereinafter referred to
simply as light emitting devices) has become more ac—
tive. The light emitting devices are also referred to as
organic EL displays (OELDs) and organic light emitting
diodes (OLEDs),
[0005] TFT switching elements (hereinafter referred
to as switching elements) are formed for each pixel in
active matrix light emitting devices, and driver elements
for performing electric current control using the switch—
ing TFFs (hereinafter referred to as electric current con-
trol Tl-‘l‘s) are operated, thus making EL layers (strictly
speaking, light emitting layers) emit light. For example,

1331666A2 I >
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a light emitting device disclosed in JP 10-189252 is
known.

[0006] Organic light emitting elements are self light
emitting, and therefore have high visibility. Backlights,
necessary for liquid crystal display devices (LCDs), are
not required for organic light emitting elements, which
are optimal for making display devices thinner and have
no limitations in viewing angle. Light emitting devices
using organic light emitting elements are consequently
being focused upon as substitutes for CRTs and LCDs.
[0007] Note that EL elements have a layer containing
an organic compound in which luminescence develops
by the addition of an electric ‘field (Electro Lumines~
cence) (hereinafter referred to as EL layer), an anode,
and a cathode. There is light emission when returning
to a base state from a singlet excitation state (fluores-
canoe), and light emission when returning to a base
state from a triplet excitation state (phosphorescence)
in the organiccompound layer, and it is possible to apply
both types of light emission to light emitting devices
manufactured by the manufacturing apparatus and film
formation method of the present invention.
[0008] EL elements have a structure in which an EL
layer is sandwiched between a pair of electrodes, and
the EL layer normally has a laminate structure. A "hole
transporting layer / light emitting layer / electron trans—
porting layer" laminate structure can be given as a typ-
ical example. This structure has extremely high light
emitting efficiency, and at present almost all light emit-
ting devices undergoing research and development em-
ploy this structure. .
[0009] Further, a structure in which: a hole injecting
layer, a hole transporting layer, a light emitting layer, and
an electron transporting layer are laminated in order on
an anode; or a hole injecting layer, a hole transporting
layer, a light emitting layer, an electron transporting lay-
er, and an electron injecting layer are laminated in order

on an anode may also be used. Fluorescent pigments
and the like may also be doped into the light emitting
layers. Further, all of the layers may be formed by using
low molecular weight materials, and all of the layers may
be formed by using high molecular weight materials.
[0010] The conventional active matrix type light emit-
ting device is composed of a light emitting element In
which an electrode electrically connected with TFT on
the substrate is formed as an anode, then the organic
compound layer was formed on the anode. Light gener-
ated at the organic compound layer is radiated from the
anode that is a transparent electrode to TFI'.
[0011] However, in this structure, the problem has
arisen when the resolution is intended to be risen that

an aperture ratio is limited due to an arrangement of TFT
and wirings in the pixel unit.

SUMMARY OF THE INVENTION

[0012] According to the present invention, manufac-
tured is an active matrix light emitting device having the
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light emitting element with a structure in which an elec-
trode on the TFT side electrically connected to the TFl'
on the substrate is formed as a cathode, on which an

organic compound layer and an anode as a transparent
electrode are formed in the stated order (hereinafter, re
ferred to as upper surface emission structure). Alterna-
tively, manufactured is an active matrix light emitting de-
vice having the light emitting element with a structure in
which an electrode on the TFT side electrically connect-
ed to the Ti-‘I' on the substrate is formed as an anode,
on which an organic compound layer and a cathode as
a transparent electrode are formed in the stated order
(hereinafter, also referred to as upper surface emission
structure).
[0013] In the above-mentioned respective structures,
there arises a problem concerning a higher film resist-
ance of a transparent electrode. In particular, when a
film thickness of the transparent electrode is reduced,
the film resistance further increases. If the film resist-

ance of the transparent electrode sewing as an anode
or a cathode is increased, there arises a problem in that
a potential distribution in the surface becomes nonuni—
form due to voltage drop, which involves variations in
luminance of the light emitting element. Accordingly, an
object of the present invention is to provide a light emit-
ting device having a structure useful in decreasing the
film resistance of the transparent electrode of the light
emitting element and a manufacturing method therefor
and further to provide an electronic device using the
above light emitting device as a display portion.

In addition, another object of the present inven-
tion is to increase reliability in the light emitting element
and the light emitting device.
[0015] According to the present invention, in manu-
facturing the light emitting element formed overthe sub-
strate, a conductive film is formed on an insulator ar-
ranged between pixel electrodes priorto formation of an
organic compound layerfor the purpose of suppressing
the film resistance of the transparent electrode.
[001 6] Further, the present invention is characterized
in that a lead wiring is formed using the above conduc—
tive film to achieve connection with other wirings on a
lower layer as well.
[0017] According to a structure of the invention dis-
closed in this specification, there is provided a light emit- .
ting device, including:

a pixel portion having a plurality of light emitting el-
ements each including: afirst electrode; an organic
compound layerfonned on the first electrode in con-
tact therewith; and a second electrode formed on

the organic compound layer in contact therewith;
a driver circuit; and

a terminal portion,

the device being characterized in that:

in the pixel portion, end portions of the first electrode
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connected to a thin film transistor are covered with

an insulator, a third electrode made of a conductive
material is formed on the insulator, the organic com-
pound layer is forrned on the'insulator and the first
electrode, and the second electrode is formed on
the organic compound layer and the third electrode
in contact therewith; and

a portion where a wiring made of a material identical
to that of the third electrode or that of the second

electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

[0018] In the above-mentioned structure, the third
electrode may have a pattern shape identical to that of
the insulator. In this case, it is formed using a mask iden-
tical to that of the insulator.

[0019] Alternatively, in the above—mentioned struc-
ture, the third electrode may have a pattern shape dif—
ferent from that of the insulator. In this case, after pat-
terning the insulator, a film made of a conductive mate-
rial is fon'ned to form the third electrode using a mask
different from that used for patterning the insulator.
[0020] Also, according to another structure of the
present invention, in manufacturing a light emitting ele—
ment formed over a substrate, a conductive film is
formed on an insulator arranged between pixel elec-
trodes prior to formation of the organic compound layer,
and after the organic compound layer and a transparent
electrode are formed, an electrode made of a material
high in conductivity is formed on the transparent elec—
trode to realize low film resistance of the transparent
electrode. Note that, the electrode formed on the trans-
parent electrode is not formed in a portion serving as a
light emitting region. Further, the present invention is al-
so characterized in that a lead wiring is formed using the
conductive film to achieve connection with other wirings
formed on a lower layer.
[0021] According to another structure of the invention
disclosed in this specification, there is provided the light
emitting device, including:

a pixel portion having a plurality of light emitting el-
ements each including: a first electrode; an organic
compound layer formed on the first electrode in con-
tact therewlth; and a second electrode formed on
the organic compound layer in contact therewith;
a driver circuit; and
a terminal portion,

the device being characterized in that:

in the pixel portion, end portions ofthefirst electrode
connected to a thin film transistor are covered with

an insulator, the organic compound layer is formed
on a part of the insulator and the first electrode, the
second electrode is formed on the organic com-
pound layer in contact therewith, and a third elec-
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trode made of a conductive material is formed on a

"egion of the second electrode which is not over—
aaped with the first electrode in contact therewith:
and

a portion where a wiring made of a material identical
to that of the third electrode or that of the second

electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

[0022] Also, in the above-mentioned structures, the
light emitting device is characterized in that the second
electrode is a cathode or an anode of the light emitting
element. -

[0023] Also, in the above-mentioned stmctures, the
light emitting device is characterized in that the third
electrode is made of a material having electric resist—
ance lower than that constituting the second electrode
and is made of poly-Si doped with an impurity element
imparting a conductivity type, an element selected from
the group consisting of W, WSix, Al, Ti, Mo, Cu, Ta, Cr,
and Mo, a film mainly containing an alloy material or a
compound material mainly containing the element, or a
laminate film thereof. For example, it is preferable that
the third electrode is an electrode made of a laminate

having a nitride layer orafluoride layer as an uppermost
layer.
[0024] Also, in the abovementioned structures, the

light emitting device is characterized in that the first elec—
trode is a cathode or an anode of the light emitting ele-
ment. For example, when the second electrode is a
cathode, the first electrode serves as an anode, where-
as when the second electrode is an anode, thefirst elec-
trode serves as a cathode.

[0025] Also, in the above-mentioned structures, the
light emitting device is characterized in that the insulator
is a barrier (also referred to as bank) made of organic
resin covered with an inorganic insulating film or is an
inorganic insulating film. Note that, the light emitting de-
vice is characterized in that the inorganic insulating film
is an insulating film mainly containing silicon nitride with
a film thickness of 10 to 100 nm.

[0026] Also in the light emitting device, there is a prob—
lem in that in apixel emitting no light, an incident outside
light (light outside the light emitting device) is reflected
by the rear surface of the cathode (surface brought into
contact with an light emitting layer) which acts as mirror
and outside scenes are reflected in an observation sur—

face (surface facing an observer side). In order to avoid
the problem, the following is devised such that a circular
polarization film is attached to the observation surface
of the light emitting device to prevent the observation
surface from reflecting the outside scenes: However,
there arises a problem in that the circular polarization
film is extremely expensive, which involves an increase
in manufacturing cost.
[0027] Another object of the present invention is to
prevent the light emitting device from acting as mirror
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without using the circular polarization film to accordingly
provide an inexpensive light emitting device which at-
tains low manufacturing cost thereof. Accordingly, the
present invention is characterized by using an inexpen-
sive color filter instead of using the circular polarization
film. In the above—mentioned structure, it is preferable
to provide a color filter corresponding to each pixel in
the light emitting device in order to increase color purity.
Also, a black portion (black organic resin) of the color
filter may be arranged so as to overlap each portion be-
tween light emitting regions. Further, the black portion
(black colored layer) of the color filter may be also ar-
ranged so as to overlap a portion where different organic
compound layers are partially overlapped with each oth-
er.

[0028] Note that, the color filter is provided in an emis-
sion direction of an emitted light, i.e., provided between
the light emitting element and the observer. For exam~
pie, when the light is not allowed to pass through the
substrate having formed the light emitting element ther—
eon, the color filter may be attached to the sealing sub-
strate. Alternatively, when the light is allowed to pass
through the substrate having formed the light emitting
element thereon, the color filter may be attached there-
to. Thus, it is possible to dispense with the circular po—
larization film.

[0029] In addition, it is extremely effective that as an
anode on a layer containing an organic compound, a
transparent conductive film (typically, lTO or ZnO) is
used, on which a protective film made of an inorganic
insulating film is formed. The following is also effective:
as a cathode containing an organic compound, a metal
thin film (with a film thickness allowing a light to pass
the film) made of Al, Ag, and Mg, or an alloy thereof (typ-
ically, AlLi) is used, on which the protective film made of
the inorganic insulating film is formed.
[0030] Also, before the protective film made of the in-
organic insulating film is formed, it is preferable that a
film containing hydrogen, typically athin film mainlycon—
taining carbon, or a silicon nitride film is formed by a
plasma CVD method or a sputtering method. Also, the
film containing hydrogen may be a laminate film consist-
ing of the thin film mainly containing carbon and the sil-
icon nitride film.

[0031] Further, according to another structure of the
present invention, there is provided the light emitting de-
vice including a light emitting element over a substrate
having-an insulating surface, the light emitting element
including an anode, a cathode, and an organic com-
pound layer interposed between the anode and the
cathode, characterized in that the light emitting element
is covered with a film containing hydrogen.
[0032] if heat treatment is performed within a range
of temperature to which the organic compound layercan
be resistant and heat generated when the light emitting
element emits the light is utilized, hydrogen can be dif-
fused from thefilm containing hydrogen to terminate de-
fects in the organic compound layerwith hydrogen (ter-
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mination). By terminatingthe defects in the organic com-
pound layer with hydrogen, the light emitting device can
be increased in its reliability. Also, when the film con—
taining hydrogen is formed, hydrogen turned into aplas—
ma can be used to terminate defects in the organic com-
pound layer with hydrogen. The protective film formed
so as to cover the film containing hydrogen also func-
tions to block hydrogen diffused toward the protective
film side and to efficiently diffuse hydrogen into the or-
ganic compound layerto terminate defects in the organ-
ic compound layer with hydrogen. Further, the film con-
taining hydrogen can serve as the protective film forthe
light emitting element.
[0033] Further, the film containing hydrogen can
serve as a buffer layer. When the silicon nitride film is
formed in contact with the transparent conductive film
by a sputtering method, there is a possibility that impu-
rities (In, Sn, Zn, etc.) contained in the transparent con-
ductive film are mixed into the silicon nitride film. How-

ever, by forming the film containing hydrogen as a buffer
layertherebetween, it is also possible to prevent mixture
of the impurities into the silicon nitride film. According to
the above structure, the buffer layer is formed, so that
the impurities (In, Sn, etc.) can be prevented from mixing
therein from the transparent conductive film and a su-
perior protective film having no impurities can be
formed.

[0034] According to another structure of the present
invention, there is provided the light emitting device in-
cluding a light emitting element over a substrate having
an insulating surface, the light emitting element includ-
ing an anode, a cathode, and an organic compound lay-
er interposed between the anode and the cathode, char-
acterized in that the light emitting element is covered
with a film containing hydrogen which is covered with a
protective film made of an inorganic insulating film,
[0035] Also, a manufacturing method capable of real—
izing the above-mentioned structure is included in the

present invention. According to a structure relating to a
manufacturing method of the present invention, there is
provided a manufacturing method for a light emitting de-
vice, characterized by including:

forming a TFl' on an insulating surface;
forming a cathode electrically connected to the TFT;
forming an organic compound layer on the cathode;
and

forming an anode on the organic compound layer
and then forming a film containing hydrogen on the
anode,

[0036] Also, according to another structure relating to
the manufacturing method of the present invention,
there is provided the manufacturing method for a light
emitting device, characterized by including:

forming a TFI' on an insulating surface;
forming an anode electrically connected to the Ti-‘l';
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forming an organic compound layer on the anode;
and

forming a cathode on the organic compound layer
and then forming a film containing hydrogen on the
cathode.

[0037] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that the film containing hy-
drogen is formed by a plasma CVD method or a sput—
tering method within a range of temperature to which-
the organic compound layer can be resistant, for examv
ple, a range from room temperature to 100°C or less
and that thefilm containing hydrogen is athin film mainly
containing carbon or a silicon nitride film.
[0038] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that a step of forming the or-
ganic compound layer is performed by an evaporation
method, a coating method, an ion plating method, or an
ink jet method.
[0039] In the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that a protective film made

of an inorganic insulating film is formed on the filmvcon-
taining hydrogen.
[0040] in the above-mentioned structures relating to
the manufacturing method of the present invention, the
method is characterized in that when the film containing
hydrogen is formed, a defect in the organic compound
layer is terminated with hydrogen.
[0041] Also, in order to prevent deterioration due to
moisture or oxygen, when the light emitting element is
sealed with a sealing can or a sealing substrate, a space
to be sealed may be filled with a hydrogen gas or with
hydrogen and inert gas (rare gas or nitrogen).
[0042] According to another structure of the present
invention, there is provided the light emitting device in-
cluding a light emitting element over a substrate having
an insulating surface, the light emitting element includ-
ing an anode, a cathode, and an organic compound lay-
er interposed between the anode and the cathode, char-
acterized in thatthe light emitting element is sealed with
a substrate having a light—transmissive property and a
sealing member, and a sealed space contains hydro-
gen.

[0043] In the above—mentioned structure, the light
emitting device is characterized in thatthe light emitting
element is covered with the film containing hydrogen
(thin film mainly containing carbon or silicon nitride film).
[0044] Also, with the above-mentioned structure, heat
treatment is performed within a range of temperature to
which the organic compound layer can be resistant and
heat generated when the light emitting element emits
the light is utilized, so that hydrogen can be diffused from
the space containing hydrogen to terminate defects in
the organic compound layer with hydrogen. By terminat-
ing defects in the organic compound layer with hydro-
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gen, the light emitting device can be increased in its re-
liability. ’
[0045] Note that, in this specification, all the layers
provided between the cathode and the anode are col-
lectively refened to as an EL layer. Thus, the above—
mentioned hole injection layer, hole transportation layer,
light emitting layer. electron transportation layer, and
electron injection layer are all included in the EL layer,
[0046] The present invention is characterized in that
the thin film mainly containing carbon is a DLC (diamond
like carbon) film having a thickness of 3 to 50 nm. The
DLC film has an SP3 bond as a bond between carbons

in terms of short range order but has an amorphous
structure in a macro level. The composition of the DLC
film is carbon and hydrogen with the contents of 70 to
95 atoms% and 5 to 30 atoms%, respectively. Thus, the
film is extremely hard and superior in an insulating prop—
erty. Such a DLC film is characterized in that gas per-
meability with respect to moisture, oxygen, etc. is low.
Also, it is known that the film has hardness of 15 to 25

GPa as a result of measurement by a microhardness
meter.

[0047] The DLC film can be formed by a plasma CVD
method (typically, RF plasma CVD method, microwave
CVD method, electron cyclotron resonance (EC R) CVD
method, orthe like), a sputtering method, orthe like. Any
film formation method can be adopted to form the DLC
film with good adhesiveness. The DLC film is formed
with the substrate placed on the cathode. Also, when a
negative bias is applied thereto and ion impact is utilized
to some degree, a minute and hard film can be formed.
[0048] As a reaction gas used fortilm formation, a hy-
drogen gas and a hydrocarbon-based gas (e.g., CH4,
C2H2, CSHG, orthe like) are used, which are ionized due
to glow discharge, and ions are accelerated and abutted
against a cathode to which a negative self—bias is ap-
plied to thereby form the film. Thus, a minute and
smooth DLC film can be obtained.

[0049] Also, the DLC film is characterized by including
a transparent or semi-transparent insulating film with re-
spect to a ‘visible light.
[0050] Further, in this specification, the term transpar-
ent with respect to the visible light means a state in
which transmittance ofthevisible light is 80 to 100% and

' theterm semi—transparent with respect to the visible light

DMQI'V'V‘JIT (ED

means a state in which transmittance of the visible light
is 50 to 80%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] In the accompanying drawings:

FIGs. 1A to 10 are sectional views in accordance

with Embodiment Mode 1 of the present invention;
FIG. 2 is atop view in accordance with Embodiment
Mode 1 of the present invention;
FIGS. 3A to 3D each show a terminal portion in ac-
cordance with Embodiment Mode 1 of the present
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invention;
Fle. 4A and 48 each show a laminate structure in
accordance with Embodiment Mode 2 of the

present invention;
FIGS. 5A and SB are top views in accordance with
Embodiment Mode 3 of the present invention;
FIGS. 6A to 6C are sectional views in accordance

with Embodiment Mode 3 of the present invention;
FIGs. 7A to 7C are top views in accordance with
Embodiment Mode 3 of the present invention;
FIGS. 8A to BC each show a mask in accordance

with Embodiment Mode 3 of the present invention;
FIGS. 9A to 90 are sectional views in accordance

with Embodiment Mode 4 of the present invention;
FIGS. 10A to 100 are sectional views in accordance

with Embodiment Mode 5 of the present invention;
FIG. 11 shows an example of a manufacturing ap-
paratus in accordance with Embodiment 2 of the
present invention;
FIG. 12 shows an example of a manufacturing ap-
paratus in accordance with Embodiment 2 of the
present invention;
FIGS. 13A to 13F each show an example of an elec—
tronic device; and
FIGs. 14A to 140 each show an example of an elec-
tronic device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] Embodiment modes of the present invention
will be described below.

[Embodiment Mode 1]

[0053] FIG. 2 is a top view of an EL module. In the
figure, over a substrate (also referred to as TFI' sub-
strate) where a number of TFTs are provided, there are
formed a pixel portion 40 used for display, driver circuits
41 a and 41 b for driving pixels of the pixel portion, a con-
necting portion for connecting an electrode fomed on
an EL layer and a lead wiring, and a terminal portion 42
to which an FPC is attached for connecting an external
circuit therewith. Also, a substrate for sealing an EL el-
ement and a sealing member 33 are used to attain a
sealed state. FIG. 1A is a sectional view taken along the
dashed line A-A' of FIG. 2.

[0054] The pixels are arranged regularly in the direc—
tion of the'dashed line A-A‘. Here, an example of the
pixels arranged in the order of R, G, and B in an X di-
rection will be shown.

[0055] In FIG. 1A, a light emitting region (R) indicates
a region for emitting a red light; a light emitting region
(G), a region for emitting a green light; and a light emit-
ting region (B), a region for emitting a blue light. These
light emitting regions of three colors realize a light emit-
ting display device capable of full color display.
[0056] Also, in FIG. 1A. aTFI‘1 is an elementforcon-
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trolling a current flowing in an EL layer 17 emitting a red
light and reference numerals 4 and 7 denote source or
drain electrodes. Further, a TFT 2 is an element for con-

trolling a current flowing in an EL layer 18 emitting a
green light and reference numerals 5 and 8 denote
source or drain electrodes. A TFI‘ 3 is an element for

controlling a current flowing in an EL layer 19 emitting
a blue light and reference numerals 6 and 9 denote
source or drain electrodes. Reference numerals 15 and

16 denote interlayer insulatingfilms formed of an organ-
ic insulating material or an inorganic insulating film ma-
terial.

[0057] Reference numerals 11 to 13 each denote an
anode (or a cathode) of the organic light emitting ele-
ment and 20 denotes a cathode (or an anode) of the

organic light emitting element. In this example, the oath-
ode 20 is made of a laminate film consisting of a thin
metal layer (typically, an alloy of MgAg, Mgln, AILi, or
the like) and a transparent conductive film (an alloy of
an indium oxide and a tin oxide (ITO), an alloy of an in-
dium oxide and a zinc oxide (ln203~ZnO), a zinc oxide
(ZnO), andthe like), through which light from the respec-
tive light emitting elements passes. Note that, the trans—
parent conductive film is provided not to function as a
cathode but to decrease the electric resistance As an

anode, the following may be used: a material having a
high work function, specifically, platinum (Pt), chromium
(Cr), tungsten (W), or a nickel (Ni); a transparent con-
ductive film (ITO, ZnO, orthe like); and a laminate there-
of.

[0058] Also, organic insulators 24 (also referred to as
barrier or bank) cover both ends of the anodes (or cath-
odes) 11 to 13 and portions therebetween. Further, the
organic insulators 24 are covered with inorganic insu—
lating films 14. An organic compound layer is partially
formed on each organic insulator 24.
[0059] On the organic insulators 24 (also referred to
as barrier or bank) covered with the inorganic insulating
films 14, auxiliary electrodes 21 are formed. The auxil-
iary electrodes 21 function to decrease an electric re-
sistance value of the cathode (orthe anode). The above—
mentioned transparent conductive film has a relatively
high resistance value, so that it is difficult to achieve a
large screen. However, by providing the auxiliary elec-
trodes 21, the electrodes sewing as a cathode (or an
anode) can be reduced in resistance as a whole. In ad-
dition, the thickness of the transparent conductive film
can be reduced.

[0060] Further, connection with the wiring or the elec-
trode on the lower layer is achieved using the auxiliary
electrodes 21 . The auxiliary electrodes 21 may be sub-
jected to film formation or patterning before the EL layer
is formed. Through a sputtering method, an evaporation
method, or the like, the auxiliary electrodes 21 may be
formed of poly-Si doped with an impurity element im-
parting a conductivity type, an element selected from the
group consisting of W, WSix, Al, ‘I’i,'Mo, Cu, Ta, Cr, and
Mo, a film mainly containing an alloy material or a com—
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pound material mainly containing the element, or a lam-
inate film thereof. Thus, if the transparent conductive
film is formed on the auxiliary electrodes 21 in contact
therewith which are brought into contact with the elec-
trode on the lower layer, the cathode can be led out.
Note that, FIG. 1C is a sectional view taken along the
dashed line C—C' of FIG. 2. In FIG. 1C), electrodes con-
nected by the dotted line are electrically connected to
each other. Also, in the terminal portion, an electrode of
the terminal is formed of the same material as a cathode
10.

[0061] Also, a sealing substrate 30 is bonded thereto
using the sealing member 33 so as to maintain an inter-
val of about 10 um, so that all the light emitting elements
are sealed. Here, it is desirable to turn the sealing mem-
ber 33 into a shape like a frame with a small width so as
to partially overlap the driver circuit. Annealing is pref-
erably performed in the vacuum for degassing immedi-
ately before the sealing substrate 30 is bonded thereto
using the sealing member 33. Also, it is preferable to
bond the sealing substrate 30 thereto in an atmosphere
containing hydrogen and an inert gas (rare gas or nitro—
gen) and. to allow the space sealed by a protective film
32, the sealing member 33, and the sealing substrate
30 to contain hydrogen. Heat generatedwhen the light
emitting element emits a light is utilized, which makes it
possible to diffuse hydrogen from the space containing
it to thereby terminate defects in the organic compound
layer with hydrogen. By terminating the defects in the
organic compound layer with hydrogen: the light emit-
ting device can be increased in its reliability.
[0062] Further, in order to increase color purity, color
filters corresponding to the respective pixels are provid-
ed on the sealing substrate 30. Among the color filters,
a red colored layer 31b is provided opposite to the red

light emitting region (R), a greert colored layer 31c is
provided opposite to the green light emitting region (G),
and a blue colored layer 31 d is provided opposite to the
blue light emitting region (B). Further, regions otherthan
the light emitting regions are light-shielded with black
portions of the color filters, is, light-shielding portions
31a. Here. the light-shielding portions 31a are formed
of a metal film (containing chromium etc.) or an organic
film containing a black pigment.
[0063] In the present invention, provision of the color
filters makes a circular polarization plate unnecessary.
[0064] Also, FIG. 1B is a sectional view taken along
the dashed line B-B' of FIG. 2. Also in FIG. 1B, the in-
organic insulating films 14 cover both ends of portions
denoted by 11a to 11c and regions therebetween. In this
case, although an example in which an EL layer 17 emit-
ting a red light is used in common is shown, the present
invention is not particularly limited to the above. It may
be also possible to form the EL layer for each pixel emit-
ting the same color.
[0065] Also, in FIGs. 1A to 1C, the protective film 32
is formed so as to increase reliability of the light emitting
device, which is an insulating film mainly containing sil-
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icon nitride or silicon oxynitride and formed by the sput-
tering method. Also, in FIGS. 1A to 16, the protective
film is preferably made as thin as possible such that an
emitted light passes therethrough.
[0066] Further, the protective film 32 is formed after a
film containing hydrogen is formed in order to increase
reliability ofthe light emitting device. By forming the film
containing hydrogen prior to the formation of the protec-
tive film 32, the defects in the organic compound layers
17 to 19 are terminated. The film containing hydrogen
may be a thin film mainly containing carbon or a silicon
nitride film. As for a method oflorming the film containing
hydrogen, the film is formed by a plasma CVD method
or a sputtering method within a range of temperature to
which the organic compound layer can be resistant, for
example, a range from room temperature to 100°C or
less. Note that, in FIGs. 1A to 10, the film containing
hydrogen is assumed to partially constitute the protec—
tive film and thus is omitted in the figure. Also, the film
containing hydrogen may be used as a buffer layer for
relaxing a film stress of the protective film 32.
[0067] Needless to say, the present invention is not
limited to the structure of FIG. 10. An example of a struc-
ture partially different from the one of FIG. 10 is shown
in FIGs. 3A to 3D. Here, in FIGs. 3A to 3D, components
identical to those of FIGs. 1A to 10 are denoted by iden—
tical symbols for simplicity.
[0068] FIG. 10 shows an example in which the elec-
trode formed of the same material as the cathode (trans-
parent electrode) is provided in the terminal portion.
However, FIG. 3A shows an example in which an elec-
trode formed of the same material as a gate electrode
of the TFI' (a W film as an upper layer and a TaN film
as a lower layer) is used to achieve connection with an
FPC.

