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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to a light emitting
device using a light emitting element which has a layer
containing an organic compound between a pair of elec-
trodes and which can give fluorescence or luminescence
by receiving an electric field. The light emitting device
referred to in the present specification is an image display
device, a light emitting device or a light source. Addition-
ally, the following are included in examples of the light
emitting device: a module wherein a connector, for ex-
ample, a flexible printed circuit (FPC) or a tape automated
bonding (TAB) tape, or a tape carrier package (TCP)) is
set up onto a light emitting element; a module wherein a
printed wiring board is set to the tip of a TAB tape or a
TCP; and a module wherein integrated circuits (IC) are
directly mounted on a light emitting element in a chip on
glass (COG) manner.

RELATED ART

[0002] A light emitting element is an element which
emits light by receiving an electric field. It is said that the
luminescence mechanism thereof is based on the follow-
ing: by applying a voltage to a layer comprising at least
one organic compound sandwiched between electrodes,
electrons injected from the cathode and holes injected
from the anode are recombined in the layer comprising
at least one organic compound to form molecules in an
exciting state (hereinafter referred to as "molecular ex-
citon"); and energy is radiated when the molecular exci-
ton moves back toward the ground state thereof.
[0003] The kind of the molecular exciton which is made
from the organic compound may be a singlet exciton state
or a triplet exciton state. In the present specification, lu-
minescence (that is, light emission) may be based on the
contribution of any one of the two.
[0004] In such a light emitting element, its layer com-
prising at least one organic compound is usually made
of a thin film having a thickness below 1, mm. The light
emitting element is a spontaneous light type element,
wherein the layer comprising at least one organic com-
pound itself emits light. Therefore, backlight, which is
used in conventional liquid crystal displays, is unneces-
sary. As a result, the light emitting element has a great
advantage that it can be produced into a thin and light
form.
[0005] The time from the injection of carriers to the re-
combination thereof in the layer comprising at least one
organic compound having a thickness of about 100 to
200 nm is about several tens nanoseconds in light of
carrier mobility in the layer comprising at least one or-
ganic compound. A time up to luminescence, which in-
cludes the step from the recombination of the carrier iu

luminescence, is a time in order of microseconds or less.
Therefore, the light emitting element also has an advan-
tage that the response thereof is very rapid.
[0006] The light emitting element draw attention as
next generation flat panel display element due to the
characteristics of thin and light weight, high responsibility,
and direct low voltage driving. Visibility of the light emit-
ting element is comparatively good because the light
emitting element is a self-emission type and wide viewing
angle. Thus, the light emitting elements is considered as
an effective element for using a display screen of a port-
able apparatus.
[0007] In light emitting devices formed by arranging
such light emitting elements in a matrix form, driving
methods called passive matrix driving (simple matrix
type) and active matrix driving (active matrix type) can
be used. However, in the case in which the density of
pixels increases, it is considered that the active matrix
type wherein a switch is fitted to each pixel (or each dot)
is more profitable since lower voltage driving can be at-
tained.
[0008] Moreover, as an active-matrix type light emitting
device shown in Fig. 17, it has the light emitting element
1707 in which TFT 1705 on a substrate 1701 and the
anode 1702 are electrically connected, a layer compris-
ing at least one organic compound 1703 is formed on an
anode 1702, and a cathode 1704 is formed on the layer
comprising at least one organic compound 1703. In ad-
dition, as anode materials in the light emitting element
1707, in order to make hole injection smooth, conductive
materials of a large work function is used, and conductive
materials that are transparent to the light, such as ITO
(indium tin oxide) and IZO (indium zinc oxide), are used
as a material which fulfills the practical characteristic. The
light generated at the organic light emitting layer 1703 of
the light emitting element 1707 radiates toward the TFT
1705 through the anode 1702 is a favored structure (here-
inafter referred to as a bottom emission) of the light emis-
sion.
[0009] However, in the bottom emission structure,
even if resolution is tried to be raised, TFT and wiring
may be interfered due to their arrangement. Thus, a prob-
lem of a restriction of an aperture ratio is occurred.
[0010] In recent years, the structure that the light radi-
ates upward from the cathode side (hereinafter referred
to as a top emission) is devised. Concerning to the top
emission light emitting device is disclosed in unexamined
patent publication No. 2001-43980. In the case of the top
emission type, the aperture ratio can be enlarged than
that in the bottom emission type, so that the light emitting
element which can obtain higher resolution can be
formed.
[0011] However, in the case of the top emission light
emitting device, if anode materials that is transparent to
the light is used as conventionally, light is emitted from
not only the cathode side but also the anode side, thereby
the light emitting efficiency is lowered.
[0012] If the film having light blocking effect against the
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light emitted from the anode side is formed, one more
manufacturing step must be added.
[0013] Further, if the anode is formed by using metal
materials having a light blocking effect, additional man-
ufacturing steps are unnecessary. However, these ma-
terials have smaller work function and spend higher ma-
terial cost than ITO which is used conventionally. In case
of using metal materials for the anode, an adhesion of
the anode and the organic compound film is deteriorated
in comparison with ITO.
[0014] V. Adamovich et al.: "Tin as an Anode Material
for Organic Light-Emitting Diodes", (Advanced Materials,
Wiley VCH, Weinheim, DE, ISSN 0935-9648, vol. 11, no.
9, July 5, 1999, pages 727-730) mentions that the choice
of anode material for OLEDs is based on several criteria.
It has been found that the ITO electrode can be treated
to reduce the energy barrier. For example, devices with
lower drive voltage and higher brightness have been pre-
pared by treating the ITO surface with an oxygen plasma.
The device stability and efficiency strongly depend on
the nature of the anode/organic interface. By introducing
an ultra-thin interlayer of different organic materials at
the interface, the efficiency of the devices could be im-
proved. This paper concerns work in looking for ITO re-
placements. A promising candidate is titanium nitride
(TiN). The TiN films had silver-blue color in reflected light
and from light brown to greenish colors in transmitted
light (transmittance 80 - 50 % for films of 50 to 200 Å).
Small molecule based OLEDs were prepared on TiN sub-
strates of varying TiN thickness. The organic materials
were deposited as uniform sheets, while the Mg/Ag cath-
odes were deposited as 1 mm diameter dots.
[0015] Document WO 00/69625 mentions that there
are provided light emitting devices that use conductive
nitrides as anode material. The conductive nitride anodes
can be transparent or opaque depending on the thick-
ness of the anode film/layer. In addition, these conductive
nitride anodes can be used with transparent cathodes.
Small molecule based OLEDs were prepared on glass
substrates having varying TiN thickness layers. The or-
ganic materials were deposited as uniform sheets, while
the Mg/Ag cathodes were deposited as 1 mm diameter
dots.
[0016] JP 2001 043980 mentions that, as a feature,
the anode contains matter belonging to Group 5 or Group
6 of the periodic table in a portion which touches the
organic layer. The anode is reflecting light and the neg-
ative pole is light-transmitting. In a manufacturing meth-
od, chromium was used as the anode which consists of
metal. As material of the anode, tungsten, besides chro-
mium, may be used. The organic layer and the metal
layer of the negative pole are formed by vacuum evap-
oration. The alloy (Mg:Ag) of Magnesium and Silver was
used for the metal layer of the negative pole.
[0017] The document: C.C. Wu et al.: "Surface modi-
fication of indium tin oxide by plasma treatment: An ef-
fective method to improve the efficiency, brightness and
reliability of organic light emitting devices", 62AB262TY

3; Organic light emitting devices, Applied physics letters,
AIP, American Institute of Physics; Melville, NY, US, vol.
70, no. 11, 17 March 1997, pages 1348 - 1350, teaches
that ITO has been widely used as the anode contact for
organic light emitting devices. As-grown ITO contacts
have been found to be less efficient for hole-injection
than low work function metal cathodes for electron injec-
tion resulting in hole-limited devices. Various ITO treat-
ments considerably affect the turn-on voltage of the bi-
polar current, the leakage current and the quantum effi-
ciency of light emission

SUMMARY OF THE INVENTION

[0018] The invention provides a method of manufac-
turing a light emitting device according to claim 1.
[0019] The present invention, in the manufacturing
step of the light emitting element of the top emission, is
to provide means of improving a light emitting efficiency
of the light emitting element without deterioration of char-
acteristics of anode materials that is used conventionally.
[0020] The present invention is characterized in that a
conductive film having large work function and a light-
shielding ability is used as the material of an anode of a
light emitting element.
[0021] In this specification, a film having a light-shield-
ing ability means that the film allows visible light to trans-
mit at a transmittance of less than 10%. By using a light-
shielding conductive film as an anode material, an anode
of a light emitting element can be formed at the same
time a wire for electrically connecting the anode to a thin
film transistor (hereinafter referred to as TFT) for driving
the light emitting element is formed in manufacturing an
active matrix light emitting device. Accordingly, the
present invention is characterized by omitting the proc-
ess of forming a light-shielding film and the like, which is
necessary when a transparent conductive film is used in
prior art. A conductive film in this specification refers to
a film having a resistivity of 1 x 10-2 Ωcm or less.
[0022] The anode material used in the present inven-
tion has a work function equal to or larger than the work
function of ITO or IZO, which are used as an anode ma-
terial in prior art. By using this material for an anode,
injection of holes from the anode can be improved ever
more. Also, with regard to conductivity, this anode ma-
terial is smaller in resistivity than ITO. It therefore can
fulfil the function as the wire described above and can
lower the drive voltage in the light emitting element com-
pared to prior art.
[0023] Furthermore, the anode material used in the
present invention is superior in adherence when laminat-
ed to a layer comprising at least one organic compound
to an anode formed from a light-shielding conductive met-
al film. This is supposedly because the anode material
of the present invention is a compound such as nitride
or carbide containing a metal (hereinafter referred to as
metal compound) and nitrogen or carbon contained in
the metal compound locally forms covalent bonds with
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carbon, oxygen, hydrogen, or nitrogen contained in the
organic compound. This leads to a conclusion that, in
manufacture of a light emitting element, forming a layer
comprising at least one organic compound on an anode
that is composed of a metal compound is superior in
terms of film formation to forming a layer comprising at
least one organic compound on an anode that is formed
from a metal film.
[0024] A structure manufactured according to the
present invention is a light emitting device having an an-
ode, a cathode, and a layer comprising at least one or-
ganic compound, characterized in that the layer compris-
ing at least one organic compound is interposed between
the anode and the cathode and that the anode contains
as a metal compound an element belonging to Group 4,
5, or 6 in the periodic table.
[0025] Another structure manufactured according to
the present invention is a light emitting device having an
anode, a cathode, and a layer comprising at least one
organic compound, characterized in that the layer com-
prising at least one organic compound is interposed be-
tween the anode and the cathode and that the anode
contains as a metal compound nitride or carbide of an
element belonging to Group 4, 5, or 6 in the periodic table.
[0026] In the above structures, the present invention
is characterized in that an anode is formed of a material
having a resistivity of 1 x 10-2 Ωcm or less.
[0027] In the above structures, the present invention
is characterized in that an anode is formed of a material
having a work function of 4.7 eV or more.
[0028] In the above structures, the present invention
is characterized in that an anode is formed of one select-
ed from the group consisting of titanium nitride, zirconium
nitride, titanium carbide, zirconium carbide, tantalum ni-
tride, tantalum carbide, molybdenum nitride, and molyb-
denum carbide.
[0029] In addition to the above structures, the present
invention is characterized in that the anode has a visible
light transmittance of less than 10% when the anode
formed of a metal compound has a light-shielding ability,
and that the cathode is formed from a light-transmissive
conductive film and has a visible light transmittance of
40% or more in this case. In order to secure a transmit-
tance of 40% or more for the cathode, a conductive film
highly transmissive of light is used and the conductive
film for forming the cathode is made thin to a degree that
enables the film to obtain a conductivity high enough to
drive the light emitting element. The present invention is
also characterized in that the conductive film for forming
the cathode is formed of a material having a resistivity of
1 x 10-2 Ωhm or less.
[0030] In the present invention, an anode of a light emit-
ting element is formed of nitride or carbide of an element
that belongs to Group 4, 5, or 6 in the periodic table.
These metal compounds have a work function of 4.7 eV
or more. The work function of these metal compounds is
improved even more by ultraviolet ray irradiation treat-
ment in an ozone atmosphere (hereinafter referred to as

