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LIGHT EMITTING DEVICE HAVING
ORGANIC LIGHT EMITTING MATERIAL
WITH MIXED LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting device
using an organic light emitting element with a film contain-
ing an organic compound that emits light with application of
electric field (hereinafter referred to as organic compound
layer), as well as an anode and a cathode. Specifically, the
present invention relates to a light emitting device using an
organic light emitting element with lower drive voltage than
before and longer lifetime. The term light emitting device in
this specification refers to an image display device or a light
emitting device that employs as a light emitting element an
organic light emitting element. Also included in the defini-
tion of the light emitting device are a module in which a
connector, such as an anisotropic conductive film (FPC:
flexible printed circuit), a TAB (tape automated bonding)
tape, or a TCP (tape carrier package), is attached to an
organic light emitting element, a module in which a printed
wiring board is provided on the tip of a TAB tape or a TCP,
and a module in which an 1C (integrated circuit) is mounted
directly to an organic light emitting element by the COG
(chip on glass) method.

2. Description of the Related Art

An organic light emitting element is an element that emits
light when electric field is applied. Light emission mecha-
nism thereof is said to be as follows. A voltage is applied to
an organic compound layer sandwiched between electrodes
to cause recombination of electrons injected from the cath-
ode and holes injected from the anode at the luminescent
center in the organic compound layer and, when the resultant
molecular excitons release energy in the form of light
emission in returning to base state.

There are two types of molecular excitons from organic
compounds; one is for a singlet exciton state and the other
is for a triplet exciton state. This specification includes both
cases where the singlet excitation state causes light emission
and where the triplet excitation state causes light emission.

In an organic light emitting element as above, its organic
compound layer is usually a thin film with a thickness of less
than 1 pm. 1n addition, the organic light emitting element
does not need back light used in conventional liquid crystal
displays because it is a self-light emitting element and the
organic compound layer itself emits light. The organic light
emitting element therefore has a great advantage of being
manufactured as a very thin and light-weight device.

When the organic compound layer is about 100 to 200 nm
in thickness, for example, recombination takes place within
several tens nanoseconds based on the mobility of the
carriers in the organic compound layer. Even if the process
from carrier recombination to light emission is taken into
account, the organic light emitting element may be ready for
light emission within an order of microsecond. Accordingly,
fast response is also one of the features of the organic light
emitting element.

Since the organic light emitting element is of carrier
injection type, it can be driven with direct-current voltage
and noise is hardly generated. Regarding driving voltage, a
report says that a sufficient luminance of 100 cd/m* is
obtained at 5.5 V by using a very thin film with a uniform
thickness of about 100 nm for the organic compound layer,
choosing an electrode material which is capable of lowering
a carrier injection barrier against the organic compound
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layer, and introducing the hetero structure (laminate struc-
ture) (Reference 1: C. W. Tang and S. A. VanSlyke, “Organic
electroluminescent diodes”, Applied Physics Letters, vol.
51, no. 12, 913-915 (1987)).

With those features, including being thin and light-
weight, fast response, and direct-current low voltage driv-
ing, an organic light emitting element is attracting attention
as a next-generation flat panel display element. 1n addition,
for being self-light emitting device with a wide viewing
angle, the organic light emitting element has better visibility
and is considered as effective when used for display screens
of electric appliances.

In the organic light emitting element disclosed in Refer-
ence 1, the carrier injection barrier is lowered by using a
Mg:Ag alloy that is low in work function and is relatively
stable as the cathode so that more electrons are injected. This
makes it possible to inject a large number of carriers into the
organic compound layer.

Further, a single hetero structure, in which a hole trans-
porting layer formed of diamine compound and an electron
transporting light emitting layer formed of tris(8-quinolino-
late) aluminum complex (hereinafter referred to as Alg;) are
layered as the organic compound layer, is adopted to
improve the carrier recombination efficiency exponentially.
This is explained as follows.

In the case of an organic light emitting element in which
an organic compound layer consists of a single layer of Alg,
for example, most of electrons injected from a cathode reach
the anode without being recombined with holes and the light
emission efliciency is very low. In short, a material that can
transport electrons and holes both in balanced amounts
(hereinafter referred to as bipolar material) has to be used in
order that a single layer organic light emitting element can
emit light efficiently (i.e., in order to drive at low voltage),
and Alq, does not meet the requirement.

On the other hand, when the single hetero structure
(two-layer structure) as in Reference 1 is adopted, electrons
injected from the cathode are blocked at the interface
between the hole transporting layer and the electron trans-
porting light emitting layer and trapped in the electron
transporting light emitting layer. Recombination of the car-
riers thus takes place in the electron transporting light
emitting layer with high efficiency, resulting in efficient light
emission.