[0069] Also, FIG. SB shows an example in which an
electrode 10 made of the same material as a pixel elec-
trode (anode) is used to achieve connection with the
FPC. In this example, the electrode 10 is formed on the
electrode made of the same material as the gate elec-
trode of the TFT (a W film as-an upper layer and a TaN
film as a lower layer) in contact therewith.
[0070] FIG. 3C shows an example in which an elec-
trode for achieving connection with the FPC is an elec—
trode formed of the same material as the cathode 20

(transparent electrode) formed on the electrode 10
made of the same material as the pixel electrode (an—
ode) formed on the lead wiring (wiring in which a TIN
film, an Al film, and a TIN film are laminated in the stated
order) of the TFT.
[0071] FIG. 3D shows an example in which an elec—
trode for achieving connection with the FPC is an elec—
trode made of the same material as the cathode 20

(transparent electrode) formed on the lead wiring (wiring
in which a TIN film, an Al film, and a TIN film are lami—
nated in the stated order) of the TFT.
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[Embodiment Mode 2]

[0072] Here, the film containing hydrogen and the pro-
tective film will be described with reference to FIGS. 4A
and 4B.

[0073] FIG. 4A is a schematic diagram showing an ex-
ample of a laminate structure ofthe EL element. In FIG.
4A, reference numeral 200 denotes a cathode (or an an—

ode); 201, an EL layer; 202, an anode (or a cathode);
203, a DLC film containing hydrogen; and 204, a pro—
tective film. When the emitted light is caused to pass
through the anode 202, a conductive film having a light—
transmissive property (ITO, ZnO, etc.) is preferably
used as the anode 202. Also, as the cathode 200, a met—

al film (an alloy film of MgAg, Mgln, AlLi, etc. or a film
formed by coevaporation of aluminum and an element
belonging to Group 1 or2 in the periodic table) or a lam-
inate thereof is preferably used.
[0074] The protective film 204 may be made of an in-
sulating film mainly containing silicon nitride or silicon
oxynitride which is obtained by asputtering method (DC
system or RF system). The silicon nitride film may be
obtained by using a silicon target through the formation
in an atmosphere c‘ontaining nitrogen and argon. Also,
a silicon nitride target can be used. The protective film
204 may be also formed by a film formation apparatus
using a remote plasma. Further, when the emitted light
is caused to pass through the protective film, it is pref—
erable that the protective film is made as thin as possi—
Die.

[0075] The DLC film 203 containing hydrogen con—
tains carbon and hydrogen with the contents of 70 to 95
atoms% and 5 to 30 atoms%, respectively and thus is
extremely hard and superior in an insulating property.
The DLC film containing hydrogen may be formed by a
plasma CVD method (typically, RF plasma CVD meth-
od, microwave CVD method, electron cyclotron reso—
nance (ECR) CVD method, or the like), a sputtering
method, or the like.
[0076] As a method of framing the DLC film 2013 con-
taining hydrogen, the film is formed within a range of
temperature to which the organic compound layer can
be resistant, for example, a range from room tempera—
ture to 100°C or less.

[0077] As a reaction gas used for the film formation
when the plasma is generated, a hydrogen gas and a

hydrocarbon-based gas (e.g., CH4, CZHZ, CGHG, or the
like) may be used.
[0078] Heat treatment is performed within a range of
temperature to which the organic compound layer can
be resistant and heat generated when the light emitting
element emits the light is utilized, so that hydrogen can
be diffused from the DLC film containing hydrogen to
terminate defects in the organic compound layer with
hydrogen (termination). By terminating the defects in the
organic compound layer with hydrogen, the light emit-
ting device can be increased in its reliability. Also, when
the DLC film containing hydrogen is formed. hydrogen
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turned into a plasma can be used to terminate-defects
in the organic compound layer with hydrogen In addi-
tion, the protective film formed so as to cover the DLC
film containing hydrogen functions to block hydrogen
diffused toward the protective film side and to efficiently
diffuse hydrogen into the organic compound layer to
thereby terminate defects in the organic compound lay-
er with hydrogen as well. Note that, the DLC film con—
taining hydrogen can serve as the protective film for the
light emitting element.
[0079] Further, the DLC film containing hydrogen can
also serve as a buffer layer. When the silicon nitride film
is formed in contact with the film made ofthe transparent
conductive film by a sputtering method, there is a pos-
sibility that impurities (In, Sn, Zn, etc.) contained in the
transparent conductive film are mixed into the silicon ni—
tride film. However, by forming the DLC film containing
hydrogen as a buffer layer therebetween, it is also pos-
sible to prevent mixture of the impurities into the silicon
nitride film. According to the above structure, the buffer
layer is formed, so that the impurities (in, Sn, etc.) can
be prevented from mixing therein from the transparent
conductive film and a superior protective film having no
impurities can be formed.
[0080] With such a structure, it is possible to improve
reliability as well as to protect the light emitting element.
[0081] Also, FIG. 4B is a schematic diagram showing
another example of the laminate structure of the EL el-
ement. In FIG. 48, reference numeral 300 denotes a

cathode (or an anode); 301, an EL layer; 302, an anode
(or a cathode); 303, a silicon nitride film containing hy-
drogen; and 304. a protective film. When the emitted
light is caused to pass through the anode 302, it is prefv
erable to form the anode 302 using a conductive mate-

rial having a light-transmissive property, an extremely
thin metal film (MgAg), or a laminate thereof.
[0082] Also, when the emitted light is caused to pass
through the anode 302, as the anode 302, a conductive
film (ITO, ZnO, etc.) having a light-transmissive property
is preferably used. Further, as the cathode 300, a metal
film (an alloy film of MgAg, Mgln, AlLi, etc. or a film
formed by coevaporation of aluminum and an element
belonging to Group 1 or2 in the periodic table) or a lam—
inate thereof is preferably used.
[0083] The protective film 304 may be made of an in—
sulating film mainly containing silicon nitride or silicon
oxynitride which is obtained by a sputtering method (DC
system or RF system). The silicon nitride film may be
obtained by using a silicon target through the formation
in an atmosphere containing nitrogen and argon. Also,
a silicon nitride target can be used. The protective film
304 may be also formed by a film formation apparatus
using a remote plasma. Further, when the emitted light
is'caused to pass through the protective film, it is pref-
erable that the protective film is made as thin as possi-
ble. ‘

[0084] The silicon nitride film 303 containing hydro-
gen may be formed by a plasma CVD method (typically,
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RF plasma CVD method, microwave CVD method, elec-
tron cyclotron resonance (ECR) CVD method, or the
like), an RF sputtering method. a DC sputtering method,
or the like.

[0085] As a method of forming the silicon nitride film
303 containing hydrogen, the film is formed within a
range of temperature to which the organic compound
layer can be resistant, for example, a range from room
temperature to 100°C or less.
[0086] When the plasma CVD method is used as the
forming method forthe silicon nitride film 303 containing
hydrogen, as a reaction gas, a gas containing nitrogen
(nitrogen oxide-based gas represented by N2 and
NHaNOx orthe like) and a hydrogen silicide-based gas
(e.g., silane (SiH4), disilane, trisilane, etc.) may be used.
[0087] When the sputtering method is used as the
forming method forthe silicon nitride film 303 containing
hydrogen, a silicon nitride film containing hydrogen may

be obtained by using a silicon target through the forma—
tion in an atmosphere containing hydrogen, nitrogen,
and argon. Also, a silicon nitride target may be used.‘
[0088] Heat treatment is performed within a range of
temperature to which the organic compound layer can
be resistant and heat generated when the light emitting
element emits the light is utilized, so that hydrogen can
be diffused from the silicon nitride film containing hydro-
gen to terminate defects in the organic compound layer
with hydrogen (termination). By terminating the defects
in the organic compound layer with hydrogen, the light
emitting device is increased in its reliability. Also, when
the silicon nitridefilm containing hydrogen islormed, hy-
drogen turned into a plasma can be used to terminate
the defects in the organic compound layer with hydro-
gen. In addition, the protective film formed so as to cover
the silicon nitride film containing hydrogen functions to
block hydrogen diffused toward the protective film side
and to efficiently diffuse hydrogen into the organic com-
pound layer to thereby terminate defects in the organic
compound layer with hydrogen as well. Note that, the
silicon nitride film containing hydrogen can also serve
as the protective film for the light emitting element.
[0089] Further, the silicon nitride film containing hy—
drogen can serve as a buffer layer as well. When the
silicon nitride film is formed in contact with the film made

of the transparent conductive film by a sputtering meth~
od, there is a possibility that impurities (ln, Sn, Zn, etc.)
contained in the transparent conductive film are mixed
into the silicon nitride film. However, by forming the sil-
icon nitride film containing hydrogen as a buffer layer
therebetween, it is also possible to prevent mixture of
the -impurities into the silicon nitride film. According to
the above structure, the buffer layer is formed, so that
the impurities (ln, Sn, etc.) can be prevented from mixing
therein from the transparent conductive film and a su—
perior protective film having no impurities can be
lorrned.

[0090] With such a structure, it is possible to improve
reliability as well as to protect the light emitting element.
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[0091] Also, FIGS. 4A and 4B show an example in
which the film containing hydrogen is provided as a sin-
gle layer, but the Trim may be a laminate consisting of
the silicon nitride f 2"! containing hydrogen and the DLC
film containing hydrogen or a laminate thereof having
three or more layers.
[0092] Further, this embodiment mode can be applied
not only to an active matrix display device but also to a
passive display device. '
[0093] Also, this embodiment mode can be freely
combined with Embodiment Mode 1.

[Embodiment Mode 3]

[0094] Here, FIGS. 6A to 60 show an example of a
structure partially different from FIGs. 1A to 1C. In this
example, among a number of pixels arranged regularly
in the pixel portion, pixels in a 3 x 3 matrix are used by
way of example and the present invention will be de-
scribed below. Note that, in a sectional structure, TFl's
of FIGS. 6A to 60 are substantially the same as those
of FIGS. 1A to 10 and thus components identical to
those of FIGS. 1A to 1C are denoted by identical refer-
ence numerals for simplicity.
[0095] FIG. 6A is a sectional view taken along the al-
ternate long and short dash line A-A' of FIG. 5A. A light
emitting region 50R indicates a red light emitting region;
a light emitting region 50G, a green light emitting region;
and a light emitting region SOB, a blue light emitting re-
gion. These light emitting regions of three colors realize
a light emitting display device capable of full color dis—
play.
[0096] As shown in FIG. 6A, this embodiment mode
employs an example in which patterning is performed
using the same mask. Thus, an auxiliary electrode 621
and an organic insulator 624 have substantially the
same shape as viewed from the above. In this case, as
shown in FIG. 6C, the auxiliary electrode 621 is electri-
cally connected to the wiring made of the same material
as a source wiring through the cathode 20.
[0097] Also, the pixel electrode 612 (612a to 812C) is
formed on the interlayer insulating film 15 and contact
holes of the TFl's are formed after the pixel electrode
612 is formed, through which electrodes 607 and 608
subsequently formed electrically connect the pixel elec-
trode 612 and the TFTs. The inorganic insulating films
14 cover both ends of the pixel electrodes and portions
therebetween. Also, similarly to FIGS. 1A to 1c, the or-
ganic compound layer is formed so as to partially cover
the organic insulator 624.
[0098] FIG. SB is a top view showing a pixel electrode
immediately after its fomtation, which corresponds to
FIG. 5A. In FIGs. 5A and 58, the organic compound lay-
er is provided for each pixel column (Y direction). The
organic insulator 624 in a strip shape is provided be—
tween the organic compound layers differing from each
other in color of the emitted light in a strip shape. Also,
in FIG. 5A, the organic insulator 624 and the auxiliary
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electrode 621 are provided for each pixel column (Y di-
rection).
[0099] FIG. 7A is a top view corresponding to FIGS.
5A to 6C. In FIG. 7A, the connection portion in the left-
hand portion is partially shown in the right—hand portion
in section, which corresponds to the portion shown in
FIG. 6C. Further, when the auxiliary electrode 621 and
the organic insulator of FIG. 7A are subjected to pattern-
ing, a metal mask shown in FIG. 8A as an example is
used therefor,

[0100] Also, when the film thickness in total of the or-
ganic insulator and the auxiliary electrode is relatively
large, steps are increased, so that there is a possibility
that the transparent conductive film is difficult to use for
electrical connection. In particular, in the case where the
transparent conductive film is made thin, a line defect
may occur due to a poor coverage. Therefore, in order
to further ensure connection between the auxiliary elecs
trode 621 and the electrode on the lower layer, as shown
in FIG. 7B, the number of masks may be increased to
form electrodes denoted by 622. Also, the metal mask
may be used to form the electrodes 622 by an evapora-
tion method.

[0101] In addition, as shown in FIG. 7C, a wiring 623
made of the same material as the source wiring is
formed in advance so as to surround the pixel portion.
Following this, second auxiliary electrodes 624 may be
formed so as to intersect the auxiliary electrodes 621 at
right angles. With this arrangement, each second aux-
iliary wiring 624 can be provided so as to directly contact
the wiring 623 as weil as the auxiliary electrode 821.
Here, the auxiliary electrode 621 and the second auxil-
iary electrode 624 are designed such that a portion ther—
ebetween serves as the light emitting region as appro-
priate. Also, when the second auxiliary electrode 624 of

FIG. 7A is subjected to patterning, .a metal mask shown
in FIG. BB as an example is used therefor.
[0102] Further, FIG. 70 shows an example in which
patterning is performed twice to form the first auxiliary
electrode 621 and the second auxiliary electrode 624.
However, the auxiliary electrodes may be formed in a
lattice shape using the metal mask shown in FIG. 80.
As shown in a right—hand portion of FIG. 80, openings
are divided along the thin line. At thetime of evaporation,
there is a wrap-around portion, which partially makes a
film thin, but the auxiliary electrodes can be formed in a
lattice shape,
[0103] Also, this embodiment mode can be freely
combined with Embodiment Mode 1 or 2.

[Embodiment Mode 4]

[0104] Here, an example of a structure partially differ-
ent from FIGs. 1A to 10 is shown in FIGS. 9A to QC. In

this example, among a number of pixels arranged reg-
ularly in the pixel portion= pixels in a 3 x 3 matrix are
used by way of example and the present invention will
be described below. Note that, in a sectional structure,
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the structure is substantially the same as those of FIGS.
1A to 1G except that the organic insulator 24 is not pro-
vided and an organic compound layer 60 made of a pol-
ymer is provided on the entire surface. Thus, in FIGs.
9A to 90, components identical to those of FIGs. 1A to
1C are denoted by identical reference numerals for sim—
plicity. Also, FIG. 9A is a sectional view taken along the
dashed line A»A' of FIG. 2.

[0105] Instead of providing in the structure of FIGS.
9A to 90 the organic insulator 24 shown in FIGS. 1A to
1C, the inorganic insulating films 14 and auxiliary elec-
trodes 721 serve to maintain the intervals among the
organic compounds 17, 18, and 19,
[0106] Also, the organic compound layer 60 made of
a polymer (typically, poly(ethylene dioxythiophene)/poly
(styrene sulfonate) aqueous solution (hereinafter, re-
ferred to as "PEDOT/F’SS") which serves as a hole in-
jection layer for reference's sake) is formed by a coating
method such as a spin coating method or a spray meth-
od and thus is formed on the entire surface. Also, the
organic compound layer 60 made of a polymer has con—
ductivity, through which electrical connection between
the cathode 20 and the auxiliary electrode 721 is
achieved. By providing the auxiliary electrode 721, the
cathode (or the anode) can be decreased in resistance
in its entirety. In addition, the transparent conductivefilm
can be made thin. Further, the auxiliary electrode 721 is
used to achieve connection with the wiring or electrode
in the lower layer. The auxiliary electrode 721 may be
subjected to film formation or patterning before the EL
layer is formed. It the transparent conductive film is
formed on the auxiliary electrode 721 brought into con-
tact with the electrode in the lower layer, the cathode
can be led out. Note that, FIG. 9C: is a sectional view

taken along the dashed line 00' of FIG. 2. Further, in
HS. QC, electrodes connected by the dotted line are
electrically connected to each other. In the terminal por—
tion, the electrode of the terminal is formed of the same
material as the cathode 20.

[0107] Further, FIG. QB is asectional view taken along
the dashed line B-B' of FIG. 2. Also in FIG. QB, the in-

.organic insulating films 14 cover both ends of portions
denoted by 11 a to 11c and regions therebetween. In this
case, although an example in which an EL layer 17 emit-
ting a red light is used in common is shown, the present
invention is not particularly limited to the above. It may
be also possible to form the EL layerfor each pixel emit-
ting the same color.
[0108] Further, this embodiment mode can be freely
combined with one of Embodiment Mode 1 to Embodi—
ment Mode 3.

[Embodiment Mode 5]

[0109] Here, an example of a structure partially differ-
ent from Fle. 1A to 10 is shown In FIGs. 10A to 100.

lnthis example, among a numberof pixels arranged reg-
ularly in the pixel portion, pixels in a 3 x 3 matrix are
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used by way of example and the present invention will
be described below. Note that, in a sectional structure,
the structure is substantially the same as those of FIGS.
1A to 1C except that auxiliary wirings 821 are provided
on the cathode 20. Thus, in FIGs. 10A to 1°C, compo-
nents identical to those of FIGs. 1A to 10 are denoted

by identical reference numerals for simplicity. Also, FIG.
10A is a sectional view taken along the dashed line A—A'
of FIG. 2.

[0110] Also, the auxiliary electrodes 821 are formed
on the cathode and thus is formed by an evaporation
method using the metal mask. In this case, an example
in which the auxiliary electrode 821 is formed in a lattice
shape. By providing the auxiliary electrode 821, the
cathode (or the anode) can be decreased in resistance
in its entirety. In addition, the transparent conductive film
can be made thin. Further, the auxiliary electrode 821 is
used to achieve connection with the wiring or electrode
in the lower layer. If the transparent conductive film is
formed on the auxiliary electrode 821 brought into con—
tact with the electrode in the lower layer, the cathode
can be led out. Note that, FIG. 100 is a sectional view
taken along the dashed line C-C' of FIG. 2. Further, in
FIG. 100, electrodes connected by the dotted line are
electrically connected to each other. In the terminal por—
tion, the electrode of the terminal is formed of the same
material as the cathode 20.

[0111] Further, this embodiment mode can be freely
combined with one of Embodiment Mode 1 to Embodi—
ment Mode 4.

[0112] The present invention thus structured will be
further described using the following embodiments in
detail.

[Embodiment 1]

[0113] In this embodiment, the active matrix type light
emitting device formed on the insulating surface is de-
scribed. As an active element, a thin film transistor is
used (hereinafter referred to as TFI') here, a MOS tran—
sistor may also be used.
[0114] A top gate TFI' (specifically a planar TFI') is
shown as an example, a bottom gate TFI’ (typically in-
verse staggered TFT) may also be used.
[0115] In this embodiment, a glass substrate is used,
which is made of barium borosilicate glass or alumi-
noborosilicate glass, a quartz substrate, a silicon sub-
strate, a metal substrate, or stainless substrate forming
an insulating film on the surface may be used as a sub-
strate. A plastic substrate having heat resistance endur—
ing a treatment temperature of this embodiment also
may be used, and further a flexible substrate may be
used.

[0116] Next, a silicon oxynitride film is formed as a
lower layer of a base insulating film on a heat-resistant
glass substrate with a thickness of 0,7 mm by plasma
CVD at a temperature of 400°C using SIH4, NHS, and
N20 as material gas (the composition ratio: Si 2 32%,
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O = 27%, N = 24%, H = 17%). The silicon oxynitride film
has a thickness of 50 nm (preferably 10 to 200 nm). The
surface of the film is washed with ozone water and then

an oxide film on the surface is removed by diluted fluoric
acid (diluted down to 1/100). Next, a silicon oxynitride
film is formed as an upper layer of the base insulating
film by plasma CVD at a temperature of 400°C using
Sit-l4 and N20 as material gas (the composition ratio: Si
= 32%, O = 59%, N = 7%, H = 2%). The silicon oxynitride
film has a thickness of 100 nm (preferably 50 to 200 nm)
and is laid on the lower layer to form a laminate. Without
exposing the laminate to the air, a semiconductor film
having an amorphous structure (here, an amorphous sil-
icon film) is formed on the laminate by plasma CVD at
a temperature of 300°C using SiH4 as material gas. The
semiconductor film (an amorphous silicon film is used
here) is 54 nm (preferably 25 to 200 nm) in thickness.
[0117] A base insulating film in this embodiment has
a two-layer structure. However, the base insulating film
may be a single layer or more than two layers of insu-
lating films mainly containing silicon. The material of the
semiconductor film is not limited but it is preferable to
form the semiconductorfilm from silicon or a silicon ger—
manium alloy (SixGe_1_X (X = 0.0001 to 0.02)) by a known
method (sputtering, LPCVD, plasma CVD, or the like).
Plasma CVD apparatus used may be one that process-
es wafer by wafer or one that processes in batch. The
base insulating film and the semiconductor film may be
formed in succession in the same chamber to avoid con-
tact with the air.

[0118] The surface of the semiconductor film having
an amorphous structure is washed and then a very thin
oxide film, about 2 nm in thickness, is formed on the sur-
face using ozone water. Next, the semiconductor film is
doped with a minute amount of impurity element (boron
or phosphorus) in order to control the threshold of the
Tl-‘l's. Here, the amorphous silicon film is doped with bo—
ron by ion doping in which diborane (BzHe) is excited by
plasma without mass separation. The doping conditions
include settingthe acceleration voltageto 15 kV, the flow
rate of gas obtained by diluting diborane to 1% with hy-
drogen to 30 sccm, and the dose to 2 x 1012 atoms/cm?
[0119] Next, a nickel acetate solution containing 10
ppm of nickel by weight is applied by a spinner. Instead
of application, nickel may be sprayed onto the entire sur—
face by sputtering.
[0120] The semiconductor film is subjected to heat
treatment to crystallize it and obtain a semiconductor
film having a crystal structure. The heat treatment is
achieved in an electric furnace or by irradiation of in-
tense light. When heat treatment in an electric furnace
is employed, the temperature is set to 500 to 650°C and
the treatment lasts for4 to 24 hours. Here, a silicon film

having a crystal structure is obtained by heat treatment
for crystallization (at 550“C for 4 hours) after heat treat—
ment for dehydrogenation (at 500°C for an hour). Al-
though the semiconductor film is crystallized here by
heat treatment using an electric furnace, it may be crys-
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tallized by a lamp annealing apparatus capable of
achieving crystallization in a short time.
[0121] After an oxide film on the surface of the silicon
film having a crystal structure is removed by dilutedfluo-
ric acid or the like, a continuous wave solid-state laser
and the second to fourth harmonic of the fundamental

wave are employed in order to obtain crystals of large
grain size when crystallizing an amorphous semicon-
ductorfilm. Since the laser light irradiation is conducted
in the air or in an oxygen atmosphere; an oxide film is
formed on the surface as a result. Typically, the second
harmonic (532 nm) or third harmonic (355 nm) of a Nd:
YVO4 laser (fundamental wave: 1064 nm) is employed.
When using a continuous wave laser, laser light emitted
from a 10 W power continuous wave YVO4 laser is con-
verted into harmonic by a non-linear optical element. Al-
ternatively, the harmonic is obtained by putting a YVO4
crystal and a non-linear optical element in a resonator.

The harmonic is preferably shaped into oblong or ellip-
tical laser light on an irradiation surface by an Optical
system and then irradiates an irradiation object. The en-
ergy density required at this point is about 0.0T to 100
MW lcm2 (preferably 0.1 to 10 MW /cm2). During the
irradiation, the semiconductor film is moved relative to
the laser light at a rate of 10 to 2000 cm/s.
[0122] Of course, although a TFT can be formed by
using the silicon film having a crystallizing structure be—
fore the second harmonics of the continuous wave

YVO4 laser is irradiated thereon, it is preferablethat the
silicon film having a crystalline structure after the laser
light is irradiated thereon is used to form the TFT since
the silicon film irradiated the laser light thereon has an
improved crystallinity and electric characteristics of TFT
are improved. For instance, although, when TFl’ is
formed by using the silicon film having a crystalline
structure before the laser light is irradiated thereon, a
mobility is almost 300 cmst, when TFT is formed by
using the silicon film having a crystalline structure after
the laser light is irradiated thereon, the mobility is ex-
tremely improved with about 500 to 600 cm2Ns.
[0123] After the crystallization is conducted using
nickel as a metal element that promotes crystallization
of silicon, the second harmonic of the continuous wave

YVO4 laser is irradiated thereon though, not limited
thereof, after the silicon film is formed having an amor-
phous structure and the heat treatment is performed for
dehydrogenation, and the silicon film having a crystal-
line structure may be obtained by the second harmonics
of the continuous wave YVO4 laser may be irradiated.
[0124] The pulse wave laser may be used for as a
substitute of the continuous wave laser. In the case that

the excimer laser of the pulse wave is used, it is prefer-
able that the frequency is set to 300 Hz, and the laser
density is set from 100 to 1000 m.J/cm2 (typically 200 to
800 mJ/cmz). Here, the laser light may be overlapped
50 to 98 %.