UV ozone treatment). For example, titanium nitride (TiN)
has a work function of 4.7 eV, which can be improved by
the UV ozone treatment to 5.0 eV or more. Tantalum
nitride (TaN) can similarly improve its work function by
the UV treatment. Conventional light-shielding anode
materials are metals belonging to Group 5 or 6 in the
periodic table and these metals each have a work func-
tion of less than 4.7 eV. The anode material of the present
invention is formed of a metal compound arid is superior
to them in terms of injection of holes. Therefore the anode
of the present invention can improve element character-
istics of a light emitting element.
[0031] In an example of manufacturing a light emitting
device, an anode is formed of a metal compound film and
then the anode surface may be subjected to UV ozone
treatment to form a layer comprising at least one organic
compound on the anode.
[0032] A structure of the present invention is a method
of manufacturing a light emitting device, including: form-
ing an anode on an insulating surface; subjecting the
anode surface to UV ozone treatment; forming a layer
comprising at least one organic compound on the anode;
and forming a cathode on the layer comprising at least
one organic compound, the method characterized in that
a light-shielding metal compound is used for the anode.
The light-shielding metal compound specifically refers to
nitride or carbide of an element that belongs to Group 4,
5, or 6 in the periodic table.
[0033] The metal compound used in the present inven-
tion has a resistivity of 1 x 10-4 Ωcm or more and less
than 1 x 10-2 Ωcm in contrast to a normal metal film of
single component which has a resistivity of less than 1 x
10-4 Ωcm. However, the metal compound has a conduc-
tivity sufficient to form an anode of a light emitting element
since ITO that is a conventional anode material has a
resistivity of 1 x 10-2 Ωcm or more.
[0034] A light emitting device manufactured according
to the present invention can be both an active matrix light
emitting device having a light emitting element that is
electrically connected to a TFT and a passive matrix light
emitting device.
[0035] Light emission obtained from a light emitting de-
vice manufactured according to the present invention is
either light emission from singlet excitation or light emis-
sion from triplet excitation, or both.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] In the accompanying drawings:

Figs. 1A and 1B are diagrams illustrating the element
structure of a light emitting device manufactured ac-
cording to the present invention;
Figs. 2A to 2D are diagrams illustrating a process of
manufacturing a light emitting device;
Figs. 3A to 3C are diagrams illustrating a process of
manufacturing a light emitting device;
Fig. 4 is a diagram illustrating the element structure
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of a low-molecular type light emitting device manu-
factured according to the present invention;
Fig. 5 is a diagram illustrating the element structure
of a high-molecular type light emitting device;
Figs. 6A to 6C are diagrams illustrating a process of
manufacturing a light emitting device;
Figs. 7A to 7C are diagrams illustrating a process of
manufacturing a light emitting device;
Figs. 8A and 8B are diagrams illustrating a process
of manufacturing a light emitting device;
Figs. 9A and 9B are diagrams illustrating a process
of manufacturing a light
emitting device;
Figs. 10A to 10D are diagrams illustrating element
structures in a light emitting device;
Figs. 11A and 11B are top views of a pixel portion
of a light emitting device;
Figs. 12A and 12B are diagrams illustrating the ele-
ment structure in a light emitting device;
Figs. 13A and 13B are diagrams illustrating the struc-
ture of a reverse stagger TFT;
Fig. 14 is a diagram illustrating a passive matrix light
emitting device;
Fig. 15 is a graph showing results of measuring the
work function value through
UV ozone treatment;
Figs. 16A to 16H are diagrams showing examples
of electric appliances;
Fig. 17 is a diagram showing an example of prior art;
Figs. 18A and 18B are graphs showing results of
measuring element characteristics of a light emitting
element of the present invention; and
Figs. 19A and 19B are graphs showing results of
measuring element characteristics of a light emitting
element of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[Embodiment Mode]

[0037] An embodiment mode of the present invention
will be described with reference to Figs. 1A and 1B. A
light emitting device manufactured according to the
present invention has a light emitting element with an
element structure shown in Fig. 1A.
[0038] As shown in Fig. 1A, an anode 102 is formed
on a substrate 101. A layer comprising at least one or-
ganic compound 103 is in contact with the anode 102,
and a cathode 104 is in contact with the layer comprising
at least one organic compound 103. Holes are injected
from the anode 102 to the layer comprising at least one
organic compound 103, and electrons are injected from
the cathode 104 to the layer comprising at least one or-
ganic compound 103. The holes and the electrons are
re-combined in the layer comprising at least one organic
compound 103, so that the layer 103 emits light.
[0039] The layer comprising at least one organic com-

pound 103 has, in addition to a light emitting layer, one
or plural layers selected from layers that have different
functions for carriers, such as a hole injection layer, a
hole transporting layer, a blocking layer, an electron
transporting layer, and an electron injection layer. These
layers are laid on top of one another to form the layer
comprising at least one organic compound 103.
[0040] In the layer comprising the organic compound
103, inorganic materials may be used in the hole injection
layer, the hole transporting layer, the electron transport-
ing layer, and the electron injection layer. For example,
the inorganic materials can be a diamond like carbon
(DLC), Si, Ge, or oxides or nitrides combined with these
elements. Elements such as P, B, N, may be appropri-
ately doped with the inorganic materials. Further, the in-
organic materials can be oxides, nitrides, and fluorides
that is combined with the alkaline metal or the alkaline
earth metal, or compounds or alloys that are composed
of these metals combined at least with Zn, Sn, V, Ru,
Sm, and In.
[0041] Above-mentioned materials are one example,
the illuminant may be formed by appropriately laminating
the following functioning layers; the hole injection trans-
porting layer, the hole transporting layer, the electron in-
jection transporting layer, the electron transporting layer,
the light emitting layer, the electronic block layer, and the
hole block layer that are formed by the inorganic mate-
rials. In addition, the mixed layer or the mixed junction
that are a combination of these layers may be formed.
[0042] The anode 102 is formed of a light-shielding
metal compound. The cathode 104 is formed from a light-
transmissive conductive film and has a transmittance of
40% or more. Therefore, light emitted from the layer com-
prising at least one organic compound 103 is transmitted
through the cathode 104 and exits to the outside.
[0043] In this embodiment mode, a metal compound
refers to nitride or carbide of a metal element that belongs
to Group 4, 5, or 6 in the periodic table. Preferably, the
metal compound is selected from the group consisting
of titanium nitride, zirconium nitride, titanium carbide, zir-
conium carbide, tantalum nitride, tantalum carbide, mo-
lybdenum nitride, and molybdenum carbide.
[0044] The metal compound has a work function of 4.7
eV or more. For example, the work function of titanium
nitride (TiN) is 4.7 eV. The work function of the metal
compound is improved even more by ultraviolet ray irra-
diation treatment in an ozone atmosphere (UV ozone
treatment) or by plasma treatment. Fig. 15 shows results
of measuring changes in work function in relation to UV
ozone treatment time. The work function here is meas-
ured in the air by photoelectron spectroscopy using "Pho-
toelectron Spectroscope AC-2", a product of RIKEN
KEIKI CO., LTD. Fig. 15 shows that the work function of
titanium nitride is increased from 4.7 eV to 5.05 eV by 6
minutes of UV ozone treatment. A similar increase in work
function is observed in tantalum nitride.
[0045] In contrast to this, tungsten (W), a metal of sin-
gle component, shows almost no change in work function
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even through UV ozone treatment. The results indicate
that UV ozone treatment has no effect of increasing work
function of a metal of single component but increases
the work function of the metal compound of the present
invention alone.
[0046] Fig. 1B shows an active matrix light emitting de-
vice in which a TFT 105 formed on a substrate 101 and
a light emitting element 106 are electrically connected to
each other.
[0047] When manufacturing the active matrix light
emitting device having a light emitting element illustrated
in Fig. 1A, a wire 107 is formed to input an electric signal
to one of source and drain of the TFT 105 and to output
the signal from the other.
[0048] In this embodiment mode, the anode 102 can
double as a wire. Similar to the one shown in Fig. 1A, a
layer comprising at least one organic compound 103 and
a cathode 104 are layered on the anode to complete the
light emitting element 106.
[0049] Now, a description will be given with reference
to Figs. 2A to 3C on a method of manufacturing an active
matrix light emitting device.
[0050] In Fig. 2A, a TFT 202 is formed on a substrate
201. The substrate 201 has light transmissivity of and a
glass substrate is employed for 201. A quartz substrate
may be employed instead. The TFT 202 is formed by a
known method, and the TFT 202 has at least a gate elec-
trode 203, a source region 205, a drain region 206, and
a channel forming region 207. A gate insulating film 204
is interposed between the gate electrode 203 and the
regions 205, 206, and 207. The channel forming region
207 is formed between the source region 205 and the
drain region 206.
[0051] As shown in Fig. 2B, an interlayer insulating film
208 with a thickness of 1 to 2 mm covers the TFT 202.
Openings are formed in the interlayer insulating film 208
and then a film of a light-shielding metal compound (here-
inafter referred to as metal compound film 209) is formed
on the interlayer insulating film 208 by sputtering (Fig.
2C). The material of the interlayer insulating film is an
insulating film containing silicon, such as a silicon oxide
film, a silicon nitride film, or a silicon oxynitride film. The
interlayer insulating film may be an organic resin film such
as a polyimide film, a polyamide film, an acrylic film (in-
cluding a photosensitive acrylic film), or a BCB (benzo-
cyclobutene) film.
[0052] For the formation of the metal compound film
209, there can be used nitride or carbide of a metal ele-
ment that belongs to Group 4, 5, or 6 in the periodic table.
Preferably, the metal compound film is formed using ti-
tanium nitride, zirconium nitride, titanium carbide, zirco-
nium carbide, tantalum nitride, tantalum carbide, molyb-
denum nitride, or molybdenum carbide.
[0053] Next, as shown in Fig. 2D, the metal compound
film 209 is patterned to form a wire 211 that is electrically
connected to the TFT 202. At the same time, an anode
210 that doubles as a wire is formed in the present in-
vention. The wire and the anode thus can be formed si-

multaneously, eliminating a manufacture step for forming
an anode.
[0054] Either of dry etching and wet etching can be
employed for the patterning. Next, insulating layers 212
are formed to cover gaps between the anodes as shown
in Fig. 3A. The material used to form the interlayer insu-
lating film 208 can be employed for the insulating layers.
Preferably, the insulating layers are each 1 to 2mm in
thickness.
[0055] Next, a layer comprising at least one organic
compound 213 is formed on the anode 210 (Fig. 3B).
The material of the layer comprising at least one organic
compound 213 can be a known low-, high-, or interme-
diate-molecular based organic compound. An interme-
diate-based organic material can be defined that an ag-
gregate of an organic compound which does not have
subliming property or dissolving property (preferably, an
aggregate which has molecularity of 10 or less), or an
organic compound which has a molecular chain length
of 5 mm of less (preferably 50 nm or less).
[0056] A cathode 214 is formed on the layer comprising
at least one organic compound 213 to complete a light
emitting element 215. In this embodiment mode, light
generated in the layer comprising at least one organic
compound 213 is emitted from the cathode 214 side and
therefore the cathode 214 preferably has a visible light
transmittance of 40% or more (Fig. 3C).
[0057] A preferred material of the cathode 214 is one
that has a small work function for improving injection of
electrons from the cathode 214. For example, an alkali
metal or alkaline earth metal is used alone or is combined
with other materials to form a laminate or to form an alloy.
[0058] A top gate TFT is used as an example in the
description here. However, there is no particular limita-
tion and the present invention is also applicable to a bot-
tom gate TFT, a forward stagger TFT, or other TFT struc-
tures.
[0059] With this structure, light emitted by recombina-
tion of carriers in the layer comprising at least one organic
compound 213 can exit from the cathode 214 side effi-
ciently without allowing the light to escape from the anode
210 side.
[0060] More detalied descriptions are given on the
present invention structured as above using the following
embodiments.
[0061] Embodiments of the present invention will be
described below.