Expanding this idea of carrier blocking function, it is
possible to control the carrier recombination region. To give
an example, there is a report of success in making a hole
transporting layer to emit light by inserting a layer that can
block holes (hole blocking layer) between the hole trans-
porting layer and an electron transporting layer and trapping
the holes in the hole transporting layer. (Reference 2:
Yasunori KI1JIMA, Nobutoshi ASAl and Shin-ichiro
TAMURA, “A Blue Organic Light Emitting Diode”, Japa-
nese Journal of Applied Physics, vol. 38, 5274-5277
(1999)). A hole blocking layer formed of a material as shown
in Reference 2 has an excitation energy higher than that of
a light emitting layer and therefore also prevents molecular
excitons from diffusing.

It can be said that the organic light emitting element in
Reference 1 is characterized by separation of functions in
which the hole transporting layer is assigned to transport
holes and the electron transporting light emitting layer is
assigned to transport electrons and emit light. The idea of
separating functions has been expanded until a method is
proposed in which three types of functions of hole trans-
portation, electron transportation, and light emission are
conducted by three different materials. With this method, a
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material that scores poorly in carrier transportation but is
high in light emission efficiency can be used as a light
emitting material and the light emission efficiency of the
organic light emitting element is accordingly improved.

The typical method thereof is pigment doping (Reference
3: C. W. Tang, S. A. VanSlyke, and C. H. Chen, “Electrolu-
minescence of doped organic thin films”, Journal of Applied
Physics, vol. 65, no. 9, 36103616, (1989)). As shown in
FIG. 13A, in a single hetero structure provided with a hole
transporting layer 1101 and an electron transporting layer
1102 (1102 also serves as a light emitting layer), the electron
transporting layer 1102 is doped with a pigment 1103 to give
emitted light the color of the pigment 1103. The hole
transporting layer 1101 side may instead be doped with the
pigment 1103.

In contrast to this, there is a double hetero structure
(three-layer structure) in which a light emitting layer is
sandwiched between a hole transporting layer and an elec-
tron transporting layer as shown in FIG. 13B (Reference 4:
Chihaya ADACHI, Shizuo TOKITO, Tetsuo TSUTSUI and
Shogo SAITO, “Electroluminescence in Organic Films with
Three-layered Structure”, Japanese Journal of Applied Phys-
ics, Vol. 27, No. 2, 1.269-1.271 (1988)). In this method,
holes are injected from the hole transporting layer 1101 to a
light emitting layer 1104 and electrons are injected from an
electron transporting layer 1102 to the light emitting layer
1104. Therefore, recombination of the carriers takes place in
the light emitting layer 1104 and light with the color of the
material used as the light emitting layer 1104 is emitted.

An advantage of separating functions is an increased
degree of freedom in molecule design and the like since the
separation of functions saves one organic material from
bearing various functions (such as light emission, carrier
transportation, and injection of carriers from electrodes)
simultaneously (for instance, the separation of functions
makes the effort to find a bipolar material unnecessary). In
other words, high light emission efficiency can easily be
obtained by simply combining a material excellent in light
emission characteristic with a material excellent in carrier
transportation ability.

Because of these advantages, the idea itself of laminate
structure described in References 1 to 4 (carrier blocking
function or separation of functions) continues to be utilized
widely.

However, the laminate structures as described above are
joining different substances and thus cannot avoid energy
barriers formed at interfaces. The energy barriers block
movement of carriers at the interfaces and raise the follow-
ing two problems.

One problem is that the energy barriers are pullback in
further lowering drive voltage. In fact, a report says that, as
for current organic light emitting element, an element with
a single layer structure using a conjugate system polymer is
superior in terms of drive voltage to an element with a
laminate structure and hold the top data in power efliciency
(unit: Im/w) (note that comparison made in the report is for
light emission from singlet excitation and the report does not
deal with light emission from triplet excitation) (Reference
5: Tetsuo Tsutsui, “Journal of Organic Molecular Electronics
and Bioelectronics Division of The Japan Society of Applied
Physics”, vol. 11, no. 1, p. 8 (2000)).

The conjugate system polymers mentioned in Reference 5
are bipolar materials and can provide the same level of
carrier recombination efficiency as the materials in the
laminate structures. Therefore, the drive voltage is actually
lower in the single layer structure that has less interfaces
than in the laminate structures if the single layer structure
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can provide the same level of carrier recombination effi-
ciency by using a bipolar material or by other methods
without using the laminate structure.

For example, drive voltage can be lowered by inserting a
material that can lower an energy barrier at the interface with
an electrode in order that more carriers can be injected
(Reference 6: Takeo Wakimoto, Yoshinori Fukuda, Kenichi
Nagayama, Akira Yokoi, Hitoshi Nakada, and Masami
Tsuchida, “Organic EL Cells Using Alkaline Metal Com-
pounds as Electron Injection Materials”, IEEE TRANSAC-
TIONS