[0125] In addition to the oxide film formed by laser
light irradiation, the surface is treated with ozone water
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for 120 seconds to form as a barrier layer an oxide film
having a thickness of 1 to 5 nm in total. The barrierlayer
here is formed using ozone water but it may be fonned
by oxidizing the surface of the semiconductor film hav-

ing a crystal structure through ultraviolet irradiation in 5 ductive film may be semiconductorfilms, typically poly-
an oxygen atmosphere, orformed by oxidizing the sur» crystalline silicon films, doped with phosphorus or other
face of the semiconductor film having a crystal structure impurity elements or may be Ag—Pd-Cu alloy films. The
through oxygen plasma treatment, or by using plasma present invention is not limited to a two-layer structure
CVD, sputtering or evaporation to form an about 1 to 10 conductive film. For example, a three-layer structure
nm thick oxide film. The oxide film formed by the laser 10 consisting of a 50 nm thick tungsten film, 500 nm thick
light irradiation may be removed before the barrierlayer aluminum-silicon alloy (Al-Si) film, and 30 nm thick tita-
is formed. nium nitride film layered in this order may be employed.
[0126] Next, an amorphous silicon film containing ar- When the three-layer structure is employed, tungsten of
gon is formed on the barrier layer by plasma CVD or the first conductive film may be replaced by tungsten
sputtering to serve as a gettering site. The thickness of 15 nitride. the aluminum-silicon alloy (Al-Si) film of the sec-
the amorphous silicon film is 50 to 400 nm, here 150 and conductive film may be replaced by ah aluminum-
nm. The amorphous silicon film is formed in an argon titanium alloy (AI-Ti) film, and the titanium nitride film of
atmosphere with the film formation pressure to 0.3 Pa the third conductive film may be replaced by a titanium
by sputtering using the silicon target. film. Alternatively, a single—layer conductive film may be
[0127] Thereafter, heat treatment is conducted in an 20 used.

electric furnace at 650°C for 3 minutes for getten'ng to [0133] lCP (Inductively Coupled Plasma) etching is
reduce the nickel concentration in the semiconductor preferred for etching of the first conductive film and sec-
film having a crystal structure. Lamp annealing appara- ond conductive film (first etching treatment and second
tus may be used instead of an electric furnace. etching treatment). By using lCP etching and adjusting
[0128] Using the barrier layer as an etching stopper, 25 etching conditions (the amount of electric power applied
the :gettering site, namely, the amorphous silicon film to a coiled electrode, the amount of electric power ap-
containing argon, is selectively removed. Then, the bar- plied to a substrate side electrode, the temperature of
rier layer is selectively removed by diluted fluoric acid. the substrate side electrode, and the like), the films can
Nickel tends to move toward a region having high oxy» be etched and tapered as desired. The first etching
gen concentration during gettering, and therefore it is 30 treatment is conducted after a resist mask is formed.
desirable to remove the barrier layerthat is an oxide film The first etching conditions include applying an RF
after gettering. (13.56 MHz) power of 700 W to a coiled electrode at a
[0129] Next, a thin oxide film is formed on the surface pressure of 1 Pa, employing CF4, Clg, and 02 as etching
of the obtained silicon film containing a crystal structure gas, and setting the gas flow rate ratio thereof to 25/ 25/
(also referred to as a polysiliccn film) using ozone water. 35 10 (sccm). The substrate side (sample-stage) also re-
A resist mask is then formed and the silicon film is ceives an RF power of 150 W (13.56 MHz) to apply a
etched to form island-like semiconductor layers sepa- substantially negative self-bias voltage. The area (size)
rated from one another and having desired shapes. Af- ‘ of the substrate side electrode is 12.5 cm x 12.5 cm and
terthe semiconductor layers are formed, the resist mask the coiled electrode is a disc 25 cm in diameter (here, a
is removed. 40 quartz disc on which the coil is provided). The W film is
[0130] The oxide film is removed by an etchant con- etched under these first etching conditions to taper it
taining fluoric acid, and at the same time, the surface of around the edges. Thereafter, the first etching condi—
the silicon film is washed. Then, an insulating film mainly tions are switched to the second etching conditions with-
containing silicon is formed to serve as a gate insulating out removing the resist mask. The second etching con-
film. The gate insulating film here is a silicon oxynitride 45 ditions include using CF4 and Clz as etching gas, setting
film (composition ratio: Si = 32%, O = 59%, N = 7%, H the gas flow rate ratio thereof to 30 / 30 (sccm), and
= 2%) formed by plasma CVD to have a thickness of 115 giving an RF (13.56 MHz) power of 500 W to a coiled
nm. electrode at a pressure of 1 Pa to generate plasma for
[0131] Next, a laminate of a first conductive film with etching for about 30 seconds. The substrate side (sam-
a thickness of 20 to 100 nm and a second conductive 50 ple stage) also receives an RF power of 20 W (13.56
film with a thickness of 100 to 400 nm is formed on the MHz) to apply a substantially negative self»bias voltage.
gate insulating film. in this embodiment, a tantalum ni- Under the second etching conditions where a mixture of— -
tride film with athickness of50 nm is formed on the gate Cl:4 and CI2 is used, the W film and the TaN film are
insulating film and then a tungsten film with a thickness etchedto almost the same degree. The first etching con-
of 370 nm is laid thereon. The conductive films are pat— 55 ditions and the second etching conditions constitute the
terned by the procedure shown below to form gate elec— first etching treatment.
trodes and wirings. [0134] Next follows the second etching treatment with
[0132] The conductive materials of the first conduc— the resist mask kept in place. The third etching condi-

13
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tive film and second conductive film are elements se-

lected from the group consisting of Ta, W, Ti, Mo, Al, and
Cu, or alloys or compounds mainly containing the above
elements. The first conductive film and the second con-
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tions include using CF4 and Cl2 as etching gas, setting
the gas flow rate ratio thereof to 30/30 (sccm), and giving
an RF (13.56 MHz) power of 500 Wto a coiled electrode

at a pressure of 1 Pa to generate plasma for etching for
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cm3. Here, the same concentration range as the second
impurity region is referred to as a n' region.
[0138] Third doping treatment is conducted without
removing the resist masks. The third doping treatment

60 seconds. The substrate side (sample stage) also re- 5 employs ion doping or ion implantation. As impurity el-
ceives an RF power of 20 W (13.56 MHz) to apply a ements imparts n—type conductivity, phosphorus (P) or
substantially negative self-bias voltage. Then, the third arsenic (As) are used typically. Here, ion doping is used,
etching conditions are switched to the fourth etching theflow rate of gas obtained by diluting phosphine (PH3)
conditions without removing the resist mask. The fourth with hydrogen to 5 °/o is set to 40 seem, the dose is set

etching conditions include using CF4, Cl2, and 02 as 10 to 2 X 1015 atoms/cme, and the acceleration voltage is
etching gas, setting the gas flow rate ratio thereof to 20 set to 80 keV. in this case the masks made from resist
/20 I20 (sccm), and giving an RF (13.56 MHz) power and the second conductive layer serve as masks
of 500 W to a coiled electrode at a pressure of 1 Pa to againstthe impurity element that imparts the n-typecon-
generate plasma for etching for about 20 seconds. The ductivity andthird impurity regions are formed. The third
substrate side (sample stage) also receives an RF pow— 15 impurity regions are doped with the impurity element
er of 20 W (13.56 MHz) to apply a substantially negative that imparts the n-type conductivity in a concentration
self-bias voltage. The third etching conditions and the range oft X 1020 to1 x1021 atoms/cma. Here,the same
fourth etching conditions constitute the second etching concentration range as the third impurity region is re-
treatment. Atthis stage, gate electrode and wirings hav- ferred to as a n* region.
ing the first conductive layer as the lower layer and the 20 [0139] After removing the resist mask and the new re-
second conductive layer as the upper layer are formed. sist mask is formed, the fourth doping treatment is con—
[0135] Next, the resist mask is removed for the first ducted. The fourth impurity regions and the fifth impurity
doping treatment to do‘pe with the entire surface using regions are formed in which impurity elements imparts
the gate electrodes as masks. The first doping treatment p-type conductivity are added to the semiconductor lay-
employs ion doping orion implantation. Here, ion doping 2'5 erformingthe p—channel TFT by the fourth doping treat-
conditions are that the dose is set to 1.5 x 1 O14 atoms/ ment.

cm2, and the acceleration voltage is set from 60 to 100 [0140] The concentration of the impurity element that
keV. As an impurity elements that imparts the n-type imparts the p-type conductivity is set from 1 x 1020 to 1
conductivity, phosphorus (P) or arsenic (As) is typically x 1021 atoms/cm3 to add to the fourth impurity regions.
used. The first impurity regions (n" region) are formed 30 The fourth impurity regions being region (n" region) are
in a self—aligning manner. already doped with phosphorus (P) in the previous step
[01 36] Masks formed from resist are newly formed. At but are doped with the impurity element that imparts the
this moment, since the off current value of the switching p-type conductivity in a concentration 1.5 to 3 times the
TFT is lowered, the masks are formed to overlap the phosphorus concentration to obtain the p-type conduc-
channelfonnation region ofa semiconductor layerform- 35 tivity, Here, a region having the same concentration
ing the switching TFT of the pixel portion, and a portion range as the fourth impurity regions is also called a p+
thereof. The masks are formed to protect the channel region.
formation region of the semiconductor layer forming the [0141] The fifth impurity regions are formed in the re-
p-channel TFT of the driver circuit and the periphery gion overlaps with the taper portion of the second con-
thereof. in addition, the masks are formed to overlap the 40 ductive layer. The impurity elements imparts p-type con-
channel formation region of the semiconductor layer ductivity is added thereto at the concentration range

_forming the current control TFT of the pixel portion and from 1 x 1019 to 1 x 1020 atoms/cm3. Here, the region
the periphery thereof. having the same concentration range as the fifth impu-
[0137] An impurity region (n' region) that overlaps rity regions is also referred to as p‘ region.
with a portion of the gate electrode is formed by con- 45 [0142] Through the above steps, an impurity region
ducting selectively the second doping treatment using having the n-type or p-type conductivity is formed in
the masks from the resist. The second doping treatment each semiconductor layer. The conductive layers be-
is employs ion doping orion implantation. Here, ion dop— come the gate electrode of TFT.
ing is used, the flow rate of gas obtained by diluting» . [0143] An insulating film is formed to coveralmost the
phosphine (PH3) with hydrogen to 5 % is set to 30 scorn, 50 entire surface (not shown). In this embodiment, the sil-
the dose is set to 1.5 x 10“ atoms/cm? and the accel- icon oxide film having 50 nm in thickness is formed by
eration voltage is set to 90 keV. in this case the masks plasma CVD method. 01 course, the insulating film is
made from resist and the second conductive layer serve not limited to a silicon oxide film and a single layer or
as masks against the impurity element that imparts the laminate of other insulating films containing silicon may
n—type conductivity and second impurity regions are 55 be used.
formed. The second impurity regions are doped with the [0144] The next step is activation treatment of the im-
impurity element that imparts the n-type conductivity in purity elements used to dope the semiconductor layers.
a concentration range of 1 x 1016 to 1 X 1017 atoms/ The activation step employs rapid thermal annealing
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(RTA) using a lamp light source, irradiation of a laser,
heat treatment using a furnace, or a combination of
these methods.

[0145] In the example shown in this embodiment, the
interlayer insulating film is formed after the above-de—
scribed activation. However, the insulating film may be
formed before the activation. '

[0146] The first interlayer insulating film made from a
silicon nitride film is formed. Then, the semiconductor
layers are subjected to heat treatment (at 300 to 550°C
for 1 to 12 hours) to hydrogenate the semiconductorlay-
ers. This step is for terminating dangling bonds in the
semiconductor layers using hydrogen contained in the
first interlayer insulating film. The semiconductor layers
are hydrogenated irrespective of the presence of the in-
terlayer insulating film that is a silicon oxide film. Other
hydrogenation methods employable include plasma hy-
drogenation (using hydrogen excited by plasma).
[0147] Next, a second interlayer insulating film is
formed on the first interlayer insulating film from an or-
ganic insulating material. In this embodiment, an acrylic
resin film is formed to have a thickness of 1.6 pm by
application method.
[0148] Formed next are contact holes reaching the

conductive layers that serve as the gate electrodes or
gate wirings and contact holes reaching the impurity re-
gions. In this embodiment, etching treatment is conduct—
ed several times in succession. Also, in this embodi—

ment, the first interlayer insulating film is used as an
etching stopper to etch the second interlayer insulating
film, and then the first interlayer insulating film is etched.
[0149] Thereafter, electrodes, specifically, a source
wiring, a power supply line, a lead-out electrode, a con-
nection electrode, etc. are formed from Al, Ti, M0, or W.
Here, the electrodes and wirings are obtained by pat-
terning a laminate of a TI film (100 nm in thickness), an
Al film containing silicon (350 nm in thickness), and an-
otherTr film (50.nm in thickness). The source electrode,
source wiring, connection electrode, lead-out electrode,
power supply line, and the like are thus formed as need-
ed. A lead-out electrodeforthe contact with a gate wiring
covered with an interlayer insulating film is provided at
an end of the gate wiring, and other wirings also have
at their ends input/output terminal portions having a plu-
rality of electrodes forconnecting to external circuits and
external power supplies. A driving circuit having a
CMOS circuit in which an n—channel Tl-‘l‘ and a p-chan-
nel TFT are combined complementarily and a pixel por-
tion with a plurality of pixels each having an n-channel
TFT or a p—channel TFT are formed in the manner de-
scribed above.

[0150] Next, the third interlayer insulating film made
of inorganic insulating material is formed on the second
interlayer insulating film. In this embodiment, the silicon
nitride film with a thickness of 200 nm is formed by sput-
tering,
[0151] Next, a contact hole that reaches the connec-
tion electrode that contacts with the drain region of the

1331656A2_l_>

EP 1 331 666 A2

10

15

20

25

30

35

40

45

50

55

15

28

current control Tl-‘I’ by p—channel type TFT is formed.
Next, the pixel electrode is formed with connecting and
overlapping the TFT connection electrode. In this em-
bodiment, the materials with a large work function, con-
cretely platinum (Pt), chrome (Cr), tungsten (W), nickel
(Ni), because the pixel electrode is made to function as
an anode of an organic light emitting element.
[0152] Next, inorganic insulators are formed at both
ends to cover the edge of the pixel electrode. Inorganic
insulators with covering the edge of pixel electrode are
made with the insulating film containing silicon by sput-
tering and then performed patterning. Instead of insula-
tors,‘ a bank composed of organic materials may be
formed.

[0153] Next, a supporting electrode is formed on the
inorganic insulators as shown in Embodiment Mode 1.
[01 54] Next, EL layer and a cathode of an organic light
emitting element are formed on the pixel electrode of
which both edges are covered by inorganic insulators.
Inc jet method, evaporation method, spin coating meth-
od and the like may be used for forming the EL layer.
[0155] An EL layer (a layer for light emission and for
moving, of carriers to cause light emission) has a light
emitting layer and a free combination of electric charge
transporting layers and electric charge injection layers.
For example, a low molecular weight organic EL mate-
rial or a high molecular weight organic EL material is
used to form an EL layer. An EL layer may be a thin film
formed of a light emitting material that emits light by sin—
glet excitation (fluorescence) (a singlet compound) or a
thin film formed of a light emitting material that emits
light by triplet excitation (phosphorescence) (a triplet
compound). Inorganic materials such as silicon carbide
may be used for the electric charge transporting layers
and electric charge injection layers. Known organic EL
materials and inorganic materials can be employed.
[01 56] Also, it is assumed as being preferable that as
a material for the cathode, metals having a low work
function (typically, metal elements belonging to Group 1
or Group 2 in the periodic table) or alloys containing
these are used. As the work function becomes lower,
the light emission efficiency becomes higher. Thus, in
particular, it is desirable that a material with a laminate
structure is used as the material for the cathode, which
is obtained by depositing an alloy of MgAg, Mgln, AlLi,
etc. into a thin film or forming a thin film through coevap-
oration of aluminum and an element belonging to Group
1 or2 in the periodic table, and subsequently forming a
transparent conductive film (an alloy of an indium oxide
and a tin oxide (ITO), an alloy of an indium oxide and a
zinc oxide (”laOa'ZnO), an zinc oxide (ZnO), and the
like). _ ‘
[0157] Next, the protective film covering the cathode
is formed. The protective film may be formed of an in—
sulating film mainly containing silicon nitride or silicon
oxynitride by a sputtering method. As shown in Embod-
iment Mode 2, the defects in the EL layer are terminated
with hydrogen (termination) and thus, it is preferable to
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form the film containing hydrogen on the cathode.
[0158] The film containing hydrogen may be formed
of an insulating film mainly containing carbon or silicon
nitride by a PCVD method. Atthe time of film formation,
it is also possible to terminate the defects in the organic
compound layer with hydrogen turned into a plasma.
Heat treatment is performed within a range of tempera-
ture to which the organic compound layer can be resist-
ant and heat generated when the light emitting element
emits light is utilized, so that hydrogen can be diffused
from the film containing hydrogen to terminate defects
in the organic compound layer with hydrogen (termina-
tion).
[0159] Also, the film containing hydrogen and the pro-
tective film are used to prevent from entering from the
outside the substance such as moisture or oxygen
which causes deterioration of the EL layer due to oxida-
tion. Note that, in an inputjoutput terminal portion to be
connected with the FPC later, there is not required to
provide the protective film, the film containing hydrogen,
and the like.

[0160]
of TFTs etc. may be provided to lead to the gate elec-
trode of the TFT arranged in the pixel portion. Needless
to say, there is not imposed a particular limitation ther-
eon.

[0161] Next, the organic light emitting element includ-
ing at least the cathode, the organic compound layer,

and the anode is enclosed by the sealing substrate or a
sealing can, Thus, the organic light emitting element is
preferably blocked from the outside completely to pre-
vent from entering from the outside the substance such
as moisture or oxygen which causes deterioration of the
EL layer due to oxidation. It is preferable that degassing
is performed by annealing in the vacuum immediately
before enclosure with the sealing substrate or the seal-
ing can. Also, when the sealing substrate is bonded to
the substrate, it is preferable that the procedure is per— ‘
formed in an atmosphere containing hydrogen and inert
gas (rare gas or nitrogen) and a space sealed by sealing
contains hydrogen. Heat generated when the light emit—
ting element emits a light is utilized, which makes it pos-
sible to diffuse hydrogen from the space containing hy-
drogen to thereby terminate defects in the organic com—
pound layer with hydrogen. By terminating the defects
in the organic compound layer with hydrogen, the light
emitting device can be increased in its reliability.
[0162] Subsequently, an FPC (flexible printed circuit)
is bonded to each electrode in the input/output terminal
portion by using an anisotropic conductive member. The
anisotropic conductive member consists of resin and
conductive particles having a particle size of several
tens to several hundreds of pm with its surface plated
with Au or the like. The conductive particles serve to
electrically connect each electrode of the input/output
terminal portion and the wiring formed on the FPC.
[0163] Also, the substrate is provided with the color
filters corresponding to the respective pixels and then,
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provision of the color filters makes a circular polarization
plate unnecessary. Further, another optical film may be
provided if necessary and an IC chip etc. may be mount-
'ed thereon.

[0164] Through the above steps, the modularized
light emitting device connected with the FPC is complet—
ed.

[0165] Further, this embodiment can be freely com-
bined with one of Embodiment Mode 1 to Embodiment
Mode 5.

[Embodiment 2]

[0166] In this embodiment, a manufacturing appara-
tus will be shown with reference to FIG. 11.

[0167] In FIG. 11, reference symbols 100a to 100k,
and 100m to 100v each denote a gate; 101 and 109, a
delivery chamber; 102,104a, 107, 108, 111, and 114, a
transportation chamber; 105, 106R, 1068, 1066, 106H,
109, 110, 112, and 113, a film formation chamber; 103,

a pretreatment chamber; 117a and 117b, 'a sealing sub-
strate loading chamber; 115, a dispenser chamber; 116,
a sealing chamber; 118a, a ultraviolet irradiating cham-
ber; and 120, a substrate inverting chamber.
[0168] Hereinafter, the substrate previously having
formed the TFI' thereon is carried in the manufacturing
apparatus shown in FIG. 11 . Here, a procedure forforrn»
ing a laminate structure shown in FIG. 4A is explained.
[0169] First, the substrate is set in the delivery cham-
ber 101, on which the TFT and the cathode (or the an-
ode) 200 are formed, and is then transported to the
transportation chamber 102 connected to the delivery
chamber 101 . It is preferable that vacuum-exhausting is
conducted on the transportation chamber to attain an
atmospheric pressure by introducing the inert gas in ad-
vance such that the moisture or oxygen in the transpor-
tation chamber is suppressed to as low level as possi-
bis.

[0170] Also, the transportation chamber 102 is con-
nected to a vacuum exhausting processing chamber for
making the inside of the transportation chamber vacu—
um. The vacuum exhausting processing chamber is
equipped with a magnetic levitation type turbo molecular
pump, a cryopump, or a dry pump. With this structure,
it is possible that the ultimate vacuum of the transporta-
tion chamber is set to 10’5 to 10'6 Pa and the Impurity
is controlled so as not to diffuse backward from the

pump side or exhausting system. In orderto prevent the
introduction of the impurity into the inside of the appa-
ratus, as a gas to be introduced, an inert gas such as
nitrogen or a rare gas is used. These gases introduced
to the inside of the apparatus are required to be highly
purified by a gas purifier prior to the introduction into the
apparatus when they are used. Accordingly, it is neces-
saryto provide the gas purifier in order to introduce into
the film formation apparatus the gas after being highly
purified. Thus, the oxygen or moisture contained in the
gas and other impurities can be eliminated in advance,
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so that it is possible to prevent such impurities from be-
ing introduced to the inside of the apparatus.
[0171] Also, in order to eliminate the moisture or other
gases contained in the substrate, it is preferable to per-
form annealing for degassing in the vacuum. Therefore,
the substrate is transported to the pretreatment cham—
ber 103 connected to the transportation chamber 102
and annealing may be performed there. Further, when
the surface of the cathode is required to be cleaned, the
substrate is transported to the pretreatment chamber
103 connected to the transportation chamber 102 and
cleaning may be performed there.
[0172] It is also possible to form the poly(ethylene di—
oxythiophene)/poly(styrene sulfonate) aqueous solu-
tion (PEDOT/PSS) serving as a hole injection layer on
the entire surface of the anode as needed. In the man—

ufacturing apparatus of FIG. 11, the film formation
chamber 105 for forming the organic compound layer
made of a polymer is provided. When a spin coating
method, an ink jet method, or a spray method is used
for the formation thereof, the substrate is set under the
atmospheric pressure such that a surface subjected to
film formation is faced upward. The substrate is inverted
as appropriate in the substrate inverting chamber 120
provided between the film formation chamber 105 and
the transportation chamber 102. Also, after the film for-
mation is performed using the aqueous solution, it is
preferable to transport the substrate to the pretreatment
chamber 103 where moisture is vaporized by perform-
ing heat treatment in the vacuum.
[0173] Next, a substrate 1040 is transported to the
transportation chamber 104 from the transportation
chamber 102 without being exposed to the atmosphere
and then, transponed to the film formation chamber
106R by atransportation mechanism 104D to form on
the cathode 200 the EL layer for emitting a red light as
appropriate. Here, an example in which it is formed by
evaporation is shown. The substrate is set in the film
formation chamber 106R after being inverted in the sub—
strate inverting chamber 120 such that the surface sub-
jected to film formation is faced downward. Note that, it
is preferable to perform vacuum exhausting on the film
formation chamber before the substrate is carried there-
rn.

[0174] For example, in the film formation chamber
106R subjected to vacuum exhausting to 5 x 10'3 Torr
(0.665 Pa) or less, preferably 10‘4 to 10'5 Pa in degree
of vacuum, evaporation is conducted. At the time of
evaporation, the organic compounds are vaporized in
advance by resistance heating and are scattered toward
the substrate when a shutter (not shown) is opened at
this time. The vaporized organic compounds are scat-
tered upward and evaporated onto the substrate
through the opening (not shown) provided on the metal
mask (not shown), Note that, upon the evaporation, a
substrate temperature (T1) is set to 50 to 200°C, pref—
erably 65 to 150°C, using a means for heating the sub—
strate.
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[0175] When the three types of EL layers are formed
in order to attain a full color display. after being formed
in the film formation chamber1 06R, they may be formed
through film formation in the film formation chambers
1066 and 1068 in order.

[0176] After the desired EL layer 201 isfonned on the
cathode (orthe anode) 200, the substrate is transported
to the transportation chamber 107 from the transporta-
tion chamber 104 without being exposed to the air and
is subsequently transported to the transportation cham-
ber 108 from the transportation chamber.107 also with-
out being exposed to the air.
[0177] Next, the substrate is transported to the film
formation chamber 109 using a transportation mecha-
nism placed in the transportation chamber 108. The an-
ode 202 made ofa transparent conductivefilm (ITO etc.)
is formed on the EL layer 201 as appropriate. In the case
where the cathode is formed, a thin metal layer serving
as a cathode is formed in the film formation chamber

110, the substrate is then transported to the film forma-

tion chamber 109 to form a transparent conductive film,
and a laminate consisting of the thin metal layer (cath-
ode) and the transparent conductive film is appropriately
formed. In this case, the film formation chamber 110 cor-

responds to an evaporation apparatus including Mg, Ag,
or Al used as the cathode as an evaporation source and
the film fom1ation chamber 109 corresponds to a sput—
tering apparatus including at least a target made of a
transparent conductive material used as the anode.

[0178] Next, the substrate is transported to the film
formation chamber 112 using a transportation mecha—
nism placed in the transportation chamber 108, in which
the film 203 containing hydrogen is formed within a
range of temperature to which the organic compound
layer can be resistant. In this case, the film formation
chamber 112 is provided with a plasma CVD apparatus
and as a reaction gas used for the film formation, a hy-
drogen gas and a hydrocarbon—based gas (e.g., CH4,
C2H2, CSHS, or the like) are used to thereby form the
DLC film containing hydrogen. Note that, there is not im—
posed a particular limitation thereon as long as a means
for generating a hydrogen radical is provided therefor.
At the time of the film formation of the DLC film contain-

ing hydrogen, the defects in the organic compound layer
is terminated with hydrogen turned into a plasma.
[0179] Subsequently, the substrate is transported to
the film formation chamber 113 from the transportation
chamber 108 without being exposed to the air to form
the protectivefilm 204 on thefilm 203 containing hydro—
gen. Here, the sputtering apparatus is employed in
which the target of silicon or silicon nitride is included in
the film formation chamber 113. An atmosphere of the
film formation chamber is set to a nitrogen atmosphere
or an atmosphere containing nitrogen and argon, so that
the silicon nitride film can be formed.

[0180] Through the above steps, the laminate struc»
ture shown in FIG. 4A, i.e., the light emitting element
covered with the protective film and the film containing
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hydrogen is formed on the substrate.
[0181] Next. the substrate having formed the light
emitting element thereon is transported to the transpor~
tation chamber 111 from the transportation chamber108
without being exposed to the air and further, is trans-
ported to the transportation chamber 114 from the trans-
portation chamber 111.
[0182] Following this, the substrate having formed the
light emitting element thereon is transported to the seal-
ing chamber 116 from the transportation chamber 114.
Here, it is preferable to prepare a sealing substrate pro—
vided with a sealing member in the sealing chamber
116.