[Embodiment 1]

[0062] This embodiment gives a detailed description
on the element structure of a light emitting element in a
light emitting device manufactured according to the
present invention with reference to Fig. 4. Specifically,
the element structure in which a low-molecular based
compound is used for a layer comprising at least one
organic compound will be described.
[0063] As described in Embodiment Mode, an anode
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401 is formed from a light-shielding metal compound film.
The anode 401 in this embodiment is an electrode elec-
trically connected to a TFT 202 as in Fig. 3C, and is
formed of TiN by sputtering to a thickness of 110 nm.
Sputtering used here can be diode sputtering, ion beam
sputtering, opposite target sputtering.
[0064] A layer comprising at least one organic com-
pound 402 is formed on the anode 401. First, a hole in-
jection layer 403 having a function of improving injection
of holes from the anode is formed. The hole injection
layer 403 in this embodiment is a copper phthalocyanine
(Cu-Pc) film with a thickness of 30 nm. Evaporation is
used here to form the film.
[0065] Next, a hole transporting layer 404 is formed
from a material having excellent hole transporting ability.
Here, the layer 404 is formed of 4, 4’-bis[N-(1-naph-
thyl)-N-phenyl-amino]-biphenyl (hereinafter referred to
as α-NPD) by evaporation to a thickness of 40 nm.
[0066] A light-emitting layer 405 is formed next. In this
embodiment, holes and electrons are re-combined in the
light emitting layer 405 to emit light. The light emitting
layer 405 is formed by co-evaporation of 4, 4’-dicarba-
zole-biphenyl (hereinafter referred to as CBP) as a hole
transporting host material and tris(2-phenylpyridine) irid-
ium (herinafter referred as Ir(ppy)3) that is a luminous
organic compound. The thickness of 405 is 30 nm.
[0067] Then a blocking layer 406 is formed. The block-
ing layer 406 is also called as a hole blocking layer and
prevents an idle current that does not participate in re-
combination to flow when holes injected to the light emit-
ting layer 405 accidentally pass through the electron
transporting layer and reach the cathode. In this embod-
iment, bathocuproine (hereinafter referred to as BCP) is
deposited into a film by evaporation to a thickness of 10
nm as the blocking layer 406.
[0068] Lastly, an electron transporting layer 407 is
formed to complete the layer comprising at least one or-
ganic compound 402 having a laminate structure. The
electron transporting layer 407 is formed of a material
capable of accepting electrons and transporting elec-
trons. In this embodiment, the electron transporting layer
407 is formed of tris(8-quinolinolate) aluminum (herein-
after referred to as Alq3) by evaporation to a thickness
of 40 nm.
[0069] Next, a cathode 408 is formed. In the present
invention, the cathode 408 is an electrode that allows
light emitted from the layer comprising at least one or-
ganic compound 402 to transmit and therefore is formed
of a material transmissive of light. The cathode 408 is
also an electrode for injecting electrons to the layer com-
prising at least one organic compound 402 and therefore
has to be formed from a material of small work function.
In order to make the work function of the cathode small,
this embodiment employs a 2 nm thick film of calcium
fluoride (CaF) that is fluoride of an alkaline earth metal.
On this film, a 20 nm thick film of aluminum (A1) that has
high conductivity is layered in order to improve the con-
ductivity of the cathode 408. The cathode 408 thus has

a laminate structure.
[0070] In this embodiment, a material having small
work function and a highly conductive material are lay-
ered to enhance the function of a cathode and at the
same time the laminate is made as thin as 10 to 30 nm
to secure 40% or more of transmittance for the cathode.
However, the cathode is not necessarily made thin as
long as the material used can provide sufficient function
as a cathode and can secure 40% or more of transmit-
tance.
[0071] Figs. 18A and 18B show results of measuring
element characteristics of a light emitting element that
uses a low-molecular based organic compound for a lay-
er comprising at least one organic compound. The light
emitting element has an anode in which a titanium (Ti)
film and a film of TiN that is a light-shielding metal com-
pound are layered, a layer comprising at least one or-
ganic compound in which a Cu-Pc film, an α-NPD film,
and an Alq3 film are layered, and a cathode in which a
barium fluoride (BaF2) film and an A1 film are layered.
The light-shielding metal compound film here is a TiN
film subjected to UV ozone treatment. Fig. 18A shows a
luminance characteristic of this light emitting element in
relation to voltage. Fig. 18B shows a current character-
istic of this light emitting element in relation to voltage.
[0072] The results in Figs. 18A and 18B show that the
light emitting element that sufficiently functions as carrier
injection type element is one in which the drive voltage
is as low as 5 V or less at the start of light emission (1
cd/m2), a sufficient amount of current flows upon appli-
cation of voltage, and-TiN is used for its anode.
[0073] A light emitting element having the same ele-
ment structure as the one in Figs. 18A and 18B is pre-
pared. This light emitting element uses TiN for a light-
shielding metal compound film to which plasma treatment
is performed. Figs. 19A and 19B show results of meas-
uring element characteristics of this light emitting ele-
ment. Fig. 19A shows a luminance characteristic of this
light emitting element in relation to voltage. Fig. 19B
shows a current characteristic of this light emitting ele-
ment in relation to voltage.
[0074] The plasma treatment here employs ICP (in-
ductively coupled plasma). Specifically, in a processing
chamber, an antenna coil placed on a quartz plate that
is in an upper part of the chamber is connected to an ICP
RF power supply through a matching box, and an elec-
trode (lower electrode) opposite to the antenna is also
connected to a Bias RF power supply through another
matching box. A TiN film that is a light-shielding metal
compound film is formed on a surface of a substrate, and
the substrate is placed on the lower electrode in the
processing chamber for plasma treatment.
[0075] The plasma treatment can employ one kind of
gas or a combination of plural kinds of gas such as N2,
O2, Ar, BCl, and Cl2. For the element shown in Figs. 19A
and 19B, the flow rate of BCl is set to 60 sccm and the
flow rate of Cl2 is set to 20 sccm. A 100 W of RF power
is given from the Bias RF power supply to the lower elec-
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trode and a 450 W of RF power is given to the antennal
coil at a pressure of 1.9 Pa to generate plasma and per-
form plasma treatment on the surface of the TiN film. The
length of surface plasma treatment is preferably 5 to 60
seconds. In the case of the light emitting element shown
in Figs. 19A and 19B, the treatment lasts 10 seconds.
[0076] Fig. 19A shows a luminance characteristic of
the light emitting element in relation to voltage. Fig. 19B
shows a current characteristic of the light emitting ele-
ment in relation to voltage.
[0077] In this case, similar to the element subjected to
UV ozone treatment, the drive voltage is as low as 5 V
or less at the start of light emission (1 cd/m2) and a suf-
ficient amount of current flows upon application of volt-
age. In addition, the luminance reaches 3000 cd/m2 or
more at a drive voltage of 15 V. Accordingly, it is con-
cluded that the element characteristics can be improved
even more by plasma treatment.

Example 1

[0078] In this example, one of the element structures
of light emitting devices is described in detail with refer-
ence to Fig. 5. Especially, the element structure formed
by using high-molecular compounds to the layer com-
prising at least one organic compound is described.
[0079] As mentioned in Embodiment Mode, an anode
501 is formed by the metal compound film having light
blocking effect.
[0080] In this example, the anode 501 is connected
electrically to the TFT 202 as shown in Fig. 3C, and is
formed by TaN to have a thickness of 110 nm using a
sputtering method. As sputtering methods used in this
example, two polarity sputtering method, an ion beam
sputtering method, an opposite target sputtering method.
[0081] In this example, a layer comprising at least one
organic compound 502 formed on the anode 501 has a
lamination structure constituted a hole transporting layer
503 and a light emitting layer 504. Further, the layer com-
prising at least one organic compound 502 is formed by
using high molecular organic compounds.
[0082] The hole transporting layer 503 can be formed
using both of poly (3, 4-ethylene dioxythiophene), re-
ferred to as PEDOT hereinafter, and polystyrene sulfonic
acid, (referred to as PSS hereinafter), which is an accep-
tor material, or both of polyaniline, referred to as PANI
hereinafter, and a camphor sulfonic acid, referred to as
CSA hereinafter. The material is made into an aqueous
solution since the material is water-soluble, and then the
aqueous solution is applied by any coating method so as
to form a film. In this example, a film made of PEDOT
and PSS is formed to have a thickness of 30 nm as the
hole transporting layer 503.
[0083] The light emitting layer 504 can be made of a
material of poly p-phenylene vinylene, poly p-phenylene,
polythiophene, or polyfluorene type.
[0084] As the poly p-phenylene vinylene type material,
the following can be used: poly(p-phenylene vinylene),

referred to as PPV hereinafter, or poly[2-(2’-ethylhex-
oxy)-5-methoxy-1,4-phenylene vinylene], referred to as
MEH-PPV hereinafter, each of which can give orange
luminescence; poly[2-(dialkoxyphenyl)-1, 4-phenylene
vinylene], referred to as ROPh-PPV, which can give
green luminescence.
[0085] As the polyparaphenylene type material, the fol-
lowing can be used: poly(2, 5-dialkoxy-1, 4-phenylene),
referred to as RO-PPP hereinafter, poly(2, 5-dihexoxy-
1, 4-phenylene), each of which can give blue lumines-
cence.
[0086] As the polythiophene type material, the follow-
ing can be used: poly(3-alkylthiophene), referred to as
PAT hereinafter, poly(3-hexylthiophene), referred to as
PHT hereinafter, poly(3-cyclohexylthiophene), referred
to as PCHT hereinafter, poly(3-cyclohexyl-4-methylthi-
ophene), referred to as PCHMT hereinafter, poly(3, 4-
dicyclohexylthiophene), referred to as PDCHT hereinaf-
ter, poly[3-(4-octylphenyl)-thiophene], referred to as
POPT hereinafter, or poly[3-(4-octylphenyl)-2, 2-bithi-
ophene], referred to as PTOPT hereinafter, each of which
can give red luminescence.
[0087] As the polyfluorene type material, the following
can be used: poly(9, 9-dialkylfluorene), referred to as
PDAF hereinafter, or poly(9, 9-dioctylfluorene), referred
to as PDOF hereinafter, each of which can give blue lu-
minescence.
[0088] The above-mentioned material which can form
a light emitting layer is dissolved in an organic solvent,
and then the solution is applied by any coating method.
Examples of the organic solvent used herein include tol-
uene, benzene, chlorobenzene, dichlorobenzene, chlo-
roform, tetralin, xylene, dichloromethane, cyclohexane,
NMP (N-methyl-2-pyrrolidone), dimethylsulfoxide, cy-
clohexanone, dioxane, and THF (tetrahydrofuran).
In this example, the film made of PPV as a light emitting
layer 504 is formed to have a thickness of 80 nm. Con-
sequently, the layer comprising at least one organic com-
pound 502 that has a lamination structure composed of
the electron hole transportation layer 503 and the light
emitting layer 504 can be obtained.
[0089] Next, the cathode 505 is formed. In the present
invention, since the light generated at the layer compris-
ing at least one organic compound 502 radiates through
the cathode 505, the materials that is a transparent to
the light is used to form the cathode 505. Moreover, since
the cathode 505 injects electron to the layer comprising
at least one organic compound 502, small work function
material is needed to form the cathode 505. Then, in this
example, the cathode 505 is formed to be a lamination
structure in which the cesium (Cs) that is alkaline-earth
metals is deposited to have a thickness of 2 nm in order
to low the work function, and aluminum with the high con-
ductivity (aluminum) is deposited thereon to have a thick-
ness of 20 nm in order to raise the conductivity of the
cathode 505.
[0090] In this example, in order to improve the function
as a cathode, small work function materials and high con-
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ductive materials are laminated to form an ultrathin film
having a thickness of 10 to 30 nm to secure 40% or more
transparency. However, if the material for forming the
cathode has an adequate function as a cathode, and 40%
or more transparency, the film thickness is not necessar-
ily to be reduced.