[0183] The sealing substrate is set in the sealing sub-
strate loading chambers 117a and 117b from the out-
side. Here, in order to eliminate the impurity such as
moisture, It is preferable to perform annealing in ad-
vance in the vacuum, for example, in the sealing sub-
strate loading chambers 117a and 117b. When the seal-
ing member is formed on the sealing substrate, after the
transportation chamber 108 is set to an atmospheric
pressure, the sealing substrate is transported to the dis-
penser chamber 115 from the sealing substrate loading
chamber, the sealing member is formed for bonding it
to the substrate on which the light emitting element is
formed, and the sealing substrate having formed the
sealing member thereon is transported to the sealing
chamber 11 6.

[0184] Next, for degassing the substrate on which the
light emitting element is formed, annealing is performed
in the vacuum or in the inert gas atmosphere. Then, the
sealing substrate having lorrned the sealing member
thereon and the substrate having formed the light emit-
ting element thereon are bonded to each other. Also, a
sealed space is filled with hydrogen or inert gas. Note
that, in this case, an example is shown in which the seal-
ing member is formed on the sealing substrate, but the
present invention is not particularly limited to this and
the sealing member may be formed on the substrate
having formed the light emitting element thereon.
[0185] Next, a pair of substrates bonded to each other
are transported from the transportation chamber 114 to
the ultraviolet irradiating chamber 118, where the sub-
strates are irradiated with a ultraviolet light to cure the
sealing member. Note that, In this example, ultraviolet
curable resln ls used for the sealing member, but any
sealing member can be used with no particular limitation
as long as it is an adhesive.
[0186] Subsequently, thesubstrates are transported
from the transportation chamber 114 to the delivery
chamber 119 and are taken out.

[0187] As described above, the manufacturing appa-
ratus shown in FIG. 11 is used, which makes it possible
to prevent the light emitting element from being exposed
to the outside air until it is completely enclosed in the
sealed space. Thus, the light emitting device high in re-
liability can be manufactured. Note that, the transporta-
tion chambers 102 and 114 take repeatedly a vacuum
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state and a state at atmospheric pressure, whereas the
transportation chambers 104a and 108 are always kept
vacuum. .

[0188] Note that, a film formation apparatus of an in-
line system can be employed.
[0189] Further, FIG. 12 shows a manufacturing appa—
ratus partially different from that of FIG. 11 .
[0190] FIG. 11 shows an example in which the film for-
mation chamberforforming the film using the spin coat-
ing method, ink jet method, or spray method is singly
formed, whereas in an example of the manufacturing
apparatus of FIG. 12, three film formation chambers for
forming the film using the spin coating method, ink jet
method, or spray method are formed. For example,
when three types of EL layers are fon'ned for achieving
a full color display by the spin coating method, ink jet
method, or spray method, after the film formation in the
film formation chamber 121a, they may be formed se-
quentially in the respective film formation chambers
121b and 121c.

[0191] Note that, this embodiment can be freely with

one of Embodiment Mode 1 to Embodiment Mode 5 and
Embodiment 1.

[Embodiment 3]

[0192] The EL modules (active matrix EL module,
passive EL module) can be completed by implementing
the present invention. Namely, all of the electronic
equipments are completed by implementing the present
invention.

[0193] Following can be given as such electronic
equipments: video cameras; digital cameras; head
mounted displays (goggle type displays); car navigation
systems; car stereos;,personal computers; portable in-
formation terminals (mobile computers, cell phones or
electronic books etc.) etc. Examples of these are shown
in FIG. 13 and FIG, 14.

[0194] FIG. 13A is a personal computer which com-
prises: a main body 2001 ; an image input section 2002;
a display section 2003; and a keyboard 2004 etc.
[0195] FIG. 138 is a video camera which comprises:
a main body 2101; a display section 2102; a voice input
section 2103; operation switches 2104; a battery 2105
and an image receiving section 2106 etc.
[0196] FIG. 130 is a mobile computer which compris-
es: a main body 2201 ; a camera section 2202; an image
receiving section 2203; operation switches 2204 and a
display section 2205 etc.
[0197] FIG. 13D is a goggle type display which com-
prises: a main body 2301; a display section 2302; and
an arm section 2303 etc.

[0198] FIG. 13E is a player-using a recording medium
in which a program is recorded (hereinafter referred to
as a recording medium) which comprises: a main body
2401; a display section 2402; a speaker section 2403;
a recording medium 2404; and operation switches 2405
etc. This apparatus uses DVD (Digital Versatile Disc),
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CD, etc. forthe recording medium, and can perform mu-
sic appreciation. film appreciation, games and use for
Internet.

[0199] FIG. 13F is a digital camera which comprises:
a main body 2501; a display section 2502; a viewfinder

2503; operation switches 2504; and an image receiving
section (not shown in the figure) etc.
[0200] FIG. 14A is a portable telephone which com—
prises: a main body 2901; a voice output section 2902;
a voice input section 2903; a display section 2904; op-
eration switches 2905; an antenna 2906; and an image
input section (CCD, image sensor, etc.) 2907 etc.
[0201] FIG. 14B is a portable book (electronic book)
which comprises: a main body 3001; display sections
3002 and 3003; a recording medium 3004; operation
switches 3005 and an antenna 3006 etc.

[0202] FIG. 14C is a display which comprises: a main
body 3101; a supporting section 3102; and a display
section 3103 etc.

[0203] In addition, the display shown in FIG. 140 has
small and medium-sized or large-sized screen, for ex-
ample a size of 5 to 20 inches. Further, to manufacture
the display part with such sizes, it is preferable to mass»
produce by gang printing by using a substrate with one
meter on a side.

[0204] As described above, the applicable range of
the presentinvention is extremely large, and the inven-
tion can be applied to electronic equipments of various
areas. Note that the electronic devices of this embodi-

ment can be achieved by utilizing any combination of
constitutions in Embodiment Modes 1 to 5, Embodiment
1 or 2.

[0205] According to the present invention, the defect
in the organic compound layer can be terminated with
hydrogen, whereby the light emitting device can be in-
creased in its reliability.
[0206] Also, according to the present invention, it is
possible to dispense with the circular polarization film
extremely expensive, whereby the manufacturing cost
can be reduced.

[0207] Also, according to the present invention, it is
possible to realize high definition, high opening ratio,
and high reliability in the flat panel display capable of
full color display using light emission colors of red,
green, and blue.

Claims

1. A light emitting device comprising:

a pixel portion having a plurality of light emitting
elements, each including a first electrode elec—
trically connected to a thin film transistor, an or—
ganic compound layer formed on the first elec—
trode, and a second electrode formed on the
organic compound layer;
a driver circuit; and
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a terminal portion,

wherein an end portion of the first electrode is
covered with an insulator, a third electrode compris-
ing a conductive material is formed on the insulator,
the organic compound layer is formed on the'insul
lator and the first electrode, and the second elec—
trode is formed on the organic compound layer and
in contact with the third electrode, and

wherein a portion where a wiring comprising
a same material asthe third electrode or the second

electrode is connected with a wiring extended from
a terminal is formed between the terminal portion .
and the pixel portion.

A light emitting device according to claim 1 , wherein
the third electrode has a pattern shape identical to
that of the insulator.

A light emitting device according to claim 1 ,wherein
the third electrode has a pattern shape different
from that of the insulator

A light emitting device comprising:

a pixel portion having a plurality of light emitting
elements, each including a first electrode elec-
trically connected to a thin film transistor, an or-
ganic compound layer formed on the first elec-
trode, and a second electrode formed on the

organic compound layer;
a driver circuit; and
a terminal portion,

wherein an end portion of the first electrode is
covered with an insulator, the organic compound
layer is formed on the first electrode and a part of
the insulator, the second electrode is formed on the

organic compound layer, and a third electrode is
formed on a region of the second electrode which
is not overlapped with the first electrode. and

wherein a portion where a wiring comprising
a same material as the third electrode or the second

electrode is connected with a wiring extended from
a terminal is formed between the terminal portion
and the pixel portion.

A light emitting device according to any one of
claims 1 and 4, wherein the second electrode is a
cathode or an anode of the light emitting element.

A light emitting device according to any one of
claims 1 and 4, wherein the third electrode compris-
es at least one selected from the group consisting
of poly-Si doped with an impurity element imparting
a conductivity type, W, WSiX, Al, Ti, Mo, Cu, Ta, Cr,
and Mo, a film mainly containing an alloy material
or a compound material mainly containing thereof,
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or a laminate film thereof.

A light emitting device according to any one of
claims 1 and C. wherein the first electrode is a cath—

ode or an anode ofthe light emitting element.

A light emitting device according to any one of
claims 1 and 4, wherein the insulator is a barrier
comprising an organic resin covered with an inor-
ganic insulating film.

A light emitting device according to any one of
claims 1 and 4, wherein the insulatoris an inorganic
insulating film.

A light emitting device according to any one of
claims 1 and 4, wherein the third electrode compris-
es a laminate having a nitride layer or a fluoride lay—
er as an uppermost layer.

A light emitting device according to any one of
claims 1 and 4, wherein the inorganic insulating film
comprises silicon nitride.

A light emitting device according to any one of
claims 1 and 4, wherein the light emitting device has
a color filter corresponding to each of pixels com-
posed of the light emitting element.

A light emitting device comprising:

a light emitting element over a substrate having
an insulating surface, the light emitting element
including an anode, a cathode, and an organic
compound layer interposed between the anode
and the cathode,

wherein the light emitting element is covered
with a film containing hydrogen.

A light emitting device comprising:

a light emitting element over a substrate having
an insulating surface, the light emitting element
including an anode, a cathode, and an organic
compound layer interposed between the anode
and the cathode,

wherein the light emitting element is covered
with a film containing hydrogen, and

wherein the film containing hydrogen is cov.
ered with a protective film comprising an inorganic
insulating film.

15. A light emitting device comprising:

a light emitting element over a substrate having
an insulating surface, the light emitting element
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including an anode, a cathode, and an organic
compound layer interposed between the anode
and the cathode,

wherein the light emitting element is sealed
with a substrate having a light-transmissive proper—
ty and a sealing member, and

wherein a sealed space contains hydrogen.

A light emitting device according to claim 15, where-
in the light emitting element is covered with the film
containing hydrogen.

A light emitting device according to any one of
claims 13 to 15,

wherein the film containing hydrogen comprises
carbon or a silicon nitride film.

A light emitting device according to any one of
claims 1,4, and 13 to 15, wherein the light emitting
device is incorporated in at least one selected from
the group consisting of a personal computer, a vid-
eo camera, a mobile computer, a goggle type dis!
play, a player using a recording medium, a digital
camera, a portable telephone, an electronic book,
and a car navigation system.

A method of manufacturing a light emitting device
comprising:

forming a thin film transistor on an insulating
surface;

forming a cathode electrically connected to the
thin film transistor;

forming an organic compound layer on the
cathode;

forming an anode on the organic compound
layer; and
forming a film containing hydrogen on the an-
ode.

A method of manufacturing a light emitting device
comprising:

forming a thin film transistor on an insulating
surface;
forming an anode electrically connected to the
thin film transistor;

forming an organic compound layer on the an-
ode;

forrning a cathode on the organic compound
layer; and
forming a film containing hydrogen on the oath-
ode.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
the film containing hydrogen is formed by a plasma
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CVD method or a sputtering method,

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
the film containing hydrogen comprises carbon or a
silicon nitride film.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
a step of forming the organic compound layer is per-
formed by an evaporation method, a coating meth-
od, an ion plating method, or an ink jet method.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
a protective film comprising an inorganic insulating
film is formed on the film containing hydrogen.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
a defect in the organic compound layer is terminat—

ed with hydrogen when the film containing hydro—
gen is formed.

A method of manufacturing a light emitting device
according to any one of claims 19 and 20, wherein
the light emitting device is incorporated in at least
oneselected from the group consisting of a person-
al computer, a video camera, a mobile computer, a
goggle type display, a player using a recording me-

dium, a digital camera, a portable telephone, an
electronic book, and a car navigation system.
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Description

BACKGROUND OF THE INVENTION

1. Technical Field of the lnvenuon

[0001] The present invention relates to a semiconduc—
tor device having a circuit configured with thin-film tran-
sistors (hereinafter, referred to as TFl's) and a method
for manufacturing same. For example, the invention re-
lates to an electronic apparatus mounting, as a part, an
electro‘optical device represented by a liquid-crystal
display or a light-emitting device having OLEDs.
[0002] Incidentally, the semiconductor device in this
description refers to a device as a whole which is capa-
ble of functioning by the utilization of a semiconductor
characteristic, i.e. electro-optical devices, semiconduc—
tor circuits and electronic apparatuses are all fallen un-
der semiconductor devices. '

2. Description of the Related Art

[0003] Recently, attentions are drawn to the art to
structure a thin-film transistor (TFF) by the use of a sem-
iconductorfilm (thickness: approximately severalto sev—
eral hundred nm) formed over a substrate having'an in-
sulating surface. Thin-film transistors are broadly used
on electronic devices. such as ICs and electro—optica)
devices. Particularly, development is hurried up for a

switching element for an image display device.
[0004] Conventionally, the liquid-crystal display is
known as an image display device. There is a tendency
of frequent use of the liquid-crystal display of the active
matrix type because oi the capability of obtaining an im-
age with definition as compared to the passive-type liq-
uid-crystal display devices. In the active—matrix liquid-
crystal display device, a display pattern is formed on the
screen by driving the pixel electrodes arranged in a ma-
trix form. Specifically, by applying a voltage to between
a selected pixel electrode and a counter electrode cor—
respondingto that electrode, optical modulation is done

_in the liquid-crystal layer arranged between the pixel
electrode and the counter electrode. The optical modu-
lation is recognized as a display pattern by the observer.
[0005] Meanwhile, forthe light-emitting devices using
OLEDs, TFl's are requisite elements in realizing active—
matrix drive scheme. Consequently, the light»emitting
device using OLEDs has, on each pixel, at least a TFl'
functioning as a switching element and a TFT supplying
current to the OLED. Light-emitting elements using an
organic compound as phosphors, featured in small
thickness, light weight, high responsibility, direct-current
low voltage drive, are expected forthe application to the
next-generation display panel. In particular, the display
device arranging the light-emitting elements ina matrix
form is considered excellent in respect of its wide view—
ing angle and hence higher visibility as compared to the
conventamal liquid—crystal display device.
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[0006] The luminescent mechanism of a light-emitting
element is considered as follows. That is, by applying a
voltage to a pair of electrodes sandwiching an organic
compound layer, the electrons injected at the cathode
and the holes injected at the anode are recombined at
luminous centers in the organic compound layer. The
molecular exciter, upon retuning to the ground state,
gives off energy causing light emission. The excitation
state is known as singlet excitation and triplet excitation.
EIectro-luminescence is considered possible through
any of the excitation states.
[0007] For the light-emitting device formed by such
light—emitting elements arranged in a matrix form, it is
possible to use drive schemes of passive-matrix drive
(simple matrix type) and active-matrix drive (activema-
trix type). However, in the case with increased pixel den—
sity, the active-matrix type having a switch on each pixel
(or one dot) is considered advantageous because of the
capability of driving at low voltage.
[0008] There are increasing applications of such ac-
tive—matrix type display devices (representatively, liquid—
crystal and light-emitting display devices). With the in-
creasing area in screen size, there are increasing re-
quirements for improving definition, opening ratio and
reliability. At the same time, requirements are toward
production increase and cost reduction.

[0009] Conventionally, where TFl's are fabricated by
using aluminum as a TFT gate interconnection material,
there encounter projections, such as hillocks or whisk-
ers, formed by thermal process or TFT poor operation
or TFT characteristic reduction due to the diffusion of

aluminum atoms into the channel region. To cope with
this, in the case of using a metal material resistive to the
thermal process, representatively high melt-point metal
element, the problem arises that interconnection resist—
ance increases or so with increase in screen area size,

incurring increased power consumption.
[0010] Accordingly, it is a problem of the present in-
vention to provide a stmcture of a semiconductor device
that realizes low power consumption even where in—
creased in screen size, and a method for manufacturing
the same.

SUMMARY OF THE lNVENTlON

[0011] In order to solve the problem, the present in-
vention forms an insulating layer, forms a buried inter-
connection (of Cu, Au, Ag, Ni, Cr, Pd, Rh, Sn, Pb or an
alloy thereof) in the insulating layer. Furthermore, after
planarizing the surface of the insulating layer, a metal
protection film (Ti, TiN, Ta, TaN or the like) is formed in
an exposed part. By using the buried interconnection as
part of various lines (gate line, source line, power supply
line, common line and the like) of light-emitting devices
and liquid—crystal display device, line resistance is de~
creased. The present invention can realize low power
consumption even in case screen size is increased in
area.
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[0012] The structure of the invention disclosed in this
description is, as exemplified in Figs. 1A-1E, a light-
emitting device comprising, between a first substrate
having an insulating surface and a second substrate
having light transmission property:

a pixel region having a plurality of light—emitting el-
ements, the light emitting element having a first
electrode, a layer containing organic compound
provided on and in contact with the first electrode,
and a second electrode provided on and in contact
with the layer containing organic compound; and
a drive circuit having thin-film transistors;
whereby the pixel region is arranged with a gate
line, source line or power supply line made with a
buried interconnection.

[0013] in the structure, the buried interconnection is
of copper, silver, gold or an alloy thereof which is to be
plating-processed, Also, the buried interconnection is
provided in a layer lower than the thin-film transistor,
[0014] Also, in the structure, the layer containing or—
ganic compound is a material for white light emission
and combined with a colorfilter provided on the second
substrate. Otherwise, the layer containing organic com-
pound is a material for single—color light emission and
combined with a color change layer orcoloring layer pro—
vided on the second substrate

[0015] Also, the structure of the invention for realizing
the constmction is a method for manufacturing a light—
emitting device comprising:

a first step of forming an etching-stop layer having
an electric conductivity on an insulating surface;
a second step of forming a first insulating film cov-
ering the etching-stop layer;
a third step of etching the first insulating film to open
an opening reaching the etching-stop layer;
a fourth step of forming a seed and carrying out plat-
ing to form a buried interconnection covering the
opening; 7
a fifth step of carrying out planarization;
a sixth step of forming a second insulating film con-
taining aluminum;
a seventh step of forming a third insulating film on
the second insulating film;
an eighth step of forming a semiconductor layer on
the third insulating film;
a ninth step of towing a fourth insulating film on the
semiconductor layer; '
a tenth step of forming a gate electrode on the fourth
insulating film;
an eleven't'h step of forming a line connecting to the
semiconductor layer and a line connecting the bur-
ied interconnection;

a twelve step of forming a first electrode; and
a thirteenth step of forming a layer containing or-
ganic compound on the first electrode and a second
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electrode on the layer containing organic com-
pound.

[0016] Also, in the structure concerning the manufac-
turing method, the buried interconnection is a power
supply line.
[0017] Also, in the structure concerning the manufac-
turing method, the buried interconnection is of copper,
silver, gold or an alloy thereof.
[0018] Also, the structure of another invention is, as
shown in Fig. 12, a liquid-crystal display device compris-
ing, between a first substrate having an insulating sur-
face and a second substrate having light transmission
property:

a pixel region having a first electrode, a second
electrode and a liquid-crystal material sandwiched
between the electrodes; and

a drive circuit having thin-film transistors;
whereby the pixel region is arranged with a gate line
or source line made by a buried interconnection.

[0019], Also, in the structure, the buried interconnec-
tion is of copper, silver, gold or an alloy thereof. Also, in
the structure, the buried interconnection is provided in
a layer lower than the thin-film transistor.
[0020] Also, the structure of the invention for realizing
the construction is a method for manufacturing a liquid-
crystal display device comprising:

a first step of forming an etching—stop layer having
an electric conductivity on an insulating surface;
a second step of forming a first insulating film cov-
ering the etching-stop layer;
a third step of etching the first insulating film to open
an opening reaching the etching-stop layer;
a fourth step of forming a seed and carrying out plat-
ing to form a buried interconnection covering the
opening;
a fifth step of carrying out planarization;
a sixth step of forming a second insulating film con-
taining aluminum;
a seventh step of forming a third insulating film on
the second insulating film;
an eighth step of forming a semiconductor layer on
the third insulating film;
a ninth step of forming a fourth insulating film on the
semiconductor layer;
atenth step of forming a gate electrode on the fourth
insulating film; _
an eleventh step of forming a source lineconnected

to the semiconductor layer and a line connecting
between the buried interconnection and the gate
line. '

[0021] ' Also, in the structure concerning the manufac»
turing method, the buried interconnection is a gate line.
Also, in the structure concerning the manufacturing
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method, the buried interconnection is of copper, silver,

gold or an alloy thereof.
[0022] Also, plating may be done using the etching—
sto; layer as a seed.
[0023] Incidentally, the light-emitting element (EL el-
ement) has a layer containing an organic compound to
obtain electro-Iuminescence caused by applying an
electric field (hereinafter, described as EL layer), an an~
ode and a cathode. The electro-luminescence in an or-

ganic compound includes luminescence of uponrreturn-
ing from a singlet excitation state to the ground state
(fluorescence) and luminescence of upon returning from
a triplet excitation state to the ground state (phospho-
rescence). The light-emitting device fabricated by the in-
vention is applicable for the case using any of lumines-
cence.

[0024] The layer containing organic compound is in a
lamination structure Typically, included is a lamination
structure having a hole transport layer/light-emitting lay-
er/electron transport layer on the anode. This structure
has an extremely high light-emission efficiency. Almost
all the light-emitting devices currently researched and
developed adopt this structure. Besides, the structure
may be a lamination of pole injection layer/hole transport
layer/electron transport layer or hole injection layer/hole
transport layer/light—emitting layer/light-emitting layer/
electron transport layer/electron injection layer in the or-
der. The light-emitting layer may be doped with a fluo-
rescent pigment or the like. These layers may all be
formed by using low-molecular materials or all be-
forrned by using high-molecular materials. Incidentally,
in the description. all the layers provided between the
cathode and the anode are collectively referred to as a
layer containing organic compound (EL layer). Accord-
ingly, the hole injection layer, the hole transport layer,
the light-emitting layer, the electron transport layer and
the electron injection layer are all included in the EL lay-
er. Also, the layer containing organic compound (EL lay-
er) may contain an inorganic material such as silicon.
[0025] Meanwhile. in the light-emitting device of the
invention, there is no limitation in drive method for
screen display, i.e. dot—sequence drive method, line-se-
quence drive method or plane-sequence drive method
may be used. Typically, line-sequence drive method
may be used, and time-division tone drive method or ar-
ea-tone drive method be properly employed. Also, the
video signal to be input to the source line of the light—
emitting device may be an analog signal or digital signal.
The drive circuit or the like may be properly designed
matched to the video signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figs. 1A to 1E are sectional views each showing a
process of the present invention (embodiment);
Figs. 2A and 28 are views each showing a section
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of a light-emitting element of the invention (example
1);
Fig. 3 is atop view in a manufacturing process of a
light-emitting device (example 1);
Fig. 4 is atop view in a manufacturing process of a
light-emitting device (example 1);
Fig. Sis a top view in a manufacturing process of a
light-emitting device (example 1);
Fig. 6 is a top view in a manufacturing process of a
light-emitting device (example 1);
Figs. 7A to 7C are figures each showing a lamina-
tion structure ofthe light-emitting element (example
1);
Figs. BA to 8C are typical figures in the case of using
white emission light for full-color display (example
1); '
Fig. 9 is a figure showing a transmissivity of a color-
ing layer (example 1);
Fig. 10 is a figure showing a chromaticity coordinate
(example 1);
Figs. 11A and 11 B are a sectional view and top view
of an active-type display device (example 1);
Fig. 12 is aview showing a sectional view of a liquid-
crystal display'device (example 2);
Fig. 13 is a figure showing a top view in a manufac—
turing process of a liquid—crystal display device (ex-
ample 2);
Figs. 14A'to 140 are views showing examples of
electronic apparatuses; and

' Figs. 15A and 158 are views showing examples of
electronic apparatuses.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Embodiments ofthe present invention will now
be explained.
[0028] Herein, in Figs. 1A-1 E are shown an example
to form a buried interconnection and TFI'.

[0029] First, an etching—stop layer 102 is formed on a
substrate 100 having an insulating surface. The etching-
stop layer 102 may use a film, or a lamination thereof,
based on an element selected from Ni, Ti, W, WSIX, Al,
Mo, Ta, Cr or M0, or an alloy or compound material
based on the element or elements. The etching-stop lay-
er 102 is to serve as a seed layer (cathode in a plating
process) in an electrolytic plating process to be carried
out later. Subsequently, an insulating film 101 is formed
based on silicon to cover the etching-stop layer 102.
(Fig. 1A)
[0030] Then, patterning is made to selectively etch the
insulating film 101 thereby forming an opening (trench)
reaching the etching-stop layer 102. After forming a first
barrier layer 103, an electrolytic plating process is car-
ried out to form a low—resistance metal film having a suf—
ficient thickness in the opening (trench). The electrolytic
plating process is a method to flow a direct current in a
solution containing the ions of a metal to be formed by
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the plating process thereby forming a metal film on a
cathode surface. The plating metal can use a material
having a low electric resistance, e.g. copper, silver, gold,
chromium, iron, nickel, platinum or an alloy ofthese. The
film thickness of a metal film to be formed in an electro

Iytic plating process can be properly set with controlling
a current density and time by a practitioner. Because
copper has an extremely low electric resistance, shown
herein is an example using copper (Cu) that electrolytic
plating is possible in forming a low resistance metal film
Priorto plating, a seed is preferably formed. Meanwhile,
the first barrier layer 103 is a diffusion preventing layer
against copper having a fast diffusion rate in an insulat-
ing film based on silicon oxide, Le. a barrier metal, pref-

erably using a metal material (WNX, TaNx, TiSixNy,
WSixNy, TaSixNy, or the like) having a specific resist-
ance value of 300 - 500 pflcm or less. Meanwhile, be-
cause copper has a poor adhesion to an insulating film
based on silicon oxide, it is useful to form a first barrier
layer 103 having a good adhesion.
[0031] Then, a planarizing process is carried out,
which is represented by the chemical mechanical polish
process (hereinafter, referred to as CMP process). Due
to this, the copper and first barrier layer is left only in the
opening (trench). Unwanted parts are remoiled away,
thereby forming a buried-type interconnection (herein-
after, referred to as buried interconnection) 104a, 104b
(Fig. 1B)
[0032] In orderto enhance the oxidation resistance of
an exposed part of copper, a second barrier layer 106
is formed. The second barrier layer 106 is useful as a
diffusion preventing layer against copper having a fast
diffusion rate in an insulating film based on silicon oxide,
and preferably uses silicon nitride or a metal material

(TIN, NbN, WNX, TaNx, TiSixNy, WSixNy, TaSixNy, or the
like). Meanwhile, because copper has a poor adhesion
to an insulating film based on silicon oxide, it is useful
to form a second barrier layer 106 having a good adhe-
sion.

[0033] Subsequently, a layer 107 expressed by AINX—

Oy is formed as an underlying insulating film for preven—
tion against impurity diffusion into a Tl-‘l' to be formed

later. The layer 107 expressed by AINXOy may be de—
posited by an RF sputtertechnique using a target of AIN
or Al with oxygen. nitrogen or inert gas introduced from
the foregoing gas introducing system. Nitrogen may be
contained in a range of several atm% or more, prefera-
bly 2.5 atm% - 47.5 atm%, in the layer expressed by

AleOy. Oxygen may be 47.5 atm% or less, preferably0.01 - 20 atm% or less.

[0034] Then, an underlying insulating film 108 is
formed by a lamination of insulating films such as a sil-
icon oxide film, a silicon nitride film or a silicon oxynitr‘ide
film. Although the underlying insulating film 108 herein
uses a two-layer structure, it may use a structure having
a single layer or a two layers or more of the insulating
films. The first layer 108a of the underlying insulating
film is a silicon oxide nitride film deposited to 10 » 200
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nm (preferably 50 - 100 nm) by a plasma CVD process

using a reaction gas of SiH4, NHa and N20. Herein,
formed is a silicon oxide nitride film (composition ratio:
Si = 32%, O = 27%, N = 24% and H = 17%) having a

‘film thickness of 50 nm. The second layer 108D of the
underlying insulating film is a silicon oxide nitride film
deposited to 50 - 200 nm (preferably 100 - 150 rim) by
a plasma CVD process using a reaction gas of SiH4 and
N20. Herein, formed-is a silicon oxide nitride film (com-
position ratio: Si : 32%, O = 59%, N = 7% and H = 2%)
having a film thickness of 100 nm. (Fig. 10)
[0035] Subsequently, a semiconductor layer is
formed on the underlying film. The semiconductor layer
is formed by patterning, into a desired form, a crystalline
semiconductorfilm obtained by forming an amorphous-
structured semiconductorfilm by known means (sputter
process, LPCVD process or plasma CVD-process) and
carrying out a known crystallizing process (laser crys-.

tallizing process, thermal crystallizing process or ther-
mal crystallizing process using a catalyst such as nick-
el). This semiconductor layer is formed in a thickness of
25 - 80 nm (preferably 30 - 60 nm). The material of the
crystalline semiconductor film, although not limited in
material, is preferably formed of silicon or a silicon-ger-
manium alloy.
[0036] In the case of making a crystalline semicon- -
ductorfilm by a laser crystallizing process, it is possible
to use an excimer laser of a pulse-oscillation or contin-
uous-oscillation type, a YAG laser or a YVO4 laser. In
the case of using such a laser, preferably used is a meth—
od that the laser light emitted from a laser oscillator is
focused by an optical system into a linear form to be
irradiated onto the semiconductorfilm. The condition of

crystallization is to be appropriately selected by the
practitioner. In the case of using an excimer laser, pulse
oscillation frequency is 30 Hz and laser energy density
is 100 -400 mJ/cm2 (typically 200 - 300 mJ/cmz). Mean-
while, in the case of using a YAG laser, preferably its
second harmonic is used and pulse oscillation frequen—
cy is 1 — 10 kHz and laser energy density is 300 - 600
mJ/cm2 (typically 350 — 500 mJ/cmz). The laser light fo-
cused linear to a width of 100 - 1000 um, eg. 400 pm,
is irradiated throughout the substrate entirety, whereup—
on the overlap ratio of linear laser beam may be taken
80 — 98%.

[0037] Then, the surface of the semiconductor layer
is cleaned by an etchant containing a hydrogen fluoride,
to form a gate insulating film 109 covering the semicon-
ductor layer. The gate insulating film 109 is formed by
an insulating film containing silicon having a thickness
of 40 - 150 nm by the use of a plasma CVD process or
sputter process. This embodiment forms a silicon oxide
nitride film (composition ratio: Si = 32%, O = 59%, N =
7% and H = 2%) in a thickness of 115 nm by a plasma
CVD process. Naturally, the gate insulating film is not
limited to a silicon oxide nitride film but may be made in
a single layer or a lamination of layers of insulating films
containing other form of silicon.
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[0038] Aftercleaning the surface of the gate insulating
film 109, a gate electrode 110 or connection electrode
is formed. Before forming a gate electrode 110, a con-
tact hole is formed reaching the buried interconnection
104a, 104b. Thus, electric connection is provided by
forming a gate electrode 110 contacted with the buried
interconnection 104b ora connection electrode contact-
ed with the buried interconnection 104a.

[0039] Then, a p-type providing impurity element
(such as B), boron herein, is added in proper amount to
the semiconductor, to form a source region 111 and a
drain region 112. Afterthe addition, heating process, in-
tense light radiation or laser irradiation is made in order
to activate the impurity element. Simultaneously with ac—
tivation, restoration is possible from the plasma damage
to the gate insulating film orfrom the plasma damage at
the interface between the gate insulating film and the
semiconductor layer. Particularly, it is extremely effec-
tive to irradiate the second harmonic of a YAG laser at

a main or back surface thereby activating the impurity
element in an atmosphere at room temperature to 300
°C. YAG laser is preferable activating means because
of less maintenance.

[0040] In the subsequent process, after an interlayer
insulating film 113 is formed of an organic or inorganic
material and hydrogenation is made thereon, a contact
hole is formed therein reaching the source region, drain
region or connection electrode. Next, a source electrode
(line) 115‘and a drain electrode 114 are formed to com-
plete a TFT (p-channel TFI’) having a buried intercon-
nection. (Fig. 1E) Although the example was herein
shown that the buried interconnection and the drain

electrode 114 are connected togetherthrough a connec-
tion electrode simultaneouslyfor'med with the gate elecv
trode, a drain electrode may be formed after forming a
contact hole reaching the buried interconnection without

using a connection electrode.
[0041] The TFT having aburied interconnection 104a,
104b obtained by the above process can be used on
various semiconductor devices, e.g. TFTs (current-con—
trol TFT) of a light—emitting device as shown in Figs. 2A
and 28, or pixel TFTs of a liquid-crystal display device
as shown in Fig. 12.
[0042] Incidentally, although illustrated herein were
the buried interconnection 104b connected to the gate
electrode and the buried interconnection 104a connect-

ed to the drain electrode, the application is possible,
without limitation, to various interconnections, e.g,
source line, extended line, power supply line, capaci—
tance line or the like, thereby achieving resistance re
duction.

[0043] Also, the invention is not limited to the Tl-‘I'
structure of Fig. 1E but, if required, may be in a lightly
doped drain (LDD) structure having an LDD region be-
tween the channel region ancl the drain region (or source
region). This structure is provided with a region an im-
purity element is added with light concentration at be-
tween the channel region and the source or drain region
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formed by adding an impurity element with high concen-
tration, which region is called an LDD region. Further-
more. it may be in, what is called, 3 GOLD (Gate-drain
Overlapped LDD) structure arranging an LDD region
overlapped with a gate electrode through a gate insu-
lating film.
[0044] Meanwhile, although explanation herein was
by using the p—channel TFT, it is needless to say that a
p-channel TFT can be formed by using an n-type impu—
rity element (P, As, etc.) in place of the p—type impurity
element. -

[0045] Also, although explanation herein was on a
top-gate TFI', the invention is applicable regardless of
the TFT structure, eg. the invention is applicable to a
bottom—gate TFT or a forward stagger TFT.
[0046] The invention configured above will be ex-
plained with greater detail by thefollowing embodiment.

EXAMPLE

[Example 1]

[0047] ‘ This example shows that the major part of the
power supply line of a light-emitting device is made as

a buried interconnection, in Figs. 3 toe.
[0048] At first, according to the above embodiment,
an etching-stop layer is formed on a substrate having
an insulating surface and a silicon—based insulating film
is formed covering the etching-stop layer. The insulating
film is selectively etched to form an opening (trench)
reaching the etching-stop layer. Afterforming a first bar-
rier layer, electrolytic plating is carried out to form a low»
resistance metal film having a sufficient thickness in the

opening (trench). Subsequently, planarization repre—
sented by the chemical mechanical polishing (hereinaf—
ter, referred to as GM P) is made to leave the copper and
first barrier layer only in the opening (trench) but remove
away unwanted portions, thereby forming an intercon-
nection in a buried form. The top view in this process
stage is shown in Fig. 8, wherein the sectional view tak—
en along the dotted line x-x' therein corresponds to Fig,
1C. In Fig. 3, 12 is a pixel region, 13 is a source drive
circuit, and 14, 15 show regions arranging gate drive cir-
cuits. As shown in Fig. 3, the power supply line 16 has,
at its end, a connection electrode pad provided in a cor-
ner of the substrate to flow a current from an external

power source when carrying out electrolytic plating. In-
cidentally, because this example is made in an example
having single-color light-emitting elements arranged in
a matrix form, the pattern is connected such that the
power source line 16 is common between the pixels to

make them at the same potential,
[0049] Incidentally, the power source line 16 is shown
only eight in the'number for simplification sake. In the
case there are pixels in the number of m x n (m rows by
n columns), the power supply line is actually given rn in
the number or the number added with one or two spare
lines for enhancing the evenness in electrolytic plating.
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[0050] Then, a second barrier layer is formed in order
to provide an exposed portion of copper with enhanced
resistance to oxidation. Furthermore, afterforming alay—

er represented by AIN,,Oy as an underlying insulating
film, an underlying insulating film is formed by a lamina-
tion of insulating films such as a silicon oxide film, a sil-'
icon nitride film or a silicon oxide nitride film. Then, a

crystalline semiconductor film is patterned to a desired
form to form a semiconductor layer, followed by forming
a gate insulating film covering the semiconductor layer.
[0051] Afterforming a contact hole reaching the bur-
ied interconnection, a gate line, atenninal electrode and
an extended electrode are formed on the gate insulating
film. The extended electrode, provided between the
source drive circuit 13 and the pixel region 12, is an elecv
trode arranged such that a source line formed later is
not overlapped with the extended line (line connected

to a cathode or anode of the light-emitting element) 17.
Meanwhile, terminal electrodes are provided in plurality
at an end of the substrate, some of which are connected

to the power supply line as buried interconnection. The
top view in this process stage is shown in Fig. 4.
[0052] Then, the semiconductor is properly added by
a p-type providing impurity element (8 or the like) or n—
type providing impurity element (P, As or the like), to
form source and drain regions. Subsequently, in order
to activate the added impurity element, heating process,

' intense light radiation or laser irradiation is carried out.

BNSDOCID: (E P 

Then, after an interlayer insulating film is formed and
hydrogenation is made, contact holes are formed reach-
ing the source region. the drain region. the extended
electrode, the terminal electrode or the buried intercon»
nection.

[0053] Subsequently, source electrodes (lines), drain
electrodes or connection electrodes are formed to com-

plete various TFTs. In the stage completing the above
process, in the pixel region 12, the source region and
the power supply line are electrically connected to form
a connection electrode contacted with the drain region
(not shown herein). Meanwhile, in the drive circuit,
formed are a source electrode (line) contacted to the
source region and a drain electrode contacted to the
drain region. Also, in the terminal region, formed are a
source line connected to a certain terminal electrode

and an extended line (line connected to a cathode or
anode of a light-emitting element) 17 connected to an-
other terminal electrode. Also, between the drive circuit

and the pixel region is formed an extended line (line con-
nected to a cathode or anode of a light-emitting element)
17. The top view in this process stage is shown in Fig.5.
[0054] Then, in the pixel region, the first electrodes 19
are arranged in a matrix form that are connected to the
connection electrode contacted to the drain regibns.
The first electrodes 19 are made into anodes or cath-

odes of light-emitting elements. Next, formed is an in-
sulator (called bank, partition wall or barrier wall) cover-
ing the end of the first electrode 19. Next, in the pixel
region, a layer 10 containing organic compound is
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formed, on which a second electrode 11 is formed to
complete a light-emitting element. The second elec-

trode 11 is made into a cathode or anode of the light—
emitting element. Incidentally, in a region between the
pixel region and the source drive circuit, the second
electrode 11 is electrically connected to the extended
line 17.

[0055] Then, the substrate and a sealing member
(light—transmissive substrate, herein) 30 are bonded to—
gether by a sealant 31. The top view in this process
stage is shown in Fig. 6. Furthermore, in order to shield
from the outside air, a protection film may be formed of
silicon nitride, silicon oxide nitride or DLC (diamond-like
carbon) on the second electrode 11. Finally, an FPC
(flexible print circuit) for connection to an external circuit
is bonded to the terminal electrode.

[0056] By the above process, completed is an active»
matrix light-emitting device.
[0057] Incidentally, concerning the active-matrix light—
emitting device having TFTs, two constructions can be
considered according to the direction of light radiation.
One is a structure that the light from the light-emitting
element is radiated through the second electrode to the
eye of an observer: In this case, the observer can recr
ognize an image on the side of the second electrode.
The other one is a structure that the lightnfrom the light-
emitting element is radiated through the first electrode
and substrate to the eye of an observer.
[0058] In the case of the structure that the light from
the light-emitting element radiates through the second
electrode to the eye of an observer as shown in Fig. 2A.
it is desired to use a light-transmissive material for the
second electrode 11 (electrode 119 in Fig. 2A).
[0059] For example, where the first electrode 19
(electrode 117 in Fig. 2A) is made as an anode, the ma-
terial of the first electrode 19 uses a metal having a great
work function (Pt, Cr, W, Ni, Zn, Sn or In). After an end
region is covered by an insulator (called bank, partition
wall or barrier wall) 116, a poly (ethylene dioxythi-
ophene)/poly (styrene sulfonic acid) solution (PEDOT/
P58) is applied to the entire surface and baked. There-
after, after a polyvinyl calbazole (PVK) solution doped
with luminescent center pigment acting as a light-emit-
ting layer (1, 1,4, 4-tetraphenyl-1,3-buthadiene (TPB),
4-dicyanomethyleneez-methyI—So (p—dimethylamino-sty-
ryl) » 4H-pyran (DCM1), Nilered, coumarine 6, or the
like) is applied to the entire surface and baked, a cath—
ode may be fon'ned by a second electrode 11 (electrode
119 in Fig. 2A) having a lamination of a thin film contain-
ing a metal having a small work function (Li, Mg or 03)
and a transparent conductive film (ITO (indium oxide tin
oxide alloy), indium oxide zinc oxide alloy (In203-ZnO),
zinc oxide (ZnO) Or the like) Iayeredlhereon. inciden-
tally, in Fig. 2A, an auxiliary electrode 120 is provided
on the insulator 116, in order to reduce the resistance
in the cathode. The light-emitting element thus obtained
shows white light emission. Incidentally, the PEDOT/
PSS, using water as solvent, is insoluble in organic sol-
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vent. Accordingly, in the case of applying PVK thereon,
there is no fear of re-dissolution. Meanwhile, because

solvent is different between PEDOT/PSS and PVK, it is
preferred not to use the same one in the deposition
chamber. Incidentally, although the example was herein
shown that the layer 10 containing organic compound
(118 in Fig. 2A) was formed by the application, there is
no especial limitation, i.e. may be formed by a deposition
process.
[0060] Meanwhile, although the above example
showed the example having a lamination of organic
compound as shown in Fig. 7B, the organic compound
layer can be made in a single layer as shown in Fig. 7A.
For example, electron-transporting 1, 3, 4-0xadiazole
derivative (PBD) may be dispersed in hole-transporting
polyvinyl carbazole (PVK). Meanwhile, 30 wt% of PBD
isdispersed as electron-transport agent and four kinds
of pigments (TPB, coumarin 6, DCMt, nilered) are dis-
persed in proper amount, thereby obtaining white light
emission. Also, as shown in Fig. 7C, the organic com—
pound layer may be provided by a lamination of a poly—

mer material layer and a low-molecule material layer.
[0061] Incidentally, the organic compound film is
formed between the anode and the cathode. By recom-
bining between the holes injected at the anode and the
electrons injected at the cathode in the organic corn-
pound film, white light emission is obtained in the organ-
ic compound film.
[0062] Also, by properly selecting and superposing,
for mixing colors, an organic compound film for red light
emission, an organic compound film for green light
emission and an organic compound film for blue light
emission, it is possible to obtain white light emission in
the entirety. ‘
[0063] There are various methods of full-color dis-
playing by the use of light-emitting elements for white
light. For example, as shown in Fig. 8A, there is a meth—
od of passing obtained white light emission through a
color filter thereby obtaining red, green and blue light
(hereinafter, referred to as color filter method).
[0064] By forming a colorfilter having a coloring layer
(Ft) absorbing the portion otherthan red, a coloring layer
(G) absorbing the portion other than green and a color-
ing layer (B) absorbing the portion other than blue in a
direction the organic compound film emits white light,
the white light from the light emitting element is sepa—
rated to obtain red light, green light and blue light. Also,
in the case of an active-matrix type, the TFTs are struc-
turally formed between the substrate and the color filter.
Meanwhile, the color filter has shade layer between the
coloring layers. Where the screen is made great, the
shade layer preferably includes desiccant.
[0065] The coloring layer (R, G, B) can use, besides
a stripe pattern in the simplest form, an oblique mosaic
arrangement, a triangular mosaic arrangement, an RG-
36 four-pixel arrangement or an RGBW four-pixel ar-
rangement.
[0066] Fig. 9 shows an example of a relationship be—
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tween 8 transmission ratio and a wavelength on each
coloring layer using white light source (065). The color—
ing layer constituting the color filter is formed by using
a color resist of an organic photosensitive material dis—
persed with a pigment. Meanwhile, Fig. 10 shows, on a
chromaticity coordinate, a color reproduction range in
the case of combining white emission light with a color
filter. Note that the chromaticity coordinate of white
emission light (x, y) = (0.34, 0.35). From Fig. 10, it can
be seen that color reproduction as full colors is fully se—
cured.

incidentally, in this case, even if there is a dif-
ference in obtainable light color, because each is formed
by the organic compound film to exhibit white emission
light, there is no need tovseparately apply organic com-
pound films for the emission light colors. Also, it is pos-
sible to eliminate the especial need for a circular polar—
ization plate that prevents mirror reflection.
[0068] Now explanation is made on a COM (color
changing mediums) method to be realized by combining
ablue light-emitting element having a blue—light-emit‘ting
organic compound film with a fluorescent color change
layer, with reference to Fig. BB".
[0069] In the COM method, the fluorescent color
change layer is excited by the blue light emitted from a
blue light-emitting element, to carry out color change by

- each color change layer. Specifically, change of blue to
red (B —> Fi) is made by a color change layer, change of
blue to green (8 —> G) is made by a color change layer
and change of blue to blue (B —> B) is made by a‘color
change layer (note that the change of from blue to blue
may be omitted), thereby obtaining light emission of red,
green and blue. ln also the COM method, forthe active
matrix type, Tl—‘i's are structurally formed between the
substrate and the color change layer.
[0070] incidentally, in also this case, there is no need
to form organic compound films by separate applica-
tions. Also, it is possible to eliminate the necessity of the
circular polarization plate for preventing mirror reflec—
tion.

[0071] Meanwhile, where the COM method is used,
the color change layer is excited by external light be—
cause of its fluorescent nature, possibly resulting in a
problem of contrast reduction. it is accordingly preferred
to raise the contrast by attaching a color filter or so, as
shown in Fig. BC.
[0072] Explanation is herein made on the external ap-
pearance of the active-matrix light-emitting device over-
all, in Figs. 11A and 11B. Fig. 11A is a top view showing
the light-emitting device while Fig. 118 is a sectional
view taken along A—A' in Fig. 11 A. 901 shown bythe dot-
ted line is a source signal-line drive circuit, 902 is a pixel
region, and 903 is a gate signal-line drive circuit. Also,
904 is a sealing substrate and 905 is a sealant. The in-
terior surrounded by the sealant 905 is defined as a
space 907.
[0073] 908 is a line for conveying a signal to be input-
ted to the source signal-line drive circuit 901 and gate
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signal-line drive circuit 903, which receives a video sig-
nal or clock signalfrom an FPC (flexible printcircuit)909
serving as an external input terminal. Although only the
FPC isgshown, the FPC may be attached with a printed
wiring board (PWB). The light-emitting device, in this de

scription, assumably includes, besides the light—emitting
device main body, a state an FPC or PWB is attached
thereon.

[0074] Explanation is now made on a sectional struc-
ture, by using Fig. 113. Although the substrate 910 is

formed thereon with a drive circuit and a pixel region,
the source signal-line drive circuit 901 and pixel region
902 is herein shown as a drive circuit.

[0075] The source signal-line drive circuit 901 is
formed with a CMOS circuit as a combination of an n-

channel TFI' 923 and a p-channel TFT 924. The Tl-‘l's
forming the drive circult may be formed by a known
CMOS circuit, PMOS circuit or NMOS circuit. Although
this embodiment shows a driver-integrated type having
a drive circuit formed on the substrate, it not necessarily
required, i.e. it can be externally fom‘ted instead of on
the substrate.

[0076] The pixel region 902 is formed with aplurality
of pixels each of which includes a switching TFF 911, a
current-control Tl-‘l‘ 912 and a first electrode (anode)
913 electrically connected to the drain thereof. The cur-
rent-control Tl-‘l' 912 has a source electrically connect-
ed with a buried interconnection 930.

[0077] Meanwhile, an insulating layer 914 is formed
at both ends of the first electrode (anode) 913, while a
layer 915 containing organic compound is formed on the
first electrode (anode) 913, Furthermore, a second elec~
trode (cathode) 916 is formed on the layer 915 contain-
ing organic compound. This forms a light-emitting ele
ment918 comprising the first electrode (anode) 91 2, the
layer 915 containing organic compound and the second
electrode (cathode) 916. Because thelight-emitting el-
ement 918 herein is exemplified to emit white light, there
is provided a color filter formed by a coloring layer 931
and a BM 932 (overcoat layer is not shown herein for
simplification sake).
[0078] The second electrode (cathode) 916 serves al-
so as an interconnection common to all the pixels, which
is electrically connected to the FPC 909 via the connec-

tion line 908. Also, a third electrode (auxiliary electrode)
is formed on the insulating layer 914, thus realizing the
resistance reductionin the second electrode.

[0079] The sealing substrate 904.is bonded by the
sealant 905 in order to seal the light-emitting elements
918 formed on the substrate 910. A resin-film spacer
may be provided in order to secure a spacing between
the sealing substrate 904 and the light-emitting element
918. An inert gas, such as nfirogen, is filled in'the space
907 at the inside of the sealant 905. The sealant 905

preferably uses an epoxy resin. The sealant 905 is de-

sirably of a material less permeable of moisture or oxy-
gen. Furthermore, a substance having an effect to ab-
sorb oxygen or moisture may be included in the space
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[0080] ln this embodiment, the material structuring
the sealing substrate 904 can use, as a material, a plas-
tic substrate of FRP (fiberglass-reinforced plastics) PVF
(polyvinyl fluoride), Mylar, polyester or acryl, besides a
glass or quartz substrate. Also, after the sealing sub-
strate 904 is bonded by using the sealant 905, it can be
further sealed in a mannercovering the side surface (ex—
posed surface) by a sealant.
[0081] By sealing the light-emitting elements in the
space 907 as in the above, the' light-emitting elements
can be completely shielded from the outside. This can
prevent a substance such_as oxygen or moisture that
accelerates deterioration of the organic compound layer
from externally intruding. Accordingly, a reliable light—
emitting device can be obtained.
[0082] On the other hand, in the case of the structure
that the emission light from the light-emitting element is
radiated through the first electrode and substrate to the
eye of an observer as shown in Fig. 28, the first elec-
trode 19 (electrode 117 in Fig. 2A) desirably uses a light—
transmissive material.

[0083] For example, in the case that the first electrode
19 (electrode 117 in Fig. 28) is an anode, the material
of the first electrode 19 uses a.transparent conductive
film (ITO (indium oxide tin oxide alloy), indium oxide zinc
oxide alloy (ln203-Zn0), zinc oxide (ZnO) or the like).
After covering the ends with an insulator (called bank,

_ partition wall or barrier wall) 116, a layer 11 8 containing
organic compound is formed. on which-a second elec»
trode 11 (electrode 119 in Fig. 23) of a metal film (an
alloy such as of MgAg, Mgln, AlLi, CaF2 or CaN, or a
film formed by co-deposition of an element belonging to
group 1 or 2 of the periodic table with aluminum) may
be formed as a cathode. When forming a cathode, a re-

sistance heating method due to evaporation is used.
Forming may be selective by the use of an evaporation
mask.

[0084] This example can be freely combined with the
embodiment,

[Example 2]

[0085] This shows an example that the major part of
a gate line of a liquid—crystal display device is made by
a buried interconnection, in Figs. 12 and 13.
[0086] At first, according to the above embodiment,
an etching—stop layer is formed on a substrate having
an insulating surface and a silicon-based insulating film
is formed covering the etching-stop layer. The insulating
film is selectively etched to form an opening (trench)
reaching the etching-stop layer. Afterforming a first bar
rier'layer, electrolytic plating is carried out to form a low-
resistance metal film having a sufficient thickness in the
opening (trench). Subsequently, planarization repre-
sented by the chemical mechanical polishing (hereinaf-
ter, referred to as CM P) is made to leave the copper and
first barrier layer only in the opening (trench) but remove
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away unwanted portions, thereby forming an intercon-
nection in a buried form.