Example 2

[0091] In forming a element substrate, a method of si-
multaneously forming, on the same substrate, a pixel por-
tion and TFTs (n-channel TFT and p-channel TFT) of a
driver circuit formed in the periphery of the pixel portion
and forming a light emitting element which is electrically
connected to the TFT at pixel portion are described in
detail with reference to Figs. 6 to 9 in this example. Note
that, in this example, light emitting element having the
structure described in Embodiment Mode is formed.
[0092] First, in this example, a substrate 600 is used,
which is made from glass, such as barium borosilicate
glass or aluminum borosilicate, represented by such as
Corning #7059 glass and #1737. Note that, as the sub-
strate 600, there is not particular limitation if the substrate
is transparent to the light, even a quartz substrate can
be used. A plastic substrate having heat resistance to a
process temperature of this example may also be used.
[0093] Then, a base film 601 formed from an insulating
film such as a silicon oxide film, a silicon nitride film or a
silicon oxynitride film is formed on the substrate 600. In
this example, a two-layer structure is used as the base
film 601. However, a single-layer film or a lamination
structure consisting of two or more layers of the insulating
film may be used. As a first layer of the base film 601, a
silicon oxynitride film 601 a is formed into a thickness of
10 to 200 nm (preferably 50 to 100 nm) using SiH4, NH3,
and N2O as reaction gases by plasma CVD. In this ex-
ample, the silicon oxynitride film 601a (composition ratio
Si = 32%, O = 27%, N = 24% and H = 17%) having a film
thickness of 50 nm is formed.
[0094] Then, as a second layer of the base film 601, a
silicon oxynitride film 601b is formed so as to laminate
thereon to have a thickness of 50 to 200 nm (preferably
100 to 150 nm) using SiH4 and N2O as reaction gases
by plasma CVD. In this example, the silicon oxynitride
film 601 b (composition ratio Si = 32%, O = 59%, N = 7%
and H = 2%) having a film thickness of 100 nm is formed.
[0095] Materials the base film 601, single layer or lam-
ination layer of AlON, AlN, AlO can be used.
[0096] Subsequently, semiconductor layers 602 to 605
are formed on the base film 601. The semiconductor lay-
ers 602 to 605 are formed from a semiconductor film
having an amorphous structure by a known method (a
sputtering method, an LPCVD method, or a plasma CVD
method), and are subjected to a known crystallization
process (a laser crystallization method, a thermal crys-
tallization method, or a thermal crystallization method us-
ing a catalyst such as nickel). The crystalline semicon-
ductor film thus obtained is patterned into desired shapes

to obtain the semiconductor layers. The semiconductor
layers 602 to 605 are formed into the thickness of from
25 to 80 nm (preferably 30 to 60 nm). The material of the
crystalline semiconductor film is not particularly limited,
but it is preferable to form the film using silicon, a silicon
germanium (Si1-xGex(x = 0.0001 to 0.02)) alloy.
[0097] In this embodiment, 55 nm thick amorphous sil-
icon film is formed by plasma CVD, and then, nickel-con-
taining solution is held on the amorphous silicon film. A
dehydrogenating process of the amorphous silicon film
is performed (500°C for one hour), and thereafter a ther-
mal crystallization process is performed (550°C for four
hours) thereto. Further, to improve the crystallinity there-
of, laser anneal treatment is performed to form the crys-
talline silicon film. Then, this crystalline silicon film is sub-
jected to a patterning process using a photolithography
method, to obtain the semiconductor layers 602 to 605.
[0098] Further, before or after the formation of the sem-
iconductor layers 602 to 605, a minute amount of impurity
element (boron or phosphorus) may be doped to control
a threshold value of the TFT.
[0099] Besides, in the case where the crystalline sem-
iconductor film is manufactured by the laser crystal meth-
od, a excimer laser, YAG laser, and YVO4 laser of a pulse
oscillation type or continuous-wave type gas state laser.
In the case where those lasers are used, it is appropriate
to use a method in which laser light radiated from a laser
oscillator is condensed by an optical system into a linear
beam, and is irradiated to the semiconductor film. Al-
though the conditions of the crystallization should be
properly selected by an operator, in the case where the
exciter laser is used, a pulse oscillation frequency is set
as 300 Hz, and a laser energy density is as 100 to 400
mJ/cm2 (typically 200 to 300 mJ/cm2). In the case where
the YAG laser is used, it is appropriate that the second
harmonic is used to set a pulse oscillation frequency as
30 to 300 kHz, and a laser energy density is set as 300
to 600 mJ/cm2 (typically, 350 to 500 mJ/cm2). Then, laser
light condensed into a linear shape with a width of 100
to 1000 mm, for example, 400 mm is irradiated to the
whole surface of the substrate, and an overlapping ratio
(overlap ratio) of the linear laser light at this time may be
set as 50 to 90%.
[0100] A gate insulating film 607 is then formed for cov-
ering the semiconductor layers 602 to 605. The gate in-
sulating film 607 is formed from an insulating film con-
taining silicon by plasma CVD or sputtering into a film
thickness of from 40 to 150 nm. In the example, the gate
insulating film 607 is formed from a silicon oxynitride film
into a thickness of 110 nm by plasma CVD (composition
ratio Si = 32%, O = 59%, N = 7%, and H = 2%). Of course,
the gate insulating film 607 is not limited to the silicon
oxynitride film, an insulating film containing other silicon
may be formed into a single layer of a lamination struc-
ture.
[0101] Beside, when the silicon oxide film is used, it
can be formed by plasma CVD in which TEOS (tetraethyl
orthosilicate) and O2 are mixed, with a reaction pressure
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of 40 Pa, a substrate temperature of from 300 to 400°C,
and discharged at a high frequency (13.56 MHz) power
density of 0.5 to 0.8 W/cm2. Good characteristics as the
gate insulating film can be obtained in the silicon oxide
film thus manufactured by subsequent thermal annealing
at 400 to 500°C.
[0102] Then, as shown in Fig. 6A, on the gate insulating
film 607, a first conductive film 608 and a second con-
ductive film 609 are formed into lamination to have a film
thickness of 20 to 100 nm and 100 to 400 nm, respec-
tively. In this example, the first conductive film 608 made
from a TaN film with a film thickness of 30 nm and the
second conductive film 609 made from a W film with a
film thickness of 370 nm are formed into lamination. The
TaN film is formed by sputtering with a Ta target under
an atmosphere containing nitrogen. Besides, the W film
is formed by the sputtering method with a W target. The
W film may be formed by thermal CVD using tungsten
hexafluoride (WF6).
[0103] Whichever method is used, it is necessary to
make the material have low resistance for use as the
gate electrode, and it is preferred that the resistivity of
the W film is set to less than or equal to 20 mΩcm. By
making the crystal grains large, it is possible to make the
W film have lower resistivity. However, in the case where
many impurity elements such as oxygen are contained
within the W film, crystallization is inhibited and the re-
sistance becomes higher. Therefore, in this example, by
forming the W film having high purity by sputtering using
a target having a purity of 99.9999%, and in addition, by
taking sufficient consideration to prevent impurities within
the gas phase from mixing therein during the film forma-
tion, a resistivity of from 9 to 20 mΩcm can be realized.
[0104] Note that, in this example, the first conductive
film 608 is made of TaN, and the second conductive film
609 is made of W, but the material is not particularly lim-
ited thereto, and either film may be formed of an element
selected from Ta, W, Ti, Mo, Al, Cu, Cr and Nd or an alloy
material or a compound material containing the above
element as its main ingredient. Besides, a semiconductor
film typified by a polycrystalline silicon film doped with an
impurity element such as phosphorus may be used. Also,
an alloy containing Ag, Pd, Cu can be used.
[0105] Besides, any combination may be employed
such as a combination in which the first conductive film
608 is formed of tantalum (Ta) and the second conductive
film 609 is formed of W, a combination in which the first
conductive film 608 is formed of titanium nitride (TiN) and
the second conductive film 609 is formed of W, a com-
bination in which the first conductive film 608 is formed
of tantalum nitride (TaN) and the second conductive film
609 is formed of Al, or a combination in which the first
conductive film 608 is formed of tantalum nitride (TaN)
and the second conductive film 609 is formed of Cu, or
a combination in which the first conductive film 608 is
formed of W, Mo, or the combination of W and Mo and
the second conductive film 609 is formed of Al and Si or
Al and Ti or Al and Sc or Al and Nd, further, the third

conductive film (not shown) is formed from Ti, TiN or the
combination of Ti and TiN.
[0106] Next, masks 610 to 613 made of resist are
formed using a photolithography method, and a first etch-
ing process is performed in order to form electrodes and
wirings as shown in Fig. 6B. This first etching process is
performed with the first and second etching conditions.
In this example, as the first etching conditions, an ICP
(inductively coupled plasma) etching method is used, a
gas mixture of CF4, Cl2 and O2 is used as an etching
gas, the gas flow rate is set to 25/25/10 sccm, and plasma
is generated by applying a 500 W RF (13.56 MHz) power
to a coil shape electrode under 1 Pa. A dry etching device
with ICP (Model E645-hICP) produced by Matsushita
Electric Industrial Co. Ltd. is used here. A 150 W RF
(13.56 MHz) power is also applied to the substrate side
(test piece stage) to effectively apply a negative self-bias
voltage.
[0107] The W film is etched with the first etching con-
ditions, and the end portion of the first conductive layer
is formed into a tapered shape. In the first etching con-
ditions, the etching rate for W is 200.39 nm/min, the etch-
ing rate for TaN is 80.32 nm/min, and the selectivity of
W to TaN is about 2.5. Further, the taper angle of W is
about 26° with the first etching conditions.
[0108] Thereafter, as shown in Fig. 6B, the first etching
conditions are changed into the second etching condi-
tions without removing the masks 610 to 613 made of
resist, a mixed gas of CF4 and Cl2 is used as an etching
gas, the gas flow rate is set to 30/30 sccm, and plasma
is generated by applying a 500 W RF (13.56 MHz) power
to a coil shape electrode under 1 Pa to thereby perform
etching for about 15 seconds. A 20 W RF (13.56 MHz)
power is also applied to the substrate side (test piece
stage) to effectively a negative self-bias voltage. The W
film and the TaN film are both etched on the same order
with the second etching conditions in which CF4 and Cl2
are mixed.
[0109] In the second etching conditions, the etching
rate for W is 58.97 nm/min, and the etching rate for TaN
is 66.43 nm/min. Note that, the etching time may be in-
creased by approximately 10 to 20% in order to perform
etching without any residue on the gate insulating film.
[0110] In the first etching process, the end portions of
the first and second conductive layers are formed to have
a tapered shape due to the effect of the bias voltage
applied to the substrate side by adopting masks of resist
with a suitable shape. The angle of the tapered portions
may be set to 15° to 45°. Thus, first shape conductive
layers 615 to 618 (first conductive layers 615a to 618a
and second conductive layers 615b to 618b) constituted
of the first conductive layers and the second conductive
layers are formed by the first etching process. Reference
numeral 620 denotes a gate insulating film, and regions
of the gate insulating film which are not covered by the
first shape conductive layers 615 to 618 are made thinner
by approximately 20 to 50 nm by etching.
[0111] Then, a first doping process is performed to add
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an impurity element for imparting an n-type conductivity
to the semiconductor layer without removing the mask
made of resist (Fig. 6B). Doping may be carried out by
an ion doping method or an ion injecting method. The
condition of the ion doping method is that a dosage is 1
x 1013 to 5 x 1015 atoms/cm2, and an acceleration voltage
is 60 to 100 keV. In this embodiment, the dosage is 1.5
x 1015 atoms/cm2 and the acceleration voltage is 80 keV.
[0112] As the impurity element for imparting the n-type
conductivity, an element which belongs to group 15 of
the periodic table, typically phosphorus (P) or arsenic
(As) is used, and phosphorus is used here. In this case,
the conductive layers 615 to 618 become masks to the
impurity element for imparting the n-type conductivity,
and high concentration impurity regions 621 to 624 are
formed in a self-aligning manner. The impurity element
for imparting the n-type conductivity is added to the high
concentration impurity regions 621 to 624 in the concen-
tration range of 1 x 1020 to 1 x 1021 atoms/cm3.
[0113] Thereafter, the second etching process is per-
formed without removing the masks made of resist as
shown in Fig. 6C. The second etching process is per-
formed by third or fourth etching condition. Here, a mixed
gas of CF4, Cl2 is used as an etching gas, the gas flow
rate is set to 30/30 sccm, and plasma is generated by
applying a 500 W RF (13.56 MHz) power to a coil shape
electrode under 1 Pa to thereby perform etching for about
60 seconds. A 20 W RF (13.56 MHz) power is also applied
to the substrate side (test piece stage) to effectively apply
a negative self-bias voltage. The W film and the TaN film,
are both etched on the same order with the third etching
conditions in which CF4 and Cl2 are mixed.
[0114] In the second etching process, the etching rate
for W is 58.97 nm/min, the etching rate for TaN is 66.43.
Note that, the etching time may be increased by approx-
imately 10 to 20% in order to perform etching without any
residue on the gate insulating film.
[0115] Thereafter, as shown in Fig. 6C, the third etch-
ing conditions are changed into the fourth etching con-
ditions. Without removing the masks 610 to 613 made of
resist, a mixed gas of CF4, Cl2 and O2 is used as an
etching gas, the gas flow rate is set to 20/20/20 sccm,
and plasma is generated by applying a 500 W RF (13.56
MHz) power to a coil shape electrode under 1 Pa to there-
by perform etching for about 20 seconds. A 20 W RF
(13.56 MHz) power is also applied to the substrate side
(test piece stage) to effectively apply a negative self-bias
voltage.
[0116] In the fourth etching conditions, etching rate for
TaN is 14.83 nm/min. Therefore, the W film etched se-
lectively. According to the fourth etching process, the
second conductive layers 626 to 629 (first conductive
layers 626a to 629a and second conductive layers 626b
to 629b) are formed.
[0117] Next, a second doping process is performed as
shown in Fig. 7A. First conductive layers 626a to 629a
and second conductive layers 626b to 629b are used as
masks to an impurity element, and doping is performed