[0087] Then, a second barrier layer is famed in order
to provide an exposed portion of copper with enhanced

a counter substrate 60 are bonded together by a sealant
(not shown), to fill a liquid-crystal material 63 between

the substrates, followed by being sealed. The counter
substrate 60 is previously provided with a counter elec—

resistanceto oxidation. Furthermore, afterformingalay- 5 trade 61 of a transparent conductive film and an orien-

er represented by AIN,,Oy as an underlying insulating tation film 62b rubbing—processed. Finally, an FPC‘(flexl
film, an underlying insulating film is formed bythe layers ible print circuit) for connection to an external circuit is
of a silicon oxide film, a silicon nitride film or a silicon bonded to the terminal electrode. Further, a polarization
oxide nitride film. Then, a crystalline semiconductorfilm plate and a color filter are provided.
is patterned to a desired form to form a semiconductor 10 [0092] By the above process, an active-matrix liquid-
Iayer, followed by forming a gate insulating film covering crystal display device is completed. ‘
the semiconductor layer. , [0093] Incidentally, concerning the active-matrix liq-
[0088] Afterfonning a contact hole reaching the bur- uid-crystal display device having TFl’s, three construc-'
ied interconnection, a gate electrode and a terminal tions (transparent type, reflection type and semi-trans—

electrode are formed on the gate insulatingfilm. lnciden» 15 parent type) are to be considered. Although there are a
tally,'the gate electrode is connected to the buried inter— transmission type having a pixel electrode made by a
connectionto realizethe resistance reduction in the gate transparent conductive film to provide a backlight, a re-
line. Also. the terminal electrode is provided in plurality flection type having a pixel electrode made by a reflec-
al the end of the substrate. ' tion metal film to reflect external light, and a semi-trans-
[0089] Then, the semiconductor is properly added by 2‘0 parent type having a pixel electrode a part of which is
a p-type providing impurity element (B or the like) or n- made by atransparent conductive film andthe other part
type providing impurity element (P, As or the like), to made by areflection metalfilm to properly cause switch-
forrn source and drain regions. Subsequently, in order ing, the invention can be appliedto any of the structures.
to activate the added impurity element, heating process, [0094] This example can be freely combined with the
intense light radiation or laser irradiation is carried out. 2‘5 embodiment.
Then, after an interlayer insulating film is formed and
hydrogenation is made, contact holes are formed reach— [Example 3]
ing the source region, the drain region, and the teminal
electrode. [0095] The drive circuit and pixel region formed by
[0090] Subsequently, source electrodes (iines) 55 or 30 carrying out the invention can complete various mod-
drain electrodes are formed to complete various TFTs. ules (active-matrix liquid-crystal module, active-matrix
in the stage completing the above process, in the pixel EC module). Namely, the invention can complete an
region 52, the drain regions and the respective drain electronic apparatus built it in a display part.
electrodes are electrically connected while source re- [0096] Such electronic apparatuses include video
gions and source electrodes (lines) are electrically con— 35 cameras, digital cameras, head-mount displays (goggle
nected. Meanwhile, in the drive circuit, formed are a type displays), car navigators, projectors, car stereo
source electrode (line) contacted to the source region sets, personal computers, and personal digital assist-
andadrain electrodecontacted tothe drain region.Also, ants (mobile computers. cellular phones or electronic
in the terminal region, formed are a source line connect— books). Examples of them are shown in Figs. 14A to 14C
ed to a certain terminal electrode. Then, in the pixel re 40 and 15A and 153. .
gion, the pixel electrodes 59 are arranged in a matrix [0097] Fig. 14A is a personal computer, including a
formthat are contacted to the connection electrode con- main body 2001, an image input part 2002, a display
tacted to the drain regions. The top view in this process part 2003, a keyboard 2004 and so on.
stage is shown in Fig. 13. In Fig. 13, 52 is a pixel region, [0098] Fig. 148 is a mobile computer, including a main
53 is a source drive circuit, and 54 shows a region ar— 45 body 2201, a camera part 2202, an image receiving part
ranging a gate drive circuit. As shown in Fig. 13, the gate 2203, an operation switch 2204, and a display part 2205.
line 56 has, at an end, a connection electrode pad pro— [0099] Fig. 140 is a player using a recording medium
vided close to an end of the substrate to flow a current recording a program (hereinafter, referred to as record-
from an external power supply when carrying out elec- ing medium), including a main body 2401 , a display part
trolytic plating. Incidentally, in this example, the connec- 50 2402, a speaker part 2403, a recording medium 2404,
tion electrode pads are provided corresponding to the and an operation switch 2405. incidentally, the player
same number of the gate lines 58. Meanwhile, the gate uses, as a recording medium, a DVD (Digital Versatile
lines may be formed by connecting the patterns to place Disc), a CD or the like, enabling music listening, movie
all the gate lines in the same potential to carry out a plat- viewing or the lnternet.
ing process and then cutting them into individual gate 55 [0100] Fig. 15A is a portable book (electronic book),
lines. I including a main body 3001, a display part 3002, 3003,
[0091] Then, after forming an orientation film 62a, a a storage medium 3004, an operation switch 3005, and
rubbing process is carried out. Then, the substrate and an antenna 3006. ‘
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[0101] Fig. 158 is a display, including a main body
3101 , a support base 3102, and a display part 3103. The
invention can complete a display part 3103 having a di-
agonal length 10 — 50 inches.
[0102] As in the above, the invention has extremely
broad application range, and can complete an electronic
appliance in every field. Also, the electronic apparatus
of this example can be realized by using a structure in
any of combinations of the embodiment and examples
1 and 2.

[0103] According to the present invention, in a semi-
conductor device represented by an active-matrix light—
emitting display device or liquid—crystal display device,
even if the pixel region area increases and the screen
size increases, favorable display can be realized. Be-
cause the line resistance in the pixel region can be ,
greatly decreased, the present invention can cope with
a large screen having a diagonal length of 40 or 50 inch-
es.

Claims

1. A light—emitting device comprising:

a substrate having an insulating surface;
a second substrate having light transmission
property;
a pixel region having a plurality of light-emitting
elements, the light emitting element having a
first electrode, a layer containing organic com-
pound provided on and in contact with the first
electrode, and a second electrode provided on
and in contact with the layer containing organic
compound; and
a drive circuit having thin-film transistors,

wherein the pixel region is arranged with a
gate line, source line or power supply line made with
a buried interconnection.

2. A light-emitting device according to claim 1 , wherein
the buried interconnection comprises at least one
material selected from the group consisting of cop-
per, silver, gold and an alloy thereof.

3. A light-emitting device according to claim 1 , wherein
the buried interconnection is provided in a layer be-
low the thin—film transistor.

4. A light-emitting device according to any one of
claims 1, wherein the layer containing organic com-
pound is a material for white light emission and
combined with a color filter provided on the second
substrate.

5. A light-emitting device according to any one of
claims 1, wherein the layer containing organic com—
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pound is a material for single-color light emission
and combined with a color change layer or coloring
layer provided on the second substrate.

6. A light-emitting device according to claim 1, wherein
the light-emitting device is incorporated into an
electronic apparatus selected from the group con-
sisting of a video camera, a digital camera, a head-
mount diSplay, a car navigator, a projector, a car
stereo, a personal computer, a personal digital as-
sistant.

7. A liquid-crystal display device comprising:

a first substrate having an insulating surface;
a second substrate having light transmission
PFOPBFTY;

a pixel regibn having a first electrode, a second
electrode and a liquid—crystal material sand—
wiched between the first and second elec-

trodes; and

a drive circuithaving thin.film transistors,
whereby the pixel region is arranged with a gate
line or source line made with a buried intercon-
nection.

8. A liquid-crystal display device according to claim 7,

wherein the buried interconnection comprises at
least one material selected from the group consist-
ing of copper, silver, gold and an alloy thereof.

9. A liquid-crystal display device according to claim 7,

wherein the buried interconnection is provided in a
layer below the thin~film transistor.

A liquid-crystal display device according to claim 7,
wherein the liquid crystal display device is incorpo-
rated into an electronic apparatus selected from the
group consisting of a video camera, a digital cam—
era, a head-mount display, a car navigator, a pro-
jector, a car stereo, a personal computer, a personal
digital assistant.

10.

1 1 .--A display device comprising:

a substrate having an insulating surface;
a first insulating film formed overthe substrate;
a gate line buried in the first insulating film;
a second insulating film formed over the first in-
sulating film; and
a thin film transistor formed over the second inv

sulating film,

wherein the gate line is electrically connected
to a gate electrode of the thin film transistor.

1 2. A display device according to claim 11 , wherein the
gate line comprises at least one material selected
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from the group consisting of copper, silver, gold and
an alloy thereof.

A display device according to claim 11, wherein the
display device is incorporated into an electronic ap-
paratus selected from the group consisting of s vid-
eo camera, a digital camera, a head-mount diSplay,
a car navigator, a projector, a car stereo, a personal
computer, a personal digital assistant.

A display device comprising:

a substrate having an insulating surface;
a first insulating film formed over the substrate;
a source line buried in the first insulating film;
a second insulating film formed overthe first in-

sulating film; and ~
a thin film transistorformed over the second in-

sulating film,

wherein the source line is electrically connect-
ed to a source region of the thin film transistor.

A display device according to claim 14, wherein the
source line comprises at least one material selected
from the group consisting of copper, silver, gold and
an alloy thereof.

A display device according to claim 14, wherein the
display device is incorporated into an electronic ap-
paratus selected from the group consisting of s vid-
eo camera, a digital camera, a head—mount display,
a car navigator, a projector, a car stereo, a personal
computer, a personal digital assistant.

A display device comprising:

a substrate having an insulating surface;
a first insulating film formed over the substrate;
a power supply line buried in the first insulating
film;
a second insulating film formed overthe first in-
sulating film; and
a thin film transistorfon'ned over the second in-

sulating film.

A display device according to claim 17, wherein the
power supply line comprises at least one material
selected from the group consisting of copper, silver,
gold and an alloy thereof.

A display device according to claim 17, wherein the
display device is incorporated into an electronic ap-
paratus selected from the group consisting of s vid-
eo camera, a digital camera, a head-mount display,
a car navigator, a projector, a car stereo, a personal
computer, a personal digital assistant.

1 349208A1_l_>

20. A method for manufacturing a light-emitting device
comprising:

forming an etching-stop layer having an electric
5 conductivity on an insulating surface;

forming a first insulating film covering the etch-
ing-stop layer;
etching the first insulating film to open an open-
ing reaching the etching~stop layer;

10 forming a seed and carrying out plating to form
a buried interconnection covering the opening;
planarizing a surface of the buried interconnec-
tion; .

forming a second insulating film containing alu-
15 minum; '

' forming a third insulating film on the second in-
sulating film;
forming a semiconductor layer on the third in-
sulating film;

20 forming a fourth insulating film on the semicon—
ductor layer;
forming a gate electrode on the fourth insulat-
ing film;
forming a line connecting to the semiconductor

2'5 layer and a line connecting the buried intercon—
nection;
forming a first electrode; and
forming a layer containing organic compound
on the first electrode and a second electrode

30 on the layer containing organic compound.

21. A method for manufacturing a light-emitting device
according to claim 20, wherein the buried intercon-
nection is a power supply line.

35

22. A method for manufacturing alight-emitting device
according to claim 20, wherein the buried intercon-
nection comprises at least one material selected
from the group consisting of copper, silver, gold and

40 an alloy thereof.

23. A method for manufacturing a liquid-crystal display
device comprising:

45 forming an etching-stop layer having an electric
' conductivity on an insulating surface;

forming a first insulating film covering the etch—
ing-stop layer;
etching thefirst insulating film to open an open-

50 ing reaching the etching-stop layer;
forming a seed and carrying out plating to form
a buried interconnection covering the opening;
planarizing a surface of the buried interconnec-
tion;

55 forming a second insulating film containing alu-
minum;

forming a third insulating film on the second in-
sulating film;

12
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forming a semiconductor layer on the third in-
sulating film;
forming a fourth insulating film on the semicon-
ductor layer,
forming a gate electrode on the fourth insulat- 5
ing film; and
forming a source line connected to the semi—
conductor layer and a line connecting between
the buried interconnection and the gate line. 10

24. A method for manufacturing a liquidvcrystal display
device according to claim 23, wherein the buried in-
terconnection is a gate line

25. A method for manufacturing a liquid~crystal display ’5
device according to claim 23: wherein the buried in-
terconnection comprises at least one material se—
lected from the group consisting of copper,-sllver,
gold and an alloy thereof.
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R
1CKfifi ed

"90%

BCfiS

7Cfi6O

I: 60%
E

z 50%O

‘3, 40%In

E 30%

§ 20%
.. 10%

0% .
40C) ' 500 600 700 800

wavelength [nm]

'—‘-— 356m

—’_ 61"
¢ “inqumoal

—’ Ca-Gl-llcm

>-

x

F i g. 10

22

BNSDOCIDz<EP 13492031“ | >

|PR2020-01275

Apple EX1002 Page 646



IPR2020-01275 
Apple EX1002 Page 647

EP 1 349 208 A1

52.2”.   \\\\\\\\\\\‘‘rl’49\Ill\4RR\\\\\\<\\\\\\\\\\\A\\§V§n)fl:
33:32:8

 
 

/\\\\\\\§‘1I

 

29

ET»:.

m3

 
23

1349208A1 l >BNSDml D: <EP

|PR2020-01275

Apple EX1002 Page 647



IPR2020-01275 
Apple EX1002 Page 648

 
EP 1 349 208 A1

55

523 63 - 62b 61 60

—--—————

my“~ ~
N \

FEW"mtwunununlutllulnlnl 

24

|PR2020-01275

Apple EX1002 Page 648



IPR2020-01275 
Apple EX1002 Page 649

 
' EP 1 349 203 A1

 
  

  
  

 

56if

I... -.""?"

 
 

25

|PR2020-01275

Apple EX1002 Page 649



IPR2020-01275 
Apple EX1002 Page 650

 
EP 1 349 208 A1

2001

 
F i-g. MB 

 
26

BNSDOCID: <EP 1349206A17|_>

|PR2020-01275

Apple EX1002 Page 650



IPR2020-01275 
Apple EX1002 Page 651

EF’1 349 2081A1

3006

 

 

yif?
[7/4,fl/7////I

.//
yum/fl»?

./,WWW/v
{7r”7

// 30D

%%/MWW%,W],1
/¢//.2

Fig.15A a

 

  

1%%

/

MV/,1/
/

...///7////w_o3 I/,fl/Mé;
,/,/

  

3005
- 3001

3101

Fig.153 
20ul3

27

_I_>13492081“BNSDOCID: <EP

|PR2020-01275

Apple EX1002 Page 651



IPR2020-01275 
Apple EX1002 Page 652

RNSDOCID: <FP

EFOFORMl50303.52(P04C01)

M)“mm" pm” EUROPEAN SEARCH REPORT

' EP 1 349 208 A1

Application Number

EP 03 00 6774

DOCUMENTS CONSIDERED TO BE RELEVANT
Chation of document with indication where appropriate,

-
X

Y

Y

[1315me dine march Examiner

CATEGORY OF CITED DOCUMENTS

Y ; paniuulnny minivan: i1 cwnbinnd wih moths!
document of me same category

A : technological background0: non-written fisduaure

 
US 6 275 275 Bl (HA YONG MIN)
14 August 2001 (2001-88-14)
* coTumn 5, line 20 - column 7, Tine 7;
figures 5,6A-6F * ~

I’TFT/LCD DAMASCENE SCAN LINES“
IBM TECHNICAL DISCLOSURE BULLETIN, IBM
CORP. NEW YORK, US,
v01. 32, no. 38,
1 August 1989 (1989-08-01), pages 67-68,
XP000029920
ISSN: 0018-8689
* the whole document *

LU M H ET AL: "Amorphous silicon TFT
active-matrix OLED pixeT"
LASERS AND ELECTRO-OPTICS SOCIETY ANNUAL

MEETING, 1998. LEOS '98. IEEE ORLANDO, FL,
USA 1-4 DEC. 1998, PISCATAWAY, NJ,
USA,IEEE, US,

1 December 1998 (1998-12—01), pages
130-131, XP010317344
ISBN: 0—7803-4947-4
* the whole document *

US 2003/020065 A1 (HONDA TATSUYA)
30 January 2003 (2003-01-30)
* paragraph [0053] — paragraph [@080];
figures BB,7A,7B,8,9 *
* paragraph [@109] - paragraph [0114];
figures 11A—11F *

lo clajm APPLICAT‘ON (lnLCIJ)

1.3.6.7. H01L21/768
H01L21/84
H01L27112

TECHNICAL FIELDS
SEARCHED (lnl.¢l.7)

HGlL

T : thorny orprim'ulo undaflying the iii-Jamil)"
E : eaflhr patentduuument, bmmfiahed on, or

X : parfiwluiy vehvanl fluke» alone uterine filing date

P : intermediate damn-amt doom

 
28

1349208!“ I >

D :ducunwnt fibdinma uppl'saticnL monument cited for other muons

ammberufthesamepmemiwiiiiycotiespondmg

|PR2020-01275

Apple EX1002 Page 652



IPR2020-01275 
Apple EX1002 Page 653

EP‘13491208 A1

ANNEXTOTHEEUROPEANSEARCHREPORT
ON EUROPEAN PATENT APPLICATION NO. [P 03 00 6774

This annex lisls the paler-It family members relating to the pater“ Clements cited in me above-mentioned European search report.
The members are as oontalned In the European Patent Office EDP file on
The European Patent Office is in no way liable for mese particulars which are merely given fur the purpose ol inlurrnakion.

14 -07 -2003

Patem document Publication Patent lemiry Publication
medIn search report data membeds) date

  US 5275275 14-08-2001 KR 2000024850 A 06-05-2000
6166785 A 26- 12—2000

 
 

EPOFORMP0455 For more details about this annex : see Official Journal ofthe European Patent Office, No. 12/82

29

BNSDOCID: <EP 1349203A1_I_> 

|PR2020-01275

Apple EX1002 Page 653



IPR2020-01275 
Apple EX1002 Page 654

This Page is Inserted by IFW Indexing and Scanning

Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original

documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

Cl BLACK BORDERS

Cl IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

Cl FADED TEXT OR DRAWING

El BLURRED OR ILLEGIBLE TEXT OR DRAWING

El SKEWED/SLANTED IMAGES

D COLOR OR BLACK AND WHITE PHOTOGRAPHS

El GRAY SCALE DOCUMENTS

El LINES OR MARKS ON ORIGINAL DOCUMENT

REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

Cl OTHER:

IMAGES ARE BEST AVAILABLE COPY.

AS rescanning these documents will not correct the image

problems checked, please do not report these problems to

the IFW Image Problem Mailbox.

|PR2020-01275

Apple EX1002 Page 654



IPR2020-01275 
Apple EX1002 Page 655

4/019314A1||||||||||||||lllllllllllllllllllllll|||||||I||||||H||||llllllllllllllllllllllllllllllll

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date
4 March 2004 (04.03.2004)

 |IIIIIllllllllll|J||||lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

(10) International Publication Number

WO 2004/019314 A1 

(51)

(21)

(22)

(25)

(26)

(30)

(71)

(72)
(75)

International Patent Classification":

International Application N unlber:
PCTlJP2003/0 10644

International Filing Date: 22 August 2003 (22.08.2003)

Filing Language: English

Publication Language: English

Priority Data:

2002-245444 26 August 2002 (26.03.2002) JP

Applicant (for all designated States except US): CA-
SIO COMPUTER CO., LTD. [JP/JP]; 6—2, Hon—machi
l-chome, Shibuya~lcu, Tokyo 151-8543 (JP).

Inventors; and .
Inventors/Applicants (for US only): YAMADA, Hi-
royasu [JP/JP]; 2-11-5v502, Bessho, Hachioji—shi,
Tokyo 192-0363 (JP). SHIRASAKI, Tomoyuki [JP/JP];
1-1425-3—234, Sakuragaoka Higashiyamato-shi, Tokyo
207-0022 (JP). ‘

(81)

(84)

G09G 3/32 (74) Agents: SUZUYE, Takehiko et al.; c/o SUZUYE &
SUZUYE, 7-2, Kasumigaseki 3-chome,

Tokyo 100-0013 (JP);

Chiyoda-ku,

Designated States (national): AE, AG, AL, A AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, C
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, M2, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

Eurasian patent (AM, AZ, BY, KG, Kz, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,

SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, .CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG),

M.
0, CR, CU,

Published:

with intemational search report
before the expiration of the time limit for amending the
claim and to be republished in the event of receipt of
amendments

[Continued on next page]
 

(54) Title: DISPLAY DEVICE AND DISPLAY DEVICE DRIVING METHOD

 
 

 

sedationMANNINGuntvEn  
(57) Abstract: A display device includes a plurality of scanning lines(X1‘ Xm), a plurality of signal lines (Y1 - Y.,'), a scanning driver

c (5) which sequentially supplies to the scanning lines selection signals that select the scanning lines, a data driver (3') which supplies
a designation current to me plurality of signal lines duringwithin a selection period when the scanning lines are being selected, a
plurality of pixel circuits which supplies a driving current corresponding to a current value of the designation current that flows to
the signal lines, a plurality of optical elements (E1,1 - Em“) which emit light in accordance with the driving current supplied by the
plurality of pixel circuits and a power supply (6) which outputs to the plurality of pixel circuits a driving current reference voltage
to supply the driving current.

BNSDmI D: <WO‘200401931 4A I _|_>

|PR2020-01275

Apple EX1002 Page 655



IPR2020-01275 
Apple EX1002 Page 656

‘ .

WO 2004/019314 A1 7 IllllllllllllllllllllllllllIlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll . -

For two—letter codes and other abbreviatianx. rqfer lo the "Guid—
ance Notes on Code: andAbbreviations " appearing at the begin-
ning of each regular issue of the PCT Gazette.

 
anmnrv-um Alum omnn1o'z1an 1 I

|PR2020-01275

Apple EX1002 Page 656



IPR2020-01275 
Apple EX1002 Page 657

k,

10

15

20

25

WO 2004/019314 , PCT/JP2003/010644

D E S C R I P T I O N

DISPLAY DEVICE AND DISPLAY DEVICE DRIVING METHOD

Technical Field

The present invention relates to a display device

and a display device driving method.

Background Art

Liquid crystal displays are.generally classified

into active matrix driving liquid crystal displays and

simple matrix driving liquid crystal displays. The

active matrix driving liquid crystal display displays

an image having a higher luminance, higher contrast,

and higher resolution as compared to the simple matrix

driving liquid crystal display. In the active matrix

driving liquid crystal display, a liquid crystal

element which also functions as a capacitor and a

transistor which activates the liquid crystal element

are arranged for each pixel. In the active matrix

driving liquid crystal display, a selection signal is

input from a scanning driver serving as a shift

register to a scanning line so that the scanning line

is selected. At this time, when a voltage having a

level representing a luminance is applied from a data

driver to a signal line? the Voltage is applied to the

liquid crystal element through the transistor. Even

when the transistor is turned off during a period from

ENSDOCID: <wo 2004019314A1_|_>
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the end of signal input to the scanning.line to the

next signal input, the voltage level is held until the

next signal is input to the scanning line because the

liquid crystal element functions as a capacitor. As

described above, while the signal is input to the

scanning line, the light transmittance of the liquid

crystal element is newly refreshed. Light from a

baCklight passes through the liquid crystal element at

the refreshed light transmittance so that the gray

level of the liquid crystal display is expressed.

On the other hand, an organic EL

(ElectroLuminescence) display which uses organic EL

elements as spontaneous optical elements requires no

backlight, unlike liquid crystal displays. Hence, the

organic EL display is optimum for a thin display, In

addition, the organic EL display has no limitation on

the angle of field, unlike liquid crystal displays.

For this reason, practical utilization of organic EL

displays as next-generation display devices is greatly

expected.

From the viewpoint of a high luminance, high

contrast, and high resolution, voltage-controlled

active matrix driving schemes have been developed not

only for liquid crystal displays but also for organic

EL displays. However, the capacity of an organic EL

element is much smaller than that of a liquid crystal

element so a current flows to the organic EL element

DKIQWln'aMIn '-9nnmaoa1u1 I z»
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itself. To hold a voltage, the number of transistors
increases. This leads to an increase in complexity of

a circuit constituted by transistors.

In a transistor, generally, the channel resistance.

changes due to a change in ambient temperature or

long—time use. For this reason, the gate threshold

voltage changes over time or varies between

transistors. It is therefore difficult to uniquely

designate the current level to be supplied to an

organic EL element on the basis of the gate voltage

level of a switching transistor by changing the value

of the voltage to be applied to the gate electrode of

the transistor and thus changing the level of the

current to be supplied to the organic EL element. In

other words, the level of the current to be supplied

can hardly be uniquely designated by changing the value

of the voltage to be applied to the gate electrode of

the transistor and thus changing the luminance of the

organic EL element. That is, even when a gate voltage

of the same level is applied to the transistors of a

plurality of pixels, the organic EL elements of the

plurality of pixels may have different emission

luminances. This may cause a variation in luminance on

the display screen.

Disclosure of Invention

It is an object of the present invention to

provide a display device and a diSplay device driving

20040 1 931M1_l_>
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method, which allow stable display on the basis of a 
simple driving principle.

In order to solve the above problems, according to

an aspect of the present invention, there is provided a

5 display device comprising:

a plurality of scanning lines (e.g-, selection

scanning lines X1 to Xm);

a plurality of signal lines (e.g., signal lines Yl

to Yn);

10 a scanning driver (e.g., a selection scanning

 
driver 5) which sequentially supplies to the scanning

lines selection signals that select the scanning lines;

a data driver (e.g., a data driver 3) which

supplies a designation current (e.g., a gray level

15 designation current IDATA) to the plurality of signal

lines within a selection period (e.g., a selection

period TSE) when the scanning lines are being selected;

a plurality of pixel circuits (e.g., pixel

circuits Dl,l to Dm,n) which supplies a driving current

20 corresponding to a current value of the designation

current that flows to the signal lines;

a plurality of optical elements (e.g., light—

emitting elements El,l to Em,n) which emit light in

accordance with the driving current supplied by the

25 plurality of pixel circuits; and

a power supply (e.g., a common signal power supply

6) which outputs to the plurality of pixel circuits a
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driving current reference voltage (e.g., a voltage

VHIGH) to supply the driving current.

In the above device, in accordance with the timing.

when the power supply outputs the driving current

reference voltage, the plurality of pixel circuits

supply the driving current in accordance with the

current value of the designation current that flows

within each selection period. Accordingly, the optical

elements emit light.

Hence, when the power supply outputs the driving

current reference voltage from the end of the selection

period of a predetermined scanning line till the

'beginning of the selection period of the next scanning

line, a driving.current corresponding to both an

optical element corresponding to the predetermined

scanning line and an optical element corresponding to

the next scanning line flows. Hence, the optical

elements can emit light at a desired luminance.

When the power supply outputs the driving current

reference voltage to the pixel circuit at once after

all the scanning lines are selected, all the optical

elements can emit light.

When a reset voltage is output to the plurality of

signal lines within a period when none of the plurality

of optical elements are selected, the signal lines

reset charges stored in the preceding selection period.

For this reason, the parasitic capacitance of the
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signal lines can be quickly charged within the next

selection period so that even when a designation

current having a smaller current value is supplied, the

current value of the designation current can rapidly be-

set in the steady state. Hence, even an optical

element such as an organic EL element whose luminance

is modulated by a small current on the ”A order is

allowed to quickly display multiple gray level

luminances.

Brief Description of Drawings

FIG. 1 is a View showing an organic EL display

applied as a display device according to the first

embodiment of the present invention;

FIG. 2 is a plan view showing a pixel shown in

FIG. 1, in which an oxide insulating film, channel

protective insulating film, and common electrode are

omitted to help understanding;

FIG. 3 is a sectional view taken along a line

III - III in FIG. 2;

FIG. 4 is a sectional view taken along a line

IV - IV in FIG. 2;

FIG. 5 is a sectional view taken along a line'

V - V in FIG. 2;

FIG. 6 is an equivalent circuit diagram of four

adjacent pixels;

FIG. 7 is a graph showing the current vs. voltage

characteristic of an N—channel field effect transistor

annarncnuun I s
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used in the first embodiment;

FIG. 8 is a timing chart showing the levels of

signals in the apparatus according to the first

embodiment;

FIG. 9A.is a view showing a voltage state when no

switching circuit is arranged, and a gray level

designation current with the maximum current value is

supplied across the drain and source of a transistor

and a signal line during the selection period of the

ith row; '

FIG. 9B is a view showing a voltage state when a

switching circuit is arranged, and a gray level

designation current with the maximum current value is

supplied across the drain and source of a transistor

and a signal line during the selection period of the

ith row;

FIG. 10 is a view showing an organic EL display

applied as a display device according to the second

.embodiment of the present invention, in which a common

signal power supply is arranged in a controller;

FIG. 11 is a view showing an organic EL display

applied as a display device according to the third

embodiment of the present invention, in which the.drain

of the transistor of a pixel circuit is connected to a

selection scanning line;

FIGS. 12A.and 12B are equivalent circuit diagrams

showing adjacent pixels in the third embodiment to

BNSDOCID: <WO_200401931¢A1_I_>
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indicate current flows in different operation periods;

and

FIG. 13 is a timing chart showing the levels of

signals in the apparatus according to the third.

embodiment.

Best Mode for Carrying Out the Invention

Detailed embodiments of the present invention will

be described below with reference to the accompanying

drawings. The scope and spirit of the display device

or panel are not limited to the illustrated

embodiments.

[First Embodiment]

FIG. 1 is a View showing an organic EL display to

which the present invention is applied. An organic EL

display 1 comprises, as a basic arrangement, an organic

EL display panel 2, data driver 3, selection scanning

driver 5, common signal power supply 6, switching

circuit 7, and controller 11.

In the organic EL display panel 2, a display

section 4 on which an image is actually displayed is

formed on a transparent substrate 8. The data driver

3, selection scanning driver 5, common signal power

supply 6, and switching circuit 7 are arranged around

the display section 4. The data driver 3, selection

scanning driver 5, and common signal power supply 6 may

be arranged either on the transparent substrate 8 or

on a flexible circuit board arranged around the

cnnamnmam I >
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transparent substrate 8.

In the display section 4, (m X n) pixels Pl,1 to

Pm,n (m and E are arbitrary natural numbers) are

arranged in a matrix on the transparent substrate 8.

In the column direction, i.e., in the vertical

direction, m pixels Pl,j to Pm,j (1 is an arbitrary

natural number; 1 g j g n) are arrayed. In the row

direction, i-e., in the horizontal direction, n pixels

Pi,1 to Pi,n (i is an arbitrary natural number; 1 §

IM1 m) are arrayed. That is, a pixel which exists on

the ith line (i.e., the ith row) from the upper side in

the vertical direction and the jth line (i.e., the jth

column) from the left side in the horizontal direction

is defined as a pixel Pi,j-

In the display section 4, m selection scanning

lines X1 to Xm_running in the row direction are

parallelly arranged in.the column direction on the

transparent substrate 8. In addition, m common signal

supply lines 21 to Zm running in the row direction are

parallelly arranged in the column direction on the

transparent substrate 8 in correspondence with the

selection scanning lines X1 to Xm. Each common signal

supply line Zk (1 § k é m-l) is inserted between the

selection scanning lines Xk and Xk+1. The selection

scanning line Km is inserted between the common signal

supply lines Zm_1 and Zm. In addition, n signal lines

Y1 to Yn running in the column direction are parallelly

BNSDOCID: <wo 20040‘9314A1-I_>
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arranged in the row direction on the transparent

substrate 8. The selection scanning lines X1 to Xm,

common signal supply lines Z1 to Zm, and signal lines

Y1 to Yn are insulated from each other by intervening

insulating films. A selection scanning line Xi and

common signal supply line Zi are connected to E pixels

Pi,l to Pi,n arrayed in the row direction. A signal

line Yj is connected to 3 pixels Pi,j to Pm,j arrayed

in the column direction. The pixel Pi,j is arranged at

a portion surrounded by the selection scanning line Xi,

common signal supply line Zir and signal line Yj. The

selection scanning lines X1 to Xm are connected to the

output terminals of the selection scanning driver 5.

The common signal supply lines 21 to Zm are rendered

conductive to each other and connected to the output

terminal of the common signal power supply 6. That is,

the same signal is output to the common signal supply

lines 21 to Zm-

The pixel Pi,j will be described next with

reference to FIGS. 2 to 6. FIG. 2 is a plan view

showing the pixel Pi’j. To help understanding, an

oxide insulating film 41, channel protective insulating

film 45, and common electrode 53 (to be described

later) are omitted. FIG. 3 is a sectional view taken

along a line III — III in FIG. 2. FIG. 4 is a

sectional view taken along a line IV — IV in FIG. 2.

FIG. 5 is a sectional view taken along a line V - V in

offing-1112214111 l >
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FIG. 2.

FIG. 6 is an equivalent circuit diagram of four

adjacent pixels Pi,jl Pi+l,jl Pi,j+l/ and Pi+l,j+l-

The pixel Pi,j is constituted by a light—emitting

element Ei,j which emits light with a luminance (nt. =

cd/mz) corresponding to the current value of the

driving current and a pixel circuit Di,j which is

arranged around the light~emitting element Ei,j and

drives the light—emitting element Ei,j- The pixel

circuit Di,j holds_the current value of a current that

flows to the light-emitting element Ei,j during a

predetermined light—emitting period on the basis of a

voltage signal and current output from the data driver

3, selection scanning driver 5, power supply scanning

driver 6, and switching circuit 7. With this

operation, the luminance of the light—emitting element

Ei/j is held at a predetermined value during a

predetermined period.

The light—emitting element Ei,j is made of an

organic EL element. The light-emitting element Ei,j

has a multilayered structure formed by sequentially

stacking a pixel electrode 51, an organic EL layer 52,

and the common electrode 53. The pixel electrode 51

functions as an anode on the transparent substrate 8.

The organic EL layer 52 has a function of receiving

holes and electrons by an electric field and a function

of transporting holes and electrons. The organic EL

BNSDOCID: <wo 2004019314A1_I_>
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layer 52 has a recombination region where the

transported holes and electrons are recombined and a

light—emitting region where light is emitted by

capturing excitons generated upon recombination. The

organic EL layer 52 functions as a light—emitting layer

in a broad sense. The common electrode 53 functions as

a cathode. .

The pixel electrode 51 is patterned and separated

for each pixel Pi,j in each surrounded region

surrounded by the signal lines Y1 to Yn and selection

scanning lines X1 to Xm. The peripheral edge of the

pixel electrode 51 is covered with an interlayer

dielectric film 54 which has a layer of silicon nitride

or silicon oxide that covers three transistors 21, 22,

and 23 of the pixel circuit Di,j‘ The upper surface at

the center of the pixel electrode 51 is exposed through

a contact hole 55 in the interlayer dielectric film 54.

The interlayer dielectric film 54 may also have a

second layer formed of an insulting film of polyimide

or the like on the first layer of silicon nitride or

silicon oxide.

The pixel electrode 51 has conductivity and

transmittance to visible light. The pixel electrode 51

preferably has a relatively high work function and

efficiently injects holes into the organic EL layer 52.

For example, the pixel electrode 51 contains, as a

principal component, indium tin oxide (ITO), indium
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zinc oxide, indium oxide (In203), tin oxide (Sn02)/ or

zinc oxide (ZnO).

The organic EL layer 52 is formed on each pixel

electrode 51. The organic EL layer 52 is also

patterned for each pixel Pi,j- The organic EL layer 52
contains a light—emitting material (phosphor) as an

organic compound. The light—emitting-material may be

either a polymeric material or a low molecular weight

material. The organic EL layer 52 may have, e.g., a

two—layered structure in which a hole transport layer

52A.and a light—emitting layer 52B in a narrow sense

are formed sequentially from the side of the pixel

electrode 51, as shown in FIG. 3. The light-emitting

layer 52B has a recombination region where holes and

electrons are recombined and a light—emitting region

where light is emitted by capturing excitons generated

upon recombination. Alternatively, the organic EL

layer 52 may have a three—layered structure in which a

hole transport layer, a light—emitting layer in a

narrow sense, and electron transport layer are formed

sequentially from the side of the pixel electrode 51.

The organic EL layer 52 may have a single—layered

structure including a light—emitting layer in a narrow

sense. The organic EL layer 52 may also have a

multilayered structure formed by interposing an

electron or hole injection layer between appropriate

layers of the above layer structure. The organic EL

2004019314A 1 _I_>
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layer 52 may have any other layer structure.

The organic EL display panel 2 is capable of

full—color display or multi-color display. In this

case, the organic EL layer 52 of each of.the pixels

Pi,l to Pi,n is formed of a light—emitting layer in a

broad sense, which has a function of emitting one of,

e.g., red light, green light, and blue light. That is,

when the pixels Pi,l to Pi,n selectively emit red,

green, and blue light, a color tone is displayed by

appropriately synthesizing the colors.

The organic EL layer 52 is preferably made of an '

organic compound that is electronically neutral. In

this case, holes and electrons are injected and

transported in the organic EL layer 52 in good balance.

In addition, an electron transportable substance may be

appropriately mixed into the light—emitting layer in a

narrow sense. A hole transportable substance may be

appropriately mixed into the light-emitting layer in a

narrow sense. An electron transportable substance and

a hole transportable substance may be appropriately

mixed into the light—emitting layer in a narrow sense.

A charge transport layer serving as an electron

transport layer or a hole transport layer may be caused

to function as a recombination region. Light may be

emitted by mixing phosphor into the charge transport

layer.

The common electrode 53 formed on the organic EL
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layer 52 is a single electrode connected to all the

pixels Pl,l to Pm,n- Alternately, the common electrode

53 may comprise a plurality of stripe—shaped electrodes

connected to the respective columns. More specifi—

Ically, the common electrode 53 may comprise a stripe

common electrode connected to a group of pixels Pl,h—1

to Pm,h—1 (h is an arbitrary natural number; 2 g h g

n) in the column direction, a stripe common electrode

connected to a group of pixels P1,h to Pm,h- In this

manner, the common electrode 53 comprises a plurality

of stripe—shaped electrodes each connected to each

column. Alternatively, the common electrode 53 may

comprise a stripe common electrode connected to a group

of pixels Pg_1,1 to Pg—1,n (g is an arbitrary natural

number; 2 g g g nn in the row direction, a stripe

common electrode connected to a group of pixels Pg,l to

Pg,nI---- In this manner, the common electrode 53

comprises a plurality of stripe—shaped electrodes

connected to each row.

In any case, the common electrode 53 is

electrically insulated from the selection scanning line

xi, signal line Yj, and common signal supply line Zi.

The common electrode 53 is made of a material having a

low work function. For example, the common electrode

53 is made of a single element or an alloy containing

at least one of indium, magnesium, calcium, lithium,

barium, and rare—earth metals. The common electrode 53

BNSDOCI D: <WO 200401931 4A1_l_>
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may have a multilayered structure formed by stacking a

plurality of layers made of the above materialS. More

specifically, the multilayered structure may include a

high purity barium layer which has a low work function

5 and is formed on the side of the interface that is in

contact with the organic EL layer 52, and an aluminum

layer that covers the barium layer. Alternatively, the

multilayered structure may have a lithium layer on the

lower side and an aluminum layer on the upper side.

10 When a transparent electrode is used as the pixel

electrode 51, and light emitted from the organic EL

layer 52 of the organic EL display panel 2 should exit

from the side of the transparent substrate 8 through

the pixel electrode 51, the common electrode 53

15 preferably shields the light emitted from the organic

EL layer 52. -More preferably, the common electrode 53‘

has a high reflectance against the light emitted from

the organic EL layer 52.

As described above, in the light—emitting element

20 Ei,j having a multilayered structure, when a forward

bias voltage is applied between the pixel electrode 51

and the common electrode 53, holes are injected from

the pixel electrode 51 to the organic EL layer 52 while

electrons are injected from the common electrode 53 to

25 the organic EL layer 52. The holes and electrons are

transported in the organic EL layer 52. When the holes

and electrons are recombined in the organic EL layer
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52, excitons are generated. The excitons excite the

organic EL layer 52. The organic EL layer 52 emits

light.

The emission luminance (unit: nt. = cd/m2) of the

light—emitting element Ein depends on the current

value of the current that flows to the light—emitting

element Ei,j- To maintain a predetermined emission

luminance of the light—emitting element Ei,j during the

light—emitting of the light-emitting element Ei,j or

obtain an emission luminance corresponding to the

current value of a gray level designation current IDATA

drawn from the data driver 3, the pixel circuit Di,j is

'arranged around the light-emitting element Ei,j Of each

pixel Pi,j- The pixel circuit Di,j controls the

current value of the light-emitting element Eilj.

Each pixel circuit Di,j comprises three

transistors 21, 22, and 23 and a capacitor 24. Each

transistor is formed of a field effect thin film

transistor (TFT) having an N-channel MOS structure.

Each transistor 21 is an MOS field effect

transistor constituted by a gate electrode 21g, gate

insulating film 42, semiconductor layer 43, source

electrode 215, and drain electrode 21d. Each

transistor 22 is an M08 field effect transistor

constituted by a gate electrode 22g, gate insulating

film 42, semiconductor layer 43, source electrode 225,

and drain electrode 22d. Each transistor 23 is

BNSDOCID: <WO_2004019314A1-|_>
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constituted by a gate electrode 23g, gate insulating

film 42, semiconductor layer 43, source electrode 23s,

and drain electrode 23d.

More specifically, as shown in FIG. 3, the first

transistor 21 is a reverse stagger type transistor

comprising the gate electrode 21g, oxide insulating

film 41, gate insulating film 42, island-shaped

semiconductor layer 43, channel protective insulating

film.45, impurity—doped semiconductor layers 44, source

electrode 215, and drain electrode 21d. The gate

electrode 21g is made of aluminum and formed on the

transparent substrate 8. The oxide insulating film 41

is formed by anodizing aluminum that covers the gate

electrode 21g. The gate insulating film 42 is made of

silicon nitride or silicon oxide and covers the oxide

insulating film 41. The semiconductor layer 43 is

formed on the gate insulating film 42. The channel

protective insulating film 45 is made of silicon

nitride and formed on the gate insulating film 42. The

impurity—doped semiconductor layers 44 are made of

n+—silicon and formed at both ends of the semiconductor

layer 43. The source electrode 215 and drain electrode

21d are made of a material selected from chromium, a

chromium alloy, aluminum and an aluminum alloy, and

formed on the impurity semiconductor layers 44.

The second and third transistors 22 and 23 have

the same structure as that of the first transistor 21
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described above. However, the shapes, sizes, and

dimensions of the transistors 21, 22, and 23, and the

channel widths and channel lengths of the semiconductor

layers 43 are appropriately set in accordance with the

functions of the transistors 21, 22, and 23.

The transistors 21, 22, and 23 may be formed.

simultaneously by the same process. In this case, the

gate electrodes, oxide insulating films 41, gate

insulating films 42, semiconductor layers 43, impurity

semiconductor layers 44, source electrodes, and drain

electrodes of the transistors 21, 22, and 23 have the

same compositions.

Even when the semiconductor layers 43 of the

transistors 21, 22, and 23 are made of amorphous

silicon, they can be sufficiently driven. However, the

semiconductor layers 43 may be made of polysilicon.

The structures of the transistors 21, 22, and 23 are

not limited to the reverse stagger type. Even a

stagger type or coplanar type structure may be

employed.

Each capacitor 24 is constituted by an electrode

24A, electrode 24B, and dielectric body. The electrode

24A is connected to the gate electrode 23g of the third

transistor 23. The electrode 248 is connected to the

source electrode 235 of the transistor 23. The

dielectric body has the gate insulating film 42

interposed between the electrodes 24A and 24B. The
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capacitor 24 stores charges between the source

electrode 235 and the drain electrode 23d of the

transistor 23.

As shown in FIG. 6, in the second transistor 22 of

each of the pixel circuit Di,l to Di,n of the ith row,

the gate electrode 22g is connected to the selection

scanning line Xi of the ith row. The drain electrode

22d is connected to the common signal supply line Zi of

the ith row. As shown in FIG. 5, the drain electrode

23d of the third transistor 23 of eaCh of the pixel

circuit Di,l to Di,n of the ith row is connected to the

common signal supply line Zi of the ith row through a

contact hole 26. The gate electrode 21g of the first

transistor 21 of each of the pixel circuit Di,l to Di,n

of the ith row is connected to the selection scanning

line Xi of the ith row. The source electrode 215 of

the transistor 21 of each of_the pixel circuit Dl,j to

Dm,j of the jth column is connected to the signal line

Yj of the jth column.

In each of the pixels Pl,l to Pm,nl the source

electrode 225 of the second transistor 22 is connected

to the gate electrode 23g of the third transistor 23

through a contact hole 25 formed in the gate insulating

film 42, as shown in FIG. 4. The source electrode 225

is also connected to one electrode of the capacitor 24.

The source electrode 233 of the transistor 23 is

connected to the other electrode of the capacitor 24

m'enfinlnaun amnrnnfhu‘l I 5
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and also to the drain electrode 21d of the transistor

21. The source electrode 235 of the transistor 23, the

other electrode of the capacitor 24, and the drain

electrode 21d of the transistor 21 are connected to the

pixel electrode 51 of the light—emitting element Ei,j~

The voltage of the common electrode 53 of the

light-emitting element Ei,j is a reference voltage VSS-

In this embodiment, the common electrode 53 of all

light—emitting elements E1,l to Em,n is grounded so

that the reference voltage V55 is set to O [V].

Protective films 43A formed by patterning the same

film as that of the semiconductor layers 43 of the

transistors 21 to 23 are arranged between the selection

scanning line Xi and the signal line Yj and between the

common signal supply line Z1 and the signal line Yj as

well as the gate insulating film 42.

The controller 11 outputs a control signal group

DCNT including a data driver clock signal CK1, start

signal STl and latch signal L to the data driver 3 on

the basis of a dot clock signal CKDT’ horizontal sync

signal HSYNC and vertical sync signal VSYNCI which are

input from the outside. The controller 11 also outputs

a control signal group GCNT including a selection

scanning driver clock signal CK2 and start signal 8T2.

The controller 11 also outputs a common signal clock

signal CK3 to the common signal power supply 6. The

controller 11 also supplies a reset voltage VRST to the
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switching circuit 7 and outputs a switching signal ¢

to the switching circuit 7.

More specifically, the data driver clock signal

CKl is a signal to sequentially shift the selected

5 column in synchronism with the dot clock signal CKDT.

An 8—bit red digital gray level image signal SR, green

digital gray level image signal 56, and blue digital

gray level image signal SB are received from an

external circuit at the timing of the clock signal CKl.

10 The start signal STl is a signal to return the selected

column to the first column in synchronism with the

horizontal sync signal HSYNC- The latch signal L is a

signal to parallelly supply the analog gray level

designation current IDATA based on an analog gray level

15 designation signal to the signal lines Y1 to Yn. The

Ianalog gray level designation signal is obtained by

causing the D/A.converter in the data driver 3 to

D/A-convert the data of one row, i.e., the red digital

gray level image signal SR, green digital gray level

20 image signal Se, and blue digital gray level image

signal SB which are received in correspondence with ther

pixels Pi,1 to Pi,n-

The selection scanning driver clock signal CKZ is

a signal to sequentially shift the selected row in

'25 synchronism with the horizontal sync signal HSYNC- The

start signal 3T2 is a signal to return the selected row

to the first row in synchronism with the vertical sync
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signal VSYNC~

The common signal clock signal CK3 is a clock

signal to output a common signal to the common signal

supply lines 21 to Zm.

5 The data driver 3, selection scanning driver 5,

and common signal power supply 6 arranged around the

display section 4 will be described next.

The selection scanning driver 5 is a so~called

shift register in which E flipsflop circuits are

10 connected in series. The driver 5 outputs a selection

signal to the selection scanning lines X1 to Xm. That

is, in accordance with the selection scanning driver

clock signal CKZ received from the controller 11, the

selection scanning driver 5 sequentially outputs a

15 . selection signal of ON level (high level) to the

selection scanning lines X1 to Xm in this order (the

selection scanning line X1 follows the selection

scanning line Xm), thereby sequentially selecting the

selection scanning lines X1 to Xm.

20 More specifically, as shown in FIG. 8, the

selection scanning driver 5 individually applies, to

the selection scanning lines X1 to er one of an ON

voltage VON (e.g., much higher than the reference

voltage VSS) asra high—level selection signal and an

25 OFF voltage VOFF (e.g., equal to or lower than the

reference voltage V55) as a low—level selection signal,

thereby selecting each selection scanning line Xi at a
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predetermined period.

During a selection period TSE when the selection

scanning line Xi is to be selected, the selection

scanning driver 5 applies the ON voltage VON as a

selection signal of ON level (high level) to the

selection scanning line Xi. Accordingly, the

transistors 21 and 22 (the transistors 21 and 22 of all

the pixel circuits Di,1 to Di,n) connected to the

selection scanning line Xi are turned on. When the

first transistor 21 is turned on, the current that

flows to the signal line Yj can flow to the pixel

circuit Di,j- On the other hand, a non—Selection

period TNSE is present from the end of the selection

period TSE of the selection scanning line Xi of the ith

row till the beginning of the selection period TSE of

the selection scanning line Xi+l of the (i+1)th row.

When the selection scanning driver 5 applies the OFF

voltage VOFF of low level to all the selection scanning

lines X1 to Xm, the transistors 21 and 22 of all the

selection scanning lines X1 to Xm are turned off. When

the transistor 21 is turned off, supply of the gray

level designation current IDATA.t0 the signal line Yj

is stopped. The period from the start of the selection

period TSE of the selection scanning line X1 of the

first row to the start of the next selection period TSE

of the selection scanning line X1 of the first row is

defined as one scanning period TSC- The selection

DMQWIH- rWn 9MAA1G'I‘IAA1 I >

|PR2020-01275

Apple EX1002 Page 680



IPR2020-01275 
Apple EX1002 Page 681

10

15

20

25

WO 2004/019314 PCT/JP2003/0106-44

25

periods TSE of the selection scanning lines X1 to Xm do

not overlap each other.

The common signal power supply 6 is an independent

power supply to supply a stable rated voltage to all

the common signal supply lines Z1 to Zm. The common

signal power supply 6 outputs a signal having a phase

corresponding to the common signal clock signal CK3 to

the common signal supply lines Zl to Zm. While the

selection scanning driver 5 is applying the ON voltage

VON to one of all the selection scanning lines X1 to Xm

asda selection signal, i.e., during the selection

period TSE,-the common signal power supply 6 outputs a

low—level voltage VLOW to all the common signal supply

lines 21 to Zm as a reference potential for the gray

level designation current. During the non—selection4

period TNSE from the end of the selection period TSE of

the selection scanning line Xi of the ith row till the

beginning of the selection period TSE of the selection

scanning line Xi+l of the (i+1)th row, the common

signal power supply 6 outputs a high—level voltage

VHIGH as a reference potential for a driving current.

Hence, when the common signal from.the common signal

power supply 6 is the voltage VLOWI the selection

scanning driver 5 outputs the selection signal of the

ON voltage VON to one selection scanning line Xi of the

selection scanning lines Xl to Xm. The selection

scanning driver 5 outputs the selection signal of the

BNSDOCID: <wo_2004019314m_n_>
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OFF voltage VOFF to the selection scanning lines X1 to

Xm except the selection scanning line Xi- When the

common signal output from the common signal power

supply 6 drops from the high—level voltage VHIGH to the

5 low—level voltage VLOWI the selection signal output

_from the selection scanning driver 5 to one of the

selection scanning lines X1 to Xm_rises. When the

common signal output from the common signal power

supply 6 rises from the low—level voltage VLOW to the

10 high—level voltage VHIGHI the selection signal of the

ON voltage VON output from the selection driver 5 to

one of the selection scanning lines X1 to Xm falls.

The low—level voltage VLOW (the reference voltage

for the designation current) as the common signal

15 output from the common signal power supply 6 is lower

than the reference voltage V53. However, the low—level

voltage VLOW may be equal to the reference voltage VSS-

For this reason, even when the third transistors 23 of

the pixels Pi,l to Pi,n are ON during the selection

20 period TSE of the ith row, a voltage of 0 V or a

reverse bias voltage is applied between the anode and

the cathode of each of the light—emitting elements Ei,1

to Ei,n because the voltage VLOW of the common signal

is lower than the reference voltage VSS-i Hence, no

25 current flows in the light-emitting elements Ei,l to

Ei,n- Light is not emitted. On the other hand, the

high-level voltage (the reference voltage for the
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driving current) VHIGH output from the common signal

power supply 6 is set to be higher than the reference

voltage V55. That is, when the common signal is the

voltage VHIGHI the selection scanning driver 5 applies

the OFF voltage VOFF to all the selection scanning

lines X1 to Xm, The transistors 21 and 22 of all the

pixels Pl,l to Pm,n are turned off. A.forward bias is

applied between the light-emitting elements El,l to

Em,n and the transistors 23 connected in series with

the light—emitting elements E1,l to Fm’n.

The voltage VHIGH will be described. FIG. 7 is a

graph showing the current vs. voltage characteristic of

the N—channel field effect transistor 23. Referring to

FIG. 7, the abscissa represents the voltage value

between the drain and the source: The ordinate

represents the current value between the drain and the

source. In the unsaturated region (the region where

source—drain voltage VDS < drain saturation threshold

voltage VTH: the drain saturation threshold voltage VTH

is a function of a gate—source voltage VGS and is

uniquely defined in accordance with the source-drain

voltage VDS when the gate-source voltage VGS is

determined) shown in FIG. 7, when the gate—source

voltage VGS has a predetermined value, a source—drain

current lbs increases as the source-drain voltage VDS

increases. In the saturated region (source-drain

VOltage VDS 2 drain saturation threshold voltage VTH)

BNSDOCID: <WO_20040193V4A1_|_>

|PR2020-01275

Apple EX1002 Page 683



IPR2020-01275 
Apple EX1002 Page 684

10

15

20

25

WO 2004/019314 PCT/JP2003/010644

28

shown in FIG. 7, when the gate-source voltage VGS has a

predetermined value, the source-drain current IDS is

almost constant even when the source-drain voltage VDS

increases.

Referring to FIG. 7, gate—source voltages VGSO

to VGSMAX have a relationship given by VGSO = O [V] <

VGSl < VGSZ < VGS3 < VGS4 < VGSMAX- That is, as is

apparent from FIG. 7, when the source—drain voltage VDS

has a predetermined value, the source—drain current IDS

increases as the gate—source voltage VGS increases

independently of whether it is the unsaturated region

or saturated region. In addition, as the gate-source

voltage VGS increases, the drain saturation threshold

voltage VTH increases.

As described above, in the unsaturated region,

when the source—drain voltage VDS changes even

slightly, the source-drain current IDS changes. In the

saturated region, when the gate—source voltage VGS is

defined, the source—drain current IDS is uniquely

defined independently of the source—drain voltage VDS-

When the maximum gate-source voltage VGSMAX is

being applied to the third transistor 23, the

source-drain current IDS is set to the value of the

current that flows between the anode 51 and the cathode

of the light-emitting element Ei,j that emits light at

the maximum luminance.