such that the impurity element is added to the semicon-
ductor layer below the tapered portions of the first con-
ductive layers. In this example, phosphorus (P) is used
as the impurity element, and plasma doping is performed
with the dosage of 1.5 x 1014 atoms/cm2, current density
of 0.5 mA and the acceleration voltage of 90 keV.
[0118] Thus, low concentration impurity regions 631 a
to 634a, which overlap with the first conductive layers
and low concentration impurity regions 631b to 634b,
which do not overlap with the first conductive layers are
formed in a self-aligning manner. The concentration of
phosphorus (P) in the low concentration impurity regions
631 to 634 is 1 x 1017 to 5 x 1018 atoms/cm3. Further,
the impurity element is added to the high concentration
impurity regions 621 to 624 and the high concentration
impurity regions 635 to 638 are formed.
[0119] New masks are formed from resist (639 and
640), and a third doping process is performed. Impurity
regions 641a, 641b, 642a, and 642b, to which an impurity
element is added that imparts the opposite conductivity
type (p-type) from the single conductivity type (n-type)
are formed to the semiconductor layers, which become
active layers of p-channel TFTs, by the third doping proc-
ess. (See Fig. 7B.) The first conductive layers 627a and
the second conductive layer 627b are used as masks
against the impurity element, the impurity element im-
parting p-type conductivity is added, and the impurity re-
gions are formed in a self-aligning manner.
[0120] The impurity regions 641a, 641b, 642a, and
642b are formed in this example by ion doping using di-
borane (B2H6). Phosphorous is added to the impurity re-
gions 641a, 642a and impurity regions 642b, 642b in dif-
fering concentrations, respectively, by the first doping
process and by the second doping process. However,
doping is performed such that the concentration of the
impurity element which imparts p-type conductivity to
each of the regions becomes from 2 x 1020 to 2 x 1021

atoms/cm3, and therefore no problems will develop with
the regions functioning as source regions and drain re-
gions of p-channel TFTs.
[0121] The resist masks 639 and 640 are removed
next, and a first interlayer insulating film 643 is formed
as shown in Fig. 7C. In this example, as the first inter
layer insulating film 643, the lamination film is formed
from the first insulating film 643a containing silicon and
nitride and the second insulating film 643b containing
silicon and oxygen.
[0122] An insulting film containing silicon is formed
having a thickness of 100 to 200 nm, using plasma CVD
or sputtering, as the first interlayer insulating film 643a.
A silicon oxynitride film is formed with a film thickness of
100 nm by plasma CVD in Example 1. The first interlayer
insulating film 643a is of course not limited to the silicon
oxynitride film, and other insulating films containing sili-
con may be used in a single layer or a lamination struc-
ture.
[0123] Next, a process for activating the impurity ele-
ments added to each of the semiconductor layers is per-
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formed. Thermal annealing using an annealing furnace
is performed for the activation process. Thermal anneal-
ing may be performed in a nitrogen atmosphere having
an oxygen concentration of 1 ppm or less, preferably 0.1
ppm or less, at 400 to 700°C, typically between 500 and
550°C. The activation process is performed in Example
1 by heat treatment at 550°C for four hours. Note that, in
addition to thermal annealing, laser annealing and rapid
thermal annealing (RTA) can also be applied.
[0124] Note also that, in Example 1, nickel used as a
catalyst during crystallization is gettered into the impurity
regions 635, 637, and 638 containing phosphorous at a
high concentration at the same time as the above acti-
vation process is performed. The nickel concentration
within the semiconductor layers that mainly become
channel forming regions is thus reduced. The value of
the off current is reduced for TFTs having channel form-
ing regions thus formed, and a high electric field effect
mobility is obtained because of the good crystallinity.
Thus, good properties can be achieved.
[0125] Further, the activation process may also be per-
formed before forming the first interlayer insulating film.
However, when using a wiring material which is weak
with respect to heat, it is preferable to perform the acti-
vation process after forming the interlayer insulating film
(insulating film containing silicon as its main constituent,
silicon nitride film, for example) in order to protect the
wirings as in Example 1.
[0126] The doping process may be performed, and the
first interlayer insulating film may be formed after per-
forming the activation process.
[0127] In addition, heat treatment is performed for 1 to
12 hours at 300 to 550°C in an atmosphere containing
hydrogen of 3 to 100%, performing hydrogenation of the
semiconductor layers. Heat treatment is performed for
one hour at 410°C in an atmosphere containing approx-
imately 3% hydrogen in Example 1. This process is one
for terminating dangling bonds of the semiconductor lay-
ers by hydrogen contained in the interlayer insulating film.
Plasma hydrogenation (using hydrogen excited by plas-
ma) may be performed as another means of hydrogen-
ation.
[0128] Further, when using a laser annealing method
as the activation process, it is preferable to irradiate laser
light such as that from an excimer laser or a YAG laser
after performing the above hydrogenation process.
[0129] A second interlayer insulating film 643b is
formed next on the first interlayer insulating film 643a
from insulating film containing silicon with a thickness of
1 to 2 mm by plasma CVD or sputtering. An oxynitride
film having a film thickness of 1.2 mm is formed in Exam-
ple 1. Of course, the second insulating film 643b is not
limited to the above mentioned film, an insulating film
containing other silicon may be formed into a single layer
or a lamination structure.
[0130] Then the first interlayer insulating film 643 made
from first insulating film 643a and second insulating film
643b can be formed.

[0131] Next, patterning is performed in order to form
contact holes for reaching the impurity regions 635, 636,
637, and 638.
[0132] In addition, the first insulating film 643a and the
second insulating film 643b are insulating film contained
silicon formed plasma CVD, so that dry etching method
or wet etching method can be used for forming a contact
hole. However, in this example, wet etching method is
used for etching the first insulating film, and the dry etch-
ing method is used for etching the second insulating film.
[0133] First, the second insulating film 643b is etched.
Here, a mixed solution (Stella chemifa Inc., brand name
LAL 500) contained 7.13% of hydrogen ammonium flu-
oride (NH4HF2) and 15.4% of ammonium fluoride (NH4F)
is used as an etchant to conduct a wet etching at 20°C.
[0134] Next, the first insulating film 643a is etched.
CHF4 is used as an etching gas, and gas flow rates are
set to 35 sccm. An 800 W RF electric power is applied
at a pressure of 7.3 Pa, and dry etching is performed.
[0135] Wirings 645 to 651 and an anode 652 are
formed that connect electrically with high concentration
impurity regions 635, 636, 637, and 638 respectively. In
this example, as materials for forming wirings 645 to 651
and the anode 652, conductive materials having light
blocking effect are used. Specifically, a conductive ni-
tride, an oxide, a carbide, a boride, and a silicide that are
composed of elements of fourth, fifth, or sixth group of
the periodic system can be used. However, wirings 645
to 651 and the anode 652 are patterned to be formed
having a thickness of 500 nm by using titanium nitride
(TiN) (Fig. 8A).
[0136] As the etching conditions of this example, a
mixed gas of CF4 and Cl2 is used as an etching gas, the
gas flow rate is set to 40/40 sccm, and plasma is gener-
ated by applying a 500 W RF (13.56 MHz) power to a
coil shape electrode under 1.2 Pa to thereby perform
etching for about 30 seconds. A 100 W RF (13.56 MHz)
power is also applied to the substrate side (test piece
stage) to effectively a negative self-bias voltage.
[0137] In this example, the anode 652 is formed simul-
taneously with wiring formation, and to serve a function
as a wiring of high concentration impurity region 638.
[0138] The insulating film is formed in 1 mm thickness.
As material forming an insulating film, a film containing
silicon oxide is used in this example. Another films such
as insulating film containing silicon nitride, or silicon oxide
nitride, the organic resin film, polyimide, polyamide, acryl-
ic (photosensitive acrylic is included), BCB (benzocy-
clobutene), may also be used.
[0139] An opening portion is formed to correspond to
the cathode 652 of this insulating film, and the insulating
layer 653 is formed (Fig. 8B).
[0140] Specifically, the insulating film 653 is formed by
that the insulating film is formed in 1 mm thick using a
photosensitive acrylic, and after that it is patterned using
photolithography method and is performed etching treat-
ment.
[0141] On the exposed anode 652 at the opening por-
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tion in the insulating layer 653, a layer comprising at least
one organic compound 654 is formed by evaporation
method (Fig. 9A). In this example, the state of forming
one kind of layers comprising organic compounds that
are constituted organic compounds emitting three kinds
of luminescence, red, green, and blue is illustrated. The
combination of the organic compounds that form three
kinds of organic compounds layer is described with ref-
erence to Figs. 10A to 10D.
[0142] A light emitting element shown in Fig. 10A is
constituted an anode 1001, a layer comprising at least
one organic compound 1002, and a cathode 1003. The
layer comprising at least one organic compound 1002
has a lamination structure constituted a hole transporting
layer 1004, a light emitting layer 1005, and an electron
transporting layer 1006. As for the material that constitute
red luminescent light emitting element and the thickness
are illustrated in Fig. 10B, as for the material that consti-
tute green luminescent light emitting element and the
thickness are illustrated in Fig. 10C, and as for the ma-
terial that constitute blue luminescent light emitting ele-
ment and the thickness are illustrated in Fig. 10D respec-
tively.
[0143] First, a layer comprising at least one organic
compound emitting red light is formed. Specifically, a 4,
4’-bis[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (herein-
after referred to as the α-NPD) as a hole transporting
organic compound is formed into a hole transporting layer
1004 in a 40 nm film thickness. A 2, 3, 7, 8, 12, 13, 17,
18-octaethyl-21H, 23H-porphyrin-platinum (hereinafter
referred to as the PtOEP) as a luminescent organic com-
pound is co-deposited to form the light emitting layer 1005
with organic compounds (hereinafter referred to as the
host materials) a 4,4’-dicarbazol-biphenyl (hereinafter re-
ferred to as the CBP) to serve as the host in a 30 nm film
thickness. A basocuproin (hereinafter referred to as the
BCP) as a blocking organic compound is formed into a
blocking layer 1006 in a 10 nm film thickness. A tris(8-
quinolinolatoA) aluminum (hereinafter referred to as the
Alq3) as an electron transporting organic compound is
formed into the electron transporting layer 1007 in a 40
nm film thickness. Thereby, a red luminescent layer com-
prising at least one organic compound can be formed.
[0144] Although the case of forming a red luminescent
layer comprising at least one organic compound using 5
kinds of organic compounds with different functions is
explained here, the present invention is not limited there-
to, and known materials can be used as the organic com-
pound showing the red luminescence.
[0145] A green luminescent layer comprising at least
one organic compound is formed. Specifically, an α-NPD
as a hole transporting organic compound is formed into
the hole transporting layer 1004 in a 40 nm film thickness.
The light emitting layer 1005 is formed by that a CBP
used as a hole transmitting host material is co-deposited
with a tris(2-phenyl pyridine) iridium (Ir(ppy)3) in a 30 nm
film thickness. A BCP as a blocking organic compound
is formed into the blocking layer 1006 in a 10 nm film

thickness. An Alq3 as an electron transporting organic
compound is formed into the electron transporting layer
1007 in a 40 nm film thickness. Thereby, a green lumi-
nescent layer comprising at least one organic compound
can be formed.
[0146] Although the case of forming a green lumines-
cent layer comprising at least one organic compound us-
ing 4 kinds of organic compounds with different functions
is explained here, the present invention is not limited
thereto, and known materials can be used as the organic
compound showing the green luminescence.
[0147] A blue luminescent layer comprising at least
one organic compound is formed. Specifically, an α-NPD
as a luminescent organic compound and a hole trans-
porting organic compound is formed into the light emitting
layer 1005 in a 40 nm film thickness. A BCP as a blocking
organic compound is formed into the blocking layer 1006
in a 10 nm film thickness. An Alq3 as an electron trans-
porting organic compound is formed into the electron
transporting layer 1007 in a 40 nm film thickness. There-
by, a blue luminescent layer comprising at least one or-
ganic compound can be formed.
[0148] Although the case of forming a blue luminescent
layer comprising at least one organic compound using 3
kinds of organic compounds with different functions is
explained here, the present invention is not limited there-
to, and known materials can be used as the organic com-
pound showing the blue light emission.
[0149] By forming the above-mentioned organic com-
pounds on the anode, a layer comprising at least one
organic compound emitting the red luminescence, the
green luminescence and the blue luminescence can be
formed in the pixel portion.
[0150] As shown in Fig. 9B, the cathode 655 is formed
to cover the layer comprising at least one organic com-
pound 654 and the insulating layer 653. In this example,
the cathode 655 is made from conductive film that is a
transparent to the light. Specifically, it is preferable that
the cathode 655 is formed by small work function mate-
rials in order to improve the electron injection from the
cathode 655. For example, materials can be selected
from alkaline metal or alkaline-earth metal, combinations
of alkaline metal or alkaline-earth metal with another ma-
terials, or alloys of another materials in alkaline metal or
alkaline-earth metal (for example, Al: Mg alloy, Mg: In
alloy). In this example, the cathode 655 is formed to have
a lamination structure in which calcium fluoride (CaF)
that is a nitride of alkaline-earth metal and aluminum that
has higher conductivity or silver is deposited thereon.
[0151] In this example, since the light generated at the
light emitting element radiates through the cathode 655,
the cathode needs to be a transparent to the light. There-
fore, CaF film is formed to contact with the layer com-
prising at least one organic compound 654 having a thick-
ness of 2 nm, and an aluminum film or a silver film is
formed thereon having a thickness of 20 nm.
[0152] Thus, the cathode is formed by ultrathin film,
thereby the electrode having light transparency can be
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formed. The cathode 655 can be formed by another
known material only in cases in which the material is a
small work function material and is a conductive film that
is transparent to the light.
[0153] As shown in Fig. 9B, an element substrate hav-
ing a light emitting element 656 that is composed of the
anode 652 connected electrically to the current control
TFT 704, the insulating layer 653 formed between the
cathode 652 and the anode that is adjacent to the anode
652 (not illustrated), the layer comprising at least one
organic compound 654 formed on the anode 652, the
cathode 655 formed on the layer comprising at least one
organic compound 654 and the insulating layer 653 can
be formed.
[0154] Note that, in the process of manufacturing the
light emitting device in this example, although the source
signal lines are formed by materials which form the gate
electrodes, and although the gate signal lines are formed
by wiring materials which forms the source and drain
electrodes, with relation to the circuit structure and proc-
ess, other materials may also be used.
[0155] Further, a driver circuit 705 having an n-channel
TFT 701 and a p-channel TFT 702, and a pixel portion
706 having a switching TFT 703 and a current control
TFT 704 can be formed on the same substrate.
[0156] The n-channel TFT 701 of the driver circuit 705
has the channel forming region 501, the low concentra-
tion impurity region 631 (GOLD region) which overlaps
with the first conductive layer 626a forming a portion of
the gate electrode, and the high concentration impurity
region 635 which functions as a source region or a drain
region. The p-channel TFT 702 has the channel forming
region 502, and the impurity regions 641 and 642 that
function as source regions or drain regions.
[0157] The switching TFT 703 of the pixel portion 706
has the channel forming region 503, the low concentra-
tion impurity region 633a (LDD region) which overlap with
the first conductive layer 628a forming the gate electrode,
the low concentration impurity region 633b (LDD region)
which does not overlap with the first conductive layer
628a, and the high concentration impurity region 637
which functions as a source region or a drain region.
[0158] The current control TFT 704 of the pixel portion
706 has the channel forming region 504, the low concen-
tration impurity region 634a (LDD region) which overlap
with the first conductive layer 629a, the low concentration
impurity region 634b (LDD region) which does not over-
lap with the first conductive layer 628a, and the high con-
centration impurity region 638 which function as source
regions or drain regions.
[0159] In this example, the driving voltage of a TFT is
1.2 to 10 V, preferably 2.5 to 5.5 V.
[0160] When the display of the pixel portion is active
(case of the moving picture display), a background is
displayed by pixels in which the light emitting elements
emit light and a character is displayed by pixels in which
the light emitting elements do not emit light. However, in
the case where the moving picture display of the pixel

portion is still for a certain period or more (referred to as
a standby time in the present specification), for the pur-
pose of saving electric power, it is appropriate that a dis-
play method is changed (inverted). Specifically, a char-
acter is displayed by pixels in which light emitting ele-
ments emit light (also called a character display), and a
background is displayed by pixels in which light emitting
elements do not emit light (also called a background dis-
play).
[0161] A detailed top surface structure of a pixel portion
is shown in Fig. 11A, and a circuit diagram thereof is
shown in Fig. 11B. Figs. 11A and 11B denoted by a same
reference numerals.
[0162] In Figs. 11A and 11B, a switching TFT 1100
provided on a substrate is formed by using the switching
TFT (n-channel type) TFT 703 of Fig. 9B. Therefore, an
explanation of the switching (n-channel type) TFT 703
may be referred for an explanation of the structure. Fur-
ther, a wiring indicated by reference numeral 1102 is a
gate wiring for electrically connecting with gate elec-
trodes 1101 (1101a and 1101b) of the switching TFT
1100.
[0163] Note that, in this example, a double gate struc-
ture is adopted, in which two channel forming regions are
formed, but a single gate structure, in which one channel
forming region is formed, or a triple gate structure, in
which three channel forming regions are formed, may
also be adopted.
[0164] Further, a source of the switching TFT 1100 is
connected to a source wiring 1103, and a drain thereof
is connected to a drain wiring 1104. The drain wiring 1104
is electrically connected with a gate electrode 1106 of a
current control TFT 1105. Note that the current control
TFT 1105 is formed by using the current control (n-chan-
nel type) TFT 704 of Fig. 9B. Therefore, an explanation
of the current control (n-channel type) TFT 704 may be
referred for an explanation of the structure. Note that,
although the single gate structure is adopted in this ex-
ample, the double gate structure or the triple gate struc-
ture may also be adopted.
[0165] Further, a source of the current control TFT
1105 is electrically connected with a current supply line
1107, and a drain thereof is electrically connected with
a drain wiring 1108. Besides, the drain wiring 1108 is
electrically connected with a cathode 1109 indicated by
a dotted line.
[0166] A wiring indicated by reference numeral 1110
is a gate wiring connected with the gate electrode 1112
of the erasing TFT 1111. Further, a source of the erasing
TFT 1111 is electrically connected to the current supply
line 1107, and a drain thereof is electrically connected to
the drain wiring 1104.
[0167] The erasing TFT 1111 is formed like a current
controlling TFT (n-channel type) 704 in Fig. 9B. There-
fore, an explanation of the structure is referred to that of
the current controlling TFT (n-channel type) 704. In this
example, a single gate structure is described though, a
double gate structure or a triple gate structure can be
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used.
[0168] At this time, a storage capacitor (condenser) is
formed in a region indicated by reference numeral 1113.
The capacitor 1113 is formed by a semiconductor film
1014 electrically connected with the current supply line
1107, an insulating film (not shown) of the same layer as
a gate insulating film, and the gate electrode 1006. Fur-
ther, a capacitor formed by the gate electrode 1106, the
same layer (not shown) as a first interlayer insulating film,
and the current supply line 1107 may be used as a stor-
age capacitor.
[0169] The light emitting element 1115 shown in circuit
diagram in Fig. 11B is composed of the cathode 1109, a
layer comprising at least one organic compound (not il-
lustrated) formed on the cathode 1109, and an anode
(not illustrated) formed on the layer comprising at least
one organic compound. The cathode 1109 is connected
with a source region and a drain region of the current
controlling TFT 1105.
[0170] A counter potential is supplied to the anode of
the light emitting element 1115. In addition, the power
source potential is supplied to the power supply line V.
A potential difference between the counter potential and
the power source potential is always maintained at such
a level that causes the light emitting element to emit light
when the power source potential is applied to the pixel
electrode. The power source potential and the counter
potential are supplied to the light emitting device of the
present invention by means of a power source provided
by an externally-attached IC chip or the like. In the
present specification, the power source supplying a
counter potential is referred to as the counter power
source 1116.