In addition, to make the third transistor 23
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maintain the saturated region even when the gate—source
 

voltage VGS of the third transistor 23 is the maximum

voltage VGSMAXI the following condition is satisfied.

VHIGH - VE - Vss 3 VTHMAX

5 where VB is the voltage between the anode and the

cathode voltage, which is required by the,

light-emitting element Ei,j for emitting light at the

maximum luminance during the light emission life

period. VTHMAX is the saturation threshold voltage

10 between the source and the drain of the third

transistor 23, which corresponds to VGSMAX“ The

voltage VHIGH is set such that the above condition is

satisfied. Hence, even when the source—drain voltage

VDS of the third transistor 23 becomes low due to the

15 voltage division of the light—emitting element Ei,j

connected in series with the transistor 23, the

source—drain voltage VDS always falls within the range

of the saturated state. For this reason, the

source-drain current IDS that flows to the third

20 transistor 23 is uniquely defined by the gate—source

voltage VGS‘

The data driver 3 will be described next. As

shown in FIG. 1, the signal lines Y1 to Yn are

connected to current terminals CTl to CTn of the data

25 driver 3, respectively. The data driver 3 receives the

control signal group DCNT including the data driver

clock signal CKl, start signal STl, and latch signal L
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from the controller 11. The data driver 3 also

receives the 8-bit red digital gray level image signal

SR, green digital gray level image signal SG, and blue

digital gray level image signal SE from an external

5 circuit. The received digital signals are converted

into analog signals by the D/A converter in the data

driver 3. The data driver 3 controls such that the

gray level designation current IDATA based on the latch

signal L and the converted analog signals flows from

10 I the signal lines Y1 to Yn to the current terminals CTl

to CTn of the data driver 3. The gray level

designation current IDATA is a current that is

equivalent to the current level (current value) that

flows to the light—emitting elements El,l to Em,n to

15 cause them to emit light at a luminance corresponding

to a gray level image signal from an external circuit.

The gray level designation current IDATA flows from the

signal lines Y1 to Yn to the current terminals CTl to

CTn.

20 The switching circuit 7 is formed of switching

circuits 81 to Sn. The switching circuits 51 to Sn are

connected to the signal lines Y1 to Yn, respectively.

In addition, the current terminals CTl to CTn of the

data driver 3 are connected to the switching circuits

25 51 to Sn, respectively. Each of the switching circuits

81 to Sn receives the switching signal ¢ and a reset

voltage VRST from the controller 11.
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A switching circuit Sj (the switching circuit Sj

is connected to the signal line Yj of the jth column)

switches between two operations: an operation in which

the gray level designation current IDATA is supplied

from the path between the drain 23d and the source 235

of the third transistor 23 and the signal line Yj to a

current terminal CTj of the data driver 3; and an

operation in which the reset voltage VRST having a

predetermined voltage level is output from the

controller 11 to the signal line Yj. 'More specifi—

cally, when the switching signal'¢ input from the

controller 11 to the switching circuit Sj is at high

level, the switching circuit Sj cuts off the current of

the current terminal CTj. The switching circuit Sj

also outputs the reset voltage VRST from the controller

11 to the signal line Yj. On the other hand, when the

switching signal ¢ input from the controller 11 to the

switching circuit Sj is at low level, the switching

circuit Sj supplies the gray level designation current

IDATA between the current terminal CTj and the signal

line Yj to the path between the drain 23d and the

source 235 of the transistor 23 and the signal line Yj.

The switching circuit Sj also cuts off the reset

voltage VRST from the controller 11.

In the organic EL display 1 having no switching

circuit 7 for reset, assume that, e.g., the pixel Pi,j

of the ith row on the signal line Yj of the jth column

2004019314A1_I_>
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should emit light at the highest gray level, as shown

in FIG. 9A” Assume that, for this purpose, the gray

level designation current IDATA having the maximum

current value is supplied to the path between the drain

‘23d and the source 235 of the third transistor 23 and

the signal line Yj during the selection period TSE- At

this time, a highest gray level voltage Vhsb of the

current terminal CTj is much lower than the voltage

VLOW and reference voltage VSS of the common signal

power supply 6. That is, the potential difference

between the current terminal CTj and the voltage VLOW

of the common signal power supply 6 is sufficiently

'large. For this reason, a large current can rapidly be

supplied to the path between the drain 23d and the

source 235 of the transistor 23 and the signal line Yj

to charge up the parasitic capacitance of the signal

line Yj, and a steady state can quickly be set. Next,

assume that the pixel Pi+l,j of the (i+l)th row should

emit light at the lowest gray level luminance. Assume

that, for this purpose, the gray level designation

current IDATA having the minimum current value (the

current value is not zero) is to be supplied to the

signal line Yj.. That is assume that the potential of

the current terminal CTj is to be changed to a lowest

gray level voltage Vlsb which has a small potential

difference to the voltage VLOW of the common signal

power supply 6 by supplying the very small gray level

RNKWY'EID' (wn annamnmuu I >
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designation current IDATAI and the gray level

designation current IDATA should thus be set in the

steady state. Am this time, the amount of charges

which are stored in the parasitic capacitance qf the

5 signal line Yj when the gray level designation current

IDATA for the ith row is supplied is large. For this

reason, the potential difference that corresponds to.1

the change in potential of the signal line Yj per unit

time becomes small. A long time may therefore be

10 required until the potential of the signal line Yj is

changed from the highest gray level voltage Vhsb to the

lowest gray level voltage Vlsb and set in the steady

state. In addition, when the selection period TSE is

set to be short, a difference corresponding to a

15 voltage VDF is generated before the potential reaches

the lowest gray level voltage Vlsb. Hence, the pixel

Pi+l,j cannot emit light at an accurate luminance.

The organic EL display 1 of this embodiment has

the switching circuit 7. Hence, as shown in FIG. 9B,

20 the switching circuit Sj forcibly switches the

potential of the signal line Yj to the reset voltage

VRST much higher than the highest gray level voltage

Vhsb during the non-selection period TNSEI i.e., before

the gray level designation current IDATA for the

25 (i+l)th row is supplied to the path between the drain

23d and the source 235 of the transistor 23 and the

signal line Yj. During the selection period TSEI the
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amount of charges stored in the signal line Yj serving

as a parasitic capacitance quickly changes so the

signal line Yj can rapidly be set at a high potential.

For this reason, even when the gray level designation

current IDATA for the (i+l)th row has a very small

current value corresponding to the lowest gray level,

the potential can quickly reach the lowest gray level

voltage Vlsb.

The reset voltage VRST is set to be higher than

the highest gray level voltage Vhsb. IThe highest gray

level voltage Vhsb is set in the steady state in

accordance with charges stored in the signal lines_Y1

to Yn by the gray level designation current IDATA which

has a current value equal to a maximum gray level

driving current IMAX- The maximum.gray level driving

current IMAX flows to the light—emitting elements El,1

to Em,n when they emit light at a maximum gray level

luminance LMAX for brightest light during the selection

period TSE. More preferably, the reset voltage VRST is

set to be equal to or higher than an intermediate

voltage that has an intermediate value between the

lowest gray level voltage Vlsb and the highest gray

- level voltage Vhsb. The lowest gray level voltage Vlsb

is set in the steady state in accordance with charges

stored in the signal lines Y1 to Yn by the gray level

designation current IDATA which has a current value

equal to a minimum gray level driving current IMIN-

FINRIYY‘JD' (WU 9004019314A1 I >

|PR2020-01275

Apple EX1002 Page 690



IPR2020-01275 
Apple EX1002 Page 691

10

15

20

25

WO 2004/019314 PCT/JP2003/010644

35

The minimum gray level driving current IMIN flows to

the light—emitting elements E1,l to Em,n when they have

a minimum gray level luminance LMIN (hOWever, the

current level is more than 0 A) for darkest light. The

reset voltage VRST more preferably has a value equal to

or more than the lowest gray level voltage Vlsb.

An example of the switching circuit Sj of the jth

column will be described. The switching circuit Sj is

constituted by a fourth transistor 31 formed of a

P—channel field effect transistor and a fifth

transistor 32 formed of an N—channel field effect

transistor. The gate electrode of the transistor 31

and the gate electrode of the transistor 32 are

connected to the controller 11 so that the switching

circuit Sj receives the switching signal ¢. The

source electrode of the transistor 31 is connected to

the signal line Yj. The drain electrode of the

transistor 31 is connected to the current terminal CTj

of the data driver 3. The drain electrode of the

transistor 32 is connected to the signal line Yj. The

source electrode of the transistor 32 is connected to

the controller 11 so that the switching circuit Sj

receives the reset voltage VRST- In this arrangement,

when the switching signal o from the controller 11 is

at high level, the fifth transistor 32 is turned on

while the fourth transistor 31 is turned off. On the

other hand, when the switching signal o from the
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controller 11 is at low level, the transistor 31 is

turned on while the transistor 32 is turned off. The

transistor 31 may be set to a P—channel type, and the

transistor 32 may be set to an N—channel type. In this

5 case, the switching mode of the switching circuit Sj

is changed by reversing the phase of the switching

signal ¢.

The period of the switching signal ¢ input to the

controller 11 will be described here. As shown in

10 FIG. 8, when the selection scanning driver 5 is

applying the ON voltage VON to one of the selection

scanning lines X1 to Xm, the switching signal (b input

to the controller 11 is at low level. On the other

hand, during the non-selection period TNSE when the

15 selection scanning driver 5 is applying the OFF voltage

VOFF to all the selection scanning lines X1 to Xm, the

switching signal ¢ input to the controller 11 is at

high level. That is, the switching signal (b input to

the controller 11 is a pulse signal which changes to

20 high level for each of the m non-selection periods TNSE

in one selection period TSE-

The switching circuits 51 to Sn are circuits which

switch between two operations: an operation for

supplying the gray level designation current IDATA from

25 the signal lines Y1 to Yn to the current terminals CTl

to CTn in accordance with the switching signal (fl from

the controller 11; and an operation for forcibly
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charging the signal lines Y1 to Yn to the reset voltage

VRST- When the switching signal ¢ input from the

controller 11 is at low level, i.e., during the

selection period TSE of one of the selection scanning

lines X1 to Xm, each switching circuit turns on the

transistor 31 and off the transistor 32. With this

operation, the gray level designation current IDATA

flows to the current terminals CTl to CTn through the

paths between the drain 23d and the source 235 of the

transistors 23 and the signal-lines Y1 to Yn. When the

switching signal ¢ input from the controller 11 is at'

high level, i.e., during the non—selection period TNSE

of all the selection scanning lines X1 to Xm, each

switching circuit turns off the transistor 31 and on

the transistor 32. AI this time, the gray level

designation current IDATA does not flow to the drains

23d and sources 235 of the transistors 23 and the

signal lines Y1 to Yn. Instead, the potentials of the

signal lines Y1 to Yn are forcibly set to the reset

voltage VRST-

Hence, in the selection period TSE of each row,

the gray level designation current IDATA flows from the

signal lines Y1 to Yn to the current terminals CTl to

CTn- On the other hand, in the non-selection period

TNSE betWeen the rows, the reset voltage VRST is

forcibly applied to the signal lines Y1 to Yn. The

charge amount of the parasitic capacitance of the
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signal lines Y1 to Yn becomes almost the same as the

charge amount when the small gray level designation

current IDATA flows, and the steady state is set. For

this reason, even when the current value of the gray

level designation current IDATA is very small, the

steady state can quickly be set.

In the selection period TSE of each row, the data

driver 3 generates the gray level designation current

IDAIA which should flow from the common signal supply

lines 21 to Zm to the current terminals CTl to CTn

through the transistors 23, transistors 21, signal

lines Y1 to Yn, and switching circuits 81 to Sn. The

current value of the gray level designation current

IDATA is equal to the current value of the driving

current which is supplied to the light—emitting

elements 31,1 to Em,n to cause them to emit light at a

luminance gray level corresponding to image data.

A.method of causing the data driver 3, selection

scanning driver 5, and common signal power supply 6 to

drive the organic EL display panel 2 and the display

operation of the organic EL display 1 will be described

next.

As shown in FIG. 8, on the basis of the selection

scanning driver clock signal CK2 received from the

controller 11, the selection scanning driver 5

sequentially applies the ON voltage VON to the

selection scanning line X1 of the first row to the
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selection scanning line Xm of the mth row in this order 
(the selection scanning line X1 follows the selection

scanning line Xm) during each selection period TSE to

select the selection scanning line. Accordingly, the

5 selection scanning lines X1 to Xm are scanned in this

order.

Simultaneously when the selection scanning driver

5 sequentially selects and scans the selection scanning

lines, the common signal power supply 6 outputs common

10 signals to all the common signal supply lines 21 to Zm.

The common signals output to the common signal supply

lines Zl to Zm are synchronized with each other. In

all pixel circuits Dl,1 to Dm,nr the common signal of

the voltage VLOW is input to the source electrode 225

15 of the second transistor 22 and the source electrode

235 of the third transistor 23.

In addition, during the sequential scanning by the

selection scanning driver, the data driver 3 receives

and latches the 8—bit red digital gray level image

20 signal SR, green digital gray level image signal SG,

and blue digital gray level image signal SE from an

external circuit on the basis of the data driver clock

signal CKl input from the controller 11. When the

selection signal VON that selects the selection

25 scanning line Xi is output, the switching signal ¢ is

synchronously input to the switching circuit 7. The

switching signal ¢ turns on the transistor 31 and off
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the transistor 32. The gray level designation currents

IDATA having current values based on the gray level of

the latched signals flow to the current terminals CTl

to CTn of the data driver 3 through the common signal

supply line Zi, the paths between the drains 23d and

the sources 235 of the transistors 23 of the pixels

Pi,l to Pi,nl the paths between the drains 21d and the

sources 215 of the transistors 21 of the pixels Pi,l to

Pi,n/ and the signal lines Y1 to Yn.

When the selection signal of ON level VON is being

output to the given selection scanning line Xi} a

selection signal of off level is output to the

remaining selection scanning lines X1 to Xm (except

Xi)- This period is the selection period TSE of the

ith row. Hence, for the pixel circuits Di,l to Di,n of

the ith row, the first transistor 21 and second

transistor 22 are ON. For the pixel circuits Dl,1 to

Dm,n (except the pixel circuits Di,l to Di,n) of the

remaining rows, the first transistor 21 and second

transistor 22 are OFF.

That is, when the voltage VON is applied to the

selection scanning line Xi during the selection period

TSE of the ith row, the first transistors 21 and second

transistors 22 in the pixel circuits Di,l to Di,n are

turned on. At this time, the voltage VLOW from the

common signal supply lines Z1 to Zm is supplied to the

drain electrodes 23d of the third transistors 23 and
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the drain electrodes 22d of the second transistors 22

of all the pixel circuits D111 to Dm,n- Simultane-

ously, the data driver 3 is going to supply the gray

level designation current IDATA to the current

terminals CTl to CTn in accordance with the latch

signal L. At this time, the switching signal ¢ is

input from the controller 11 to the switching circuit 7

to turn on the transistors 31 and off the transistors

32. Hence, the current terminals CTl to CTn are

electrically connected to the common signal supply line

Zi- The voltage VLOW of the common signal supply line

Z1 is set to be higher than the potentials of the

~current terminals CTl to CTn. For this reasonk a

voltage that supplies the gray level designation

current IDATA to the path between the source and the

drain of the third transistor 23 is applied between the

gate 23g and the source 235 and between the source 235

and the drain 23d of the third transistor 23.

The current value of the gray level designation

current IDATA is based on the red digital gray level

image signal SR, green digital gray level image signal

Sg, and blue digital gray level image signal 5B input

to the data driver 3. During the selection period TSEI

the data driver 3 stores charges in the capacitor 24

between the gate 23g and the source 235 of the

transistor 23 of each of the pixel Pi,l to Pi,n~ With

this operation, the current value of the gray level
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designation current IDATA that flows to the current

terminals CTl to CTn of the data driver 3 through the

common signal supply line Zi, the paths between the

drains 23d and the sources 235 of the transistors 23 0f-

the pixels Pi,l to Pi,nI the paths between the drains

21d and the sources 215 of the transistors 21 of the

pixels Pi,l to Pi,nr and the signal lines Y1 to Yn is

set in the stead state. That is, the gray level

designation current IDATA having a predetermined

current value is supplied to the paths between the

drains 23d and the sources 235 of the transistors 23 of

the pixels Pi,l to Pi,n- After that, the capacitor 24

can hold the charges at least during one scanning

period TSC or more. In other words, the transistor 23

is going to supply a driving current having a current

value equal to the gray level designation current IDATA

at least for a time corresponding to one scanning

period TSC or more by the charges in the Capacitor 24.

That is, the capacitor 24 serves as a storage means for

storing the current value of the gray level designation

current IDATA that flows during the selection period

TSE and flowing a driving current having a current

value equal to the gray level designation current IDATA

to the light—emitting elements Ei,l to Ei,n during the

non—selection period TNSE-

Hence, during the selection period TSE of the ith

row, the first transistors 21 and second transistors 22
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of the pixel circuits Di,1 to Di,n of the ith row are

turned on. Accordingly, the gray level designation

current IDATA supplied from the signal lines Y1 to Yn

to the data driver 3 is stored in the capacitor 24 of

each of the pixel circuits Di,l to Di,n of the ith row.

In each of the pixel circuits D1,1 to Dm,n (except the

pixel circuits Di,l to Di,n) of the remaining rows, the

first transistor 21 and second transistor 22 are OFF.

Hence, the gray level designation current IDATA is not

stored in the capacitors 24 of the renaining rows.

That is, the third transistors 23 of the remaining rows

cannot flow the gray level designation current IDATA-

As described above, during the selection period TSE of

the ith row, charges between the gate and the source of

the third transistor 23 are received by each of the

pixel circuits Di,l to Di,n in correspondence with the

gray level designation current IDATA: Accordingly, the

charges between the gate and the source of the third

transistor 23, which have been stored so far, are

refreshed. During the plurality of non—selection

periods TNSE after the selection period TSE of the ith

row, the pixel circuits Di,1 to Di,n supply driving
currents (the driving currents have the same level as

that of the gray level designation current IDATA)

corresponding to the charges stored between the gates

and the sources of the third transistors 23 to the

light-emitting elements Ei,l to Ei,nl thereby causing
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them.to emit light.

As described above, the selection scanning driver

5 line—sequentially shifts the selection signal from

the first row to the mth row. Accordingly, the gray

5 level designation current IDATA flows sequentially to

the pixel circuits Dl,l to Dl,n of the first row to

the pixel circuits Dm,l to Dm,n of the mth row in

accordance with the red digital gray level image signal

SR, green digital gray level image signal SG, and blue

10 digital gray level image signal 5B input to the data

driver 3. With this operation, the charges stored

between the gate and the source of each third

‘transistor 23 are refreshed. When such line—sequential

scanning is repeated, an image is displayed on the

15 display section 4 of the organic EL display panel 2.

The operation of causing the pixel circuits Di,l

to Di,n to receive the gray level designation current

IDATA during the selection period TSE of the ith row

and the operation of causing the light—emitting

20 elements Ei,l to Ei,n to emit light on the basis of the

received gray level designation current IDATA will be

described here in detail.

During the selection period TSE of the ith row, a

selection signal of the ON voltage VON is output from

25 the selection scanning driver 5 to the selection

scanning line Xi of the ith row in accordance with the

control signal group GCNT including the clOck signal
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CK2 from the controller 11. Then, the first

transistors 21 and second transistors 22 of all the

pixel circuits Di,l to Di,n connected to the selection

scanning line Xi are set in the ON state during the

selection period TSE- At the start of the selection

period TSE of the ith row, the common signal changes to

the voltage VLOW- During the selection period TSE of

ithe ith row, the voltage VLOW is applied to all the

common signal supply lines 21 to Zm. Since the second

transistor 22 is ON, a voltage is applied even to the

gate electrode 23g of the third transistor 23. Hence,

the third transistor 23 is turned on.

FUrthermore, when a given column of the

light—emitting elements Ei,l to Ei,n of the selected

row is to be caused to emit light during the

non-selection period TNSE (to be described later), the

data driver 3 controls the potential of one of the

current terminals CTl to CTn, which corresponds to the

column to be caused to emit light, to be lower than the

voltage VLOW- Accordingly, in the column of the pixel

circuit Di,jr which should emit light, the gray level

designation current IDATA flows from the common signal

supply line Zi to the data driver 3. When a given

column of the light—emitting elements Ei,l to Ei,n of

the selected ith row is to be inhibited from emitting

light during the non-selection period TNSE (to be

described later), the data driver 3 controls the
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potential of one of the current terminals CTl to CTn,

which corresponds to the column that should be

inhibited from emitting light, to be equal to the

voltage VLOW~ Accordingly, in the column of the pixel

5 circuit Di,jr which should emit light, the gray level

signal supply line Zi to the data driver 3. During the

selection period TSE of the ith row, the data driver 3

controls the potentials of the current terminals CTl to

10 CTn to supply the gray level designation current IDATA
to the data driver 3 to the signal lines Y1 to Yn (the

gray level designation current IDATA does not flow for

a column which should be inhibited from emitting

light). In each of the pixel circuits Di,1 to Di,n of

15 the ith row, the first transistor 21 and second

transistor 22 are turned on. Hence, the gray level

designation current IDATA flows through a path of

common signal supply line Zi -+ paths between the

drains 23d and the sources 235 of the transistors 23 of

20 the pixels Pi,1 to Pi,n —9 paths between the drains 21d

and the sources 215 of the transistors 21 of the pixels

Pi,1 to }.=‘j_,n--> signal lines Y1 to Yn -+ transistors 31
of the switching circuits 51 to Sn -+ current terminals

CTl to CTn of the data driver 3.

'25 As described above, charges corresponding to the

current value of the gray level designation current

IDATA are received by the pixel circuits Di,1 to Di,n-
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At this time, in all of the first to nth columns, the

current value of the driving current flowing to the

light-emitting elements Ei,l to Ei,n is equal to the

current value of the gray level designation current

IDATA- The current value is designated by the data

driver 3. Hence, the current value of the gray level

designation current IDATA which is continuously held

during the non—selection period TNSE is constant.

That is, during the selection period TSEr the gray

level designation current IDAIA_flows to the third

transistor 23. The voltage across the common signal

supply line Zi, third transistors_23, first transistors

21, signal lines Y1 to Yn, switching circuits 81 to Sn,

and data driver 3 is set in the steady state.

Accordingly, a voltage at a level corresponding to the

level of the gray level designation current IDATA that

flows to the third transistor 23 is applied between

the gate electrode 23g and the source electrode 235 of

the third transistor 23. Charges with a magnitude

corresponding to the level of the voltage between the

gate electrode 23g and the source electrode 235 of the

third transistor 23 are stored in the capacitor 24.

During the selection period TSE of the ith row, in each

of the pixel circuits Di,1 to Di,n of the ith row, the
first transistor 21 and second transistor 22 function

to supply the gray level designation current IDATA

flowing to the signal line Yj to the third transistor

BNSDmlD: <WO_20040I 831 4A1_|->

|PR2020—01275

Apple EX1002 Page 703



IPR2020-01275 
Apple EX1002 Page 704

W0 20041019314 . . PCT/JP2003/0106-H

48

23. The third transistor 23 functions to convert the

current value of the gray level designation current

IDATA into the value of the voltage between the gate

and the source.

5 ‘ As described above, during the selection period

 
TSE of the ith row, the magnitude of the Charges stored

in the capacitors 24 of the pixel circuits Di,l to Di,n

of the ith row is refreshed from the preceding scanning

period TSC- At the same time, the drain—source current

10 level and the source—drain voltage level of the third

transistors 23 of the pixel circuits Di,l to Di,n of

the ith row are also refreshed from the preceding

scanning period TSC'

The potential at an arbitrary point on the path of

15 the third transistor 23, first transistor 21, and

signal line Yj changes depending on the internal

resistance of the transistors 21, 22, and 23, which

changes over time. However, in this embodiment, the

current value of the gray level designation current

20 IDATA that flows through the path of third transistor

23 -+ first transistor 21 -9 signal line Yj is forcibly

supplied by the data driver 3. Hence, eVen when the

internal resistance of the transistors 21, 22, and 23

changes over time, the gray level designation current

25 IDATA that flows through the path of third transistor

23 -+ first transistor 21 —+ signal line Yj has a

desired level.
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During the selection period TSE of the ith row,

the common signal supply line 21 is set to the voltage

VLOW that is equal to or lower than the reference

voltage Vss. In addition, a zero bias or reverse bias

is applied across the anodes and the cathodes of the

light—emitting elements Ei,l to Ei,n of the ith row.

Hence, no current flows to the light—emitting elements

Ei,l to Ei,nr and they does not emit light.

At the end time of the selection period TSE of the

ith row (at the start time of the non-selection period

I TNSE of the ith row), the selection signal output from-

the selection scanning driver 5 to the selection

scanning line Xi changes from the high—level potential

VON to the low—level potential VOFF- The selection

scanning driver 5 applies the OFF voltage VOFF to the

gate electrodes 21g of the first transistors 21 and the

gate electrodes 22g of the second transistors 22 of the

pixel circuits Di,l to Di,n of the ith row.

Hence, during the non—selection period TNSE of the

ith row, the first transistors 21 of the pixel circuits

Di,1 to Di,n of the ith row are turned off. The gray

level designation current IDATA that flows from the

common signal supply line Zi to the corresponding

signal lines Y1 to Yn is cut off. In addition, during

the non—selection period TNSE of the ith row, in all

the pixel circuits Di,1 to Di,n of the ith row, even

when the transistor 22 is turned off, Charges stored in

BNSDOCID; <wo 20040193144143
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the capacitor 24 during the immediately preceding

selection period TSE of the ith row are confined by the

second transistor 22. For this reason, in all the

pixel circuits Di,l to Di,n of the ith row, the third

transistor 23 is kept ON during the non—selection

period TNSEo That is, in all the pixel circuits Di,l

to Di,n of the ith row, the second transistor 22 holds

the gate—source voltage level VGS of the third

'transistor 23 such that the gate—source voltage level

VGS of the third transistor 23 during the non-selection

period TNSE becomes equal to the gate—source voltage

level VGS of the third transistor 23 during the

selection period TSE-

During the non—selection period TNSEI the common

signal output from the common signal power supply 6 to

the common signal supply line Zi rises to the voltage

VHIGH- During the non—selection period TNSEI the

cathodes of the light—emitting elements Ei,l to Ei,n of

the ith row are at the reference voltage VSS- The

common signal supply line 21 is at the voltage VHIGH

higher than the reference voltage V55. In addition,

charges corresponding to the gray level designation

current IDATA flowing during the selection period TSE

are stored between the gate 23g and the source 235 of

the third transistor 23 connected in series. In this

case, a forward bias voltage correSponding to the gray

level designation current IDAIA is applied to the
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