Example 3

[0171] Referring to Figs. 12, the external appearance
of an active matrix type light emitting device will be de-
scribed in this example. Fig. 12A is a top view of the
luminescent device, and Fig. 12B is a sectional view tak-
en on line A-A’ of Fig. 12A. Reference number 1201 rep-
resents a source side driving circuit, which is shown by
a dotted line; 1202, a pixel section; 1203, a gate side
driving circuit; 1204, a sealing substrate; and 1205, a
sealant. A space is surrounded by the sealant 1205.
[0172] Reference number 1208 represents an inter-
connection for transmitting signals inputted to the source
signal line driving circuit 1201 and the gate signal line
driving circuit 1203. The interconnection 1208 receives
video signals or clock signals from a flexible print circuit
(FPC) 1209, which will be an external input terminal. Only
the FPC is illustrated, but a printed wiring board (PWB)
may be attached to this FPC. The light emitting device
referred to in the present specification may be the body
of the light emitting device, or a product wherein an FPC
or a PWB is attached to the body.
[0173] The following will describe a sectional structure,
referring to Fig. 12B. The driving circuits and the pixel

section are formed on the substrate 1210, but the gate
side driving circuit 1203 as one of the driving circuits and
the pixel section 1202 are shown in Fig. 12B.
[0174] In the gate side driving circuit 1203, a CMOS
circuit wherein an n-channel type TFT 1213 and a p-chan-
nel type TFT 1214 are combined is formed. The TFTs
constituting the driving circuit may be composed of
known CMOS circuits, PMOS circuits or NMOS circuits.
In this example, a driver-integrated type, wherein the driv-
ing circuit is formed on the substrate, is illustrated, but
the driver-integrated type may not necessarily be adopt-
ed. The driver may be fitted not to the substrate but to
the outside.
[0175] The pixel section 1202 is composed of plural
pixels including a current-controlling TFT 1211 and an
anode 1212 electrically connected to the drain of the TFT
1211.
[0176] On the both sides of the anode 1212, insulating
film 1213 are formed, and a layer comprising at least one
organic compound 1214 is formed on the anode 1212.
Furthermore, a cathode 1216 is formed on the layer com-
prising at least one organic compound 1214. In this way,
a light emitting element 1218 composed of the anode
1212, the layer comprising at least one organic com-
pound 1214 and the cathode 1216 is formed.
[0177] The cathode 1216 also functions as an inter-
connection common to all of the pixels, and is electrically
connected through the interconnection 1208 to the FPC
1209.
[0178] In order to seal the light emitting element 1218
formed on the substrate 1210, the sealing substrate 1204
is adhered with the sealant 1205. A spacer made of a
resin film may be set up to keep a given interval between
the sealing substrate 1204 and the light emitting element
1218. An inert gas such as nitrogen is filled into the space
1207 inside the sealant 1205. As the sealant 1205, an
epoxy resin is preferably used. The sealant 1205 is de-
sirably made of a material through which water content
or oxygen is transmitted as slightly as possible. Further-
more, it is allowable to incorporate a material having
moisture absorption effect into the space 1207.
[0179] In this example, as the material making the seal-
ing substrate 1204, there may be used a glass substrate,
a quartz substrate, or a plastics substrate made of fiber
glass-reinforced plastic (FRP), polyvinyl fluoride (PVF),
mylar, polyester or polyacrylic resin. After the adhesion
of the sealing substrate 1204 to the substrate 1210 with
the sealant 1205, a sealant is applied so as to cover the
side faces (exposure faces).
[0180] As described above, the light emitting element
is airtightly put into the space 1207, so that the light emit-
ting element can be completely shut out from the outside
and materials promoting deterioration of the layer com-
prising at least one organic compound, such as water
content and oxygen, can be prevented from invading this
layer from the outside. Consequently, the light emitting
device can be made highly reliable.
[0181] The structure of this example may be freely
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combined with the structure of Embodiment 1 and exam-
ples 1 and 2.

Example 4

[0182] Embodiment 1 and Examples 2 to 3 describe
an active matrix type light emitting device having a top
gate TFT. However, the TFT structure of the present in-
vention is not limited thereto and bottom gate TFTs (typ-
ically reverse stagger TFTs) may also be used as shown
in Fig. 13. The reverse stagger TFTs may be formed by
any method.
[0183] Fig. 13A is a top view of a light emitting device
that uses bottom gate TFTs. Note that the sealing in not
conducted yet by sealing substrate. A source side driving
circuit 1301, a gate side driving circuit 1302, and a pixel
portion 1303 are formed therein. Fig. 13B shows in sec-
tion a region a 1304 of the pixel portion 1303. The sec-
tional view is obtained by cutting the light emitting device
along the line x-x’ in Fig. 13A.
[0184] Fig. 13B illustrates only a current controlling
TFT out of TFTs that constituted in a pixel portion 1303.
Reference symbol 1311 denotes a substrate and 1312
denotes an insulating film to serve as a base (hereinafter
referred to as a base film). A transparent substrate is
used for the substrate 1311, typically, a glass substrate,
a quartz substrate, a glass ceramic substrate, or a crys-
tallized glass substrate. However, the one that can with-
stand the highest process temperature during the man-
ufacture process has to be chosen.
[0185] The base film 1312 is effective especially when
a substrate containing a movable ion or a conductive
substrate is used. If a quartz substrate is used, the base
film may be omitted. An insulating film containing silicon
is used for the base film 1312. The term insulating film
containing silicon herein refers to an insulating film con-
taining oxygen or nitrogen in a given ratio to the content
of silicon, specifically, a silicon oxide film, a silicon nitride
film, or a silicon oxynitride film (SiOxNy: x and y are ar-
bitrary integers).
[0186] Reference symbol 1313 denotes a current con-
trolling TFT that is a p-channel TFT. Note that, in this
example, anode 1323 of light emitting element 1329 is
connected the current control TFT 1313. Therefore, the
anode 1323 are preferably made from p-channel TFT but
also made from n-channel TFT.
[0187] The current controlling TFT 1313 is composed
of an active layer which comprising source region 1314,
drain region 1315 and channel forming region 1316, a
gate insulating film 1317, a gate electrode 1318, a inter-
layer insulating film 1319, a source wiring line 1320, and
a drain wiring line 1321.
[0188] The switching TFT has a drain region connected
to the gate electrode 1318 of the current controlling TFT
1313. The gate electrode 1318 of the current controlling
TFT 1313 is electrically connected to the drain region
(not shown) of the switching TFT through a drain wiring
line (not shown), to be exact. The gate electrode 1318

has a single gate structure but may take a multi-gate
structure. The source wiring line 1320 of the current con-
trolling TFT 1313 is connected to a current supplying line
(not shown).
[0189] The current controlling TFT 1313 is an element
for controlling the amount of current supplied to the light
emitting element, and a relatively large amount of current
flows through this TFT. Therefore, it is preferable to de-
sign the current controlling TFT to have a channel width
(W) wider than the channel width of the switching TFT.
It is also preferable to design the current controlling TFT
to have a rather long channel length (L) in order to avoid
excessive current flow in the current controlling TFT
1313. Desirably, the length is set such that the current is
0.5 to 2 mA (preferably 1 to 1.5 mA) per pixel.
[0190] If the active layer (channel forming region, in
particular) of the current controlling TFT 1313 is formed
thick (desirably 50 to 100 nm, more desirably 60 to 80
nm), degradation of the TFT can be slowed.
[0191] After the current controlling TFT 1313 is formed,
the interlayer insulating film 1319 is formed and anode
1323 that is electrically connected to the current control-
ling TFT 1313 is formed. In this example, anode 1323
and the wiring line 1320 are formed at the same time and
same material. As the materials of anode 1323, the con-
ductive film having small working function is preferably
used. In this example, the anode 1323 formed from Al.
[0192] After the anode 1323 is formed, an insulating
film 1324 is formed. The insulating film 1324 serves as
a so-called bank.
[0193] A layer comprising at least one organic com-
pound 1325 is formed next, and the cathode 1326 is
formed thereon. Materials for the layer comprising at
least one organic compound 1325 are shown in Embod-
iments 1 or Example 1.
[0194] The cathode 1326 is formed on the layer com-
prising at least one organic compound 1325. Materials
for the cathode 1326, transparent conductive film having
small work function are used. In this example, the cath-
ode 1326 is formed by laminating Al having a thickness
of 20 nm on CaF having the thickness of 2 nm.
[0195] Therefore, the light emitting device having the
reverse stagger type TFT can be formed. In addition, in
the light emitting device according to this example, the
light is emitted in the direction shown by arrow of Fig.
13B (upward).
[0196] Since the structure of the reverse stagger TFT
is easier to reduce the manufacturing step than top gate
TFT, the structure have an advantage of reducing the
manufacturing cost which is the problem to be solved in
the present invention.
[0197] Further, the structure of this example can be
implemented by freely combining with the structure
shown in Embodiment 1 and Examples 1, 2 and 3 except
the TFT’s configuration.
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Example 4

[0198] In this example, a case in which a passive type
(simple matrix type) light emitting device is manufactured
is described with reference to Fig. 14. In Fig. 14, refer-
ence numbers 1401 and 1402 represent a glass sub-
strate and an anode made of a metal compound film,
respectively. In this example, TiN is formed by sputtering
as metal compounds. Not shown in Fig. 14, plural anodes
are arranged in the stripe form in parallel with the paper.
In the passive matrix light emitting device, since the an-
ode material is required higher conductivity than active
matrix light emitting device, it is effective that higher con-
ductive metal compounds than ITO that is used conven-
tionally is used for the anode in reducing the driving volt-
age of the light emitting element.
[0199] Banks 1403 made of an insulating material are
formed to cross the anode 1402 arranged in the stripe
form. The banks 1403 are formed perpendicularly to the
paper face to contact the anodes 1402.
[0200] Next, a layer comprising at least one organic
compound 1404 is formed. As the material which makes
the layer comprising at least one organic compound
1404, a known material which can give luminescence,
as well as the materials described in Embodiment 1 and
Example 1, can be used.
[0201] For example, by forming a layer comprising at
least one organic compound giving red luminescence, a
layer comprising at least one organic compound giving
green luminescence, and a layer comprising at least one
organic compound giving blue luminescence, a light emit-
ting device giving three types of luminescence rays can
be formed. Since the layer comprising at least one or-
ganic compound 1404 composed of these layers is
formed along grooves made in the banks 1403, the layer
1404 is arranged in the stripe form perpendicular to the
paper face.
[0202] Next, a cathode 1405 is formed on the layer
comprising at least one organic compound 1404. The
cathode 1405 is formed by vapor deposition using a metal
mask.
[0203] Since the lower electrodes (the anodes 1402)
are transparent materials in this example, light generated
at the layer comprising at least one organic compound
1404 is radiated upward (opposed to the substrate 1401).
[0204] Next, a glass substrate is prepared as a sealing
substrate 1407. Since the sealing substrate 1407 may
have transparency in the structure of this example, a sub-
strate made of plastic or quartz may be used as well as
glass substrate.
[0205] The sealing substrate 1407 is adhered to the
substrate 1401 with a sealant 1408 made of an ultraviolet
hardening resin. The inside 1406 of the sealant 1408 is
an airtightly-closed space, and the inside is filled with an
inert gas such as nitrogen or argon. It is effective to put
a moisture absorbent, a typical example of which is bar-
ium oxide, in the airtightly closed space 1406. At last, a
flexible printed circuit (FPC) 1409 is fitted to the anodes

to complete a passive type light emitting device.
[0206] This example may be carried out by combining
materials except the element structure (active matrix
type) shown in Embodiment 1 and Examples 1 to 4.

Embodiment 2

[0207] Being self-luminous, a light emitting device us-
ing a light emitting element has better visibility in bright
places and wider viewing angle than liquid crystal display
devices. Therefore, various electric appliances can be
completed by using the light emitting device manufac-
tured according to the present invention.
[0208] Given as examples of an electric appliance that
employs a light emitting device manufactured in accord-
ance with the present invention are video cameras, digital
cameras, goggle type displays (head mounted displays),
navigation systems, audio reproducing devices (such as
car audio and audio components), notebook computers,
game machines, portable information terminals (such as
mobile computers, cellular phones, portable game ma-
chines, and electronic books), and image reproducing
devices equipped with recording media (specifically, de-
vices with a display device that can reproduce data in a
recording medium such as a digital video disk (DVD) to
display an image of the data). Wide viewing angle is im-
portant particularly for portable information terminals be-
cause their screens are often slanted when they are
looked at. Therefore it is preferable for portable informa-
tion terminals to employ the light emitting device using
the light emitting element. Specific examples of these
electric appliance are shown in Figs. 16A to 16H.
[0209] Fig. 16A shows a display device, which is com-
posed of a case 2001, a support base 2002, a display
unit 2003, speaker units 2004, a video input terminal
2005, etc. The light emitting device manufactured in ac-
cordance with the present invention can be applied to
the display unit 2003. Since the light emitting device hav-
ing the light emitting element is self-luminous, the device
does not need back light and can make a thinner display
unit than liquid crystal display devices. The display device
refers to all display devices for displaying information,
including ones for personal computers, for TV broadcast-
ing reception, and for advertisement.
[0210] Fig. 16B shows a digital still camera, which is
composed of a main body 2101, a display unit 2102, an
image receiving unit 2103, operation keys 2104, an ex-
ternal connection port 2105, a shutter 2106, etc. The light
emitting device manufactured in accordance with the
present invention can be applied to the display unit 2102.
[0211] Fig. 16C shows a notebook personal computer,
which is composed of a main body 2201, a case 2202,
a display unit 2203, a keyboard 2204, an external con-
nection port 2205, a pointing mouse 2206, etc. The light
emitting device manufactured in accordance with the
present invention can be applied to the display unit 2203.
[0212] Fig. 16D shows a mobile computer, which is
composed of a main body 2301, a display unit 2302, a
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switch 2303, operation keys 2304, an infrared port 2305,
etc. The light emitting device manufactured in accord-
ance with the present invention can be applied to the
display unit 2302.
[0213] Fig. 16E shows a portable image reproducing
device equipped with a recording medium (a DVD player,
to be specific). The device is composed of a main body
2401, a case 2402, a display unit A 2403, a display unit
B 2404, a recording medium (DVD or the like) reading
unit 2405, operation keys 2406, speaker units 2407, etc.
The display unit A 2403 mainly displays image informa-
tion whereas the display unit B 2404 mainly displays text
information. The light emitting device manufactured in
accordance with the present invention can be applied to
the display units A 2403 and B 2404. The image repro-
ducing device equipped with a recording medium also
includes home-video game machines.
[0214] Fig. 16F shows a goggle type display (head
mounted display), which is composed of a main body
2501, display units 2502, and arm units 2503. The light
emitting device manufactured in accordance with the
present invention can be applied to the display units
2502.
[0215] Fig. 16G shows a video camera, which is com-
posed of a main body 2601, a display unit 2602, a case
2603, an external connection port 2604, a remote control
receiving unit 2605, an image receiving unit 2606, a bat-
tery 2607, an audio input unit 2608, operation keys 2609,
eye piece portion 2610 etc. The light emitting device man-
ufactured in accordance with the present invention can
be applied to the display unit 2602.
[0216] Fig. 16H shows a cellular phone, which is com-
posed of a main body 2701, a case 2702, a display unit
2703, an audio input unit 2704, an audio output unit 2705,
operation keys 2706, an external connection port 2707,
an antenna 2708, etc. The light emitting device manu-
factured in accordance with the present invention can be
applied to the display unit 2703. If the display unit 2703
displays white letters on black background, the cellular
phone consumes less power.
[0217] If the luminance of light emitted from organic
materials is raised in future, the light emitting device can
be used in front or rear projectors by enlarging outputted
light that contains image information through a lens or
the like and projecting the light.
[0218] These electric appliances now display with in-
creasing frequency information sent through electronic
communication lines such as the Internet and CATV (ca-
ble television), especially, animation information. Since
organic materials have very fast response speed, the
light emitting device is suitable for animation display.
[0219] In the light emitting device, light emitting por-
tions consume power and therefore it is preferable to
display information in a manner that requires less light
emitting portions. When using the light emitting device in
display units of portable information terminals, particu-
larly cellular phones and audio reproducing devices that
mainly display text information, it is preferable to drive

the device such that non-light emitting portions form a
background and light emitting portions form text informa-
tion.
[0220] As described above, the application range of
the light emitting device manufactured according to the
present invention is so wide that it is applicable to electric
appliances of any field. The electric appliances of this
embodiment can be completed by using the light emitting
device formed by implementing Embodiment 1 and Ex-
amples 1 to 4.
[0221] In the present invention, by using the light-
shielding metal compound as the anode material, the an-
ode of the light emitting element can be formed at the
same time when the wire for electrically connecting the
anode to a thin film transistor (hereinafter referred to as
TFT) for driving the light emitting element is formed in
manufacturing the active matrix light emitting device. Ac-
cordingly, the present invention is characterized by omit-
ting the process of forming the light-shielding film, which
is necessary when the transparent conductive film is
used in prior art.
[0222] The metal compound used in the present inven-
tion has a work function equal to or larger than the work
function of ITO or IZO, which is used as an anode material
in prior art. By using the metal compound for an anode,
injection of holes from the anode can be improved ever
more. Also, the metal compound is smaller in resistivity
than ITO as to the conductivity. It therefore can fulfill the
function as a wire and can lower the drive voltage in the
light emitting element compared to prior art.

Claims

1. A method of manufacturing a light emitting device
comprising:

forming an anode (102) on an interlayer insulat-
ing film over a substrate;
forming a layer (103) comprising at least one
organic compound on the anode (102); and
forming a cathode (104) on the layer (103) com-
prising at least one organic compound, wherein
the anode (102) is formed of a metal compound
of an element that belongs to one of Group 4,
5, and 6 in the periodic table,
characterized by
further comprising a step of subjecting a surface
of the anode (102) to UV ozone treatment or to
plasma treatment;
wherein the work function of the anode (102) is
increased by the UV ozone treatment or by the
plasma treatment,
wherein the anode has a light-shielding ability,
and
wherein the cathode is formed from a light-trans-
missive conductive film.
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2. The method of manufacturing a light emitting device
according to claim 1, wherein the anode is electrically
connected to a thin film transistor that is formed un-
der the interlayer insulating film.

3. The method of manufacturing a light emitting device
according to claim 1, further comprising the steps of:

forming a semiconductor film on an insulating
film over the substrate;
forming a gate electrode adjacent to the semi-
conductor, film with a gate insulating film inter-
posed therebetween;
forming the interlayer insulating film over the
semiconductor film and the gate electrode; be-
fore the step of forming the anode on the inter-
layer insulating film.

4. The method of manufacturing a light emitting device
according to claim 3, wherein the anode is electrically
connected to the semiconductor film via a contact
hole formed through the interlayer insulating film.

5. The method of manufacturing a light emitting device
according to any one of claims 1 to 4, wherein the
anode has a work function of 4.7 eV or more.

6. The method of manufacturing a light emitting device
according to any one of claims 1 to 5, wherein the
anode comprises one selected from the group con-
sisting of titanium nitride, zirconium nitride, titanium
carbide, zirconium carbide, and tantalum nitride, tan-
talum carbide, molybdenum nitride, and molybde-
num carbide.

Patentansprüche

1. Verfahren zum Herstellen einer lichtemittierenden
Vorrichtung, das umfasst:

Ausbilden einer Anode (102) auf einem Zwi-
schenschicht-Isolierfilm über einem Substrat;
Ausbilden einer Schicht (103), die mindestens
eine organische Verbindung umfasst, auf der
Anode (102); und
Ausbilden einer Kathode (104) auf der Schicht
(103), die mindestens eine organische Verbin-
dung umfasst,
wobei die Anode (102) aus einer Metallverbin-
dung eines Elements ausgebildet wird, das zu
einer der Gruppe 4, 5 und 6 des Periodensys-
tems gehört,
dadurch gekennzeichnet,
dass es ferner einen Schritt umfasst, bei dem
eine Oberfläche der Anode (102) einer UV-
Ozonbehandlung oder einer Plasmabehand-
lung unterzogen wird,

wobei die Austrittsarbeit der Anode (102) durch
die UV-Ozonbehandlung oder durch die Plas-
mabehandlung erhöht wird,
wobei die Anode eine lichtblockierende Fähig-
keit aufweist, und
wobei die Kathode aus einem lichtdurchlässigen
leitenden Film ausgebildet wird.

2. Verfahren zum Herstellen einer lichtemittierenden
Vorrichtung nach Anspruch 1, wobei die Anode elek-
trisch mit einem Dünnschichttransistor verbunden
ist, der unter dem Zwischenschicht-Isolierfilm aus-
gebildet ist.

3. Verfahren zum Herstellen einer lichtemittierenden
Vorrichtung nach Anspruch 1, das ferner die Schritte
umfasst:

Ausbilden eines Halbleiterfilms auf einem Iso-
lierfilm über dem Substrat;
Ausbilden einer Gate-Elektrode bei dem Halb-
leiterfilm, wobei ein Gate-Isolierfilm dazwischen
bereitgestellt ist;
Ausbilden des Zwischenschicht-Isolierfilms
über dem Halbleiterfilm und der Gate-Elektrode;
bevor der Schritt zum Ausbilden der Anode auf
dem Zwischenschicht-Isolierfilm durchgeführt
wurde.

4. Verfahren zum Herstellen einer lichtemittierenden
Vorrichtung nach Anspruch 3, wobei die Anode elek-
trisch mit dem Halbleiterfilm über ein Kontaktloch,
das durch den Zwischenschicht-Isolierfilm hindurch
gebildet ist, verbunden ist.

5. Verfahren zum Herstellen einer lichtemittierenden
Vorrichtung nach einem der Ansprüche 1 bis 4, wo-
bei die Anode eine Austrittsarbeit von 4,7 eV oder
mehr aufweist.

6. Verfahren zum Herstellen einer lichtemittierenden
Vorrichtung nach einem der Ansprüche 1 bis 5, wo-
bei die Anode ein Element ausgewählt aus der Grup-
pe bestehend aus Titannitrid, Zirkoniumnitrid, Titan-
carbid, Zirconiumcarbid, Tantalnitrid, Tantalcarbid,
Molybdännitrid und Molybdäncarbid umfasst.

Revendications

1. Méthode de fabrication d’un dispositif émetteur de
lumière comprenant les étapes de:

former une anode (102) sur un film isolant entre
couches au-dessus d’un substrat;
former une couche (103) comprenant au moins
un composé organique sur l’anode (102); et
former une cathode (104) sur la couche (103)
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comprenant au moins un composé organique,
dans laquelle l’anode (102) est formée d’un
composé de métal d’un élément qui appartient
à l’un des groupes 4, 5, et 6 dans le tableau
périodique,
caractérisée par
comprenant aussi une étape d’effectuer un trai-
tement UV-ozone ou un traitement plasma sur
une surface de l’anode (102);
dans laquelle le travail de sortie de l’anode (102)
est augmenté par le traitement UV-ozone ou par
le traitement plasma,
dans laquelle l’anode a une capacité de protec-
tion contre la lumière, et
dans laquelle la cathode est formée par un film
conducteur de transmission de lumière.

2. Méthode de fabrication d’un dispositif émetteur de
lumière selon la revendication 1, dans laquelle l’ano-
de est connectée électriquement à un transistor en
couches minces qui est formé sous le film isolant
entre couches.

3. Méthode de fabrication d’un dispositif émetteur de
lumière selon la revendication 1, comprenant aussi
les étapes de:

former un film semi-conducteur sur un film iso-
lant au-dessus du substrat;
former une électrode de grille adjacente au film
semi-conducteur avec un film isolant de grille
interposé entre l’électrode de grille et le film
semi-conducteur;
former le film isolant entre couches au-dessus
du film semi-conducteur et de l’électrode de
grille;
avant l’étape de former l’anode sur le film isolant
entre couches.

4. Méthode de fabrication d’un dispositif émetteur de
lumière selon la revendication 3, dans laquelle l’ano-
de est connectée électriquement au film semi-con-
ducteur via un trou de contact formé dans le film
isolant entre couches.

5. Méthode de fabrication d’un dispositif émetteur de
lumière selon l’une quelconque des revendications
1 à 4, dans laquelle l’anode a un travail de sortie de
4.7 eV ou plus.

6. Méthode de fabrication d’un dispositif émetteur de
lumière selon l’une quelconque des revendications
1 à 5, dans laquelle l’anode comprend l’un choisi
dans le groupe constitué d’un nitrure de titane, d’un
nitrure de zirconium, d’un carbure de titane, d’un car-
bure de zirconium, d’un nitrure de tantale, d’un car-
bure de tantale, d’un nitrure de molybdène, et d’un
carbure de molybdène.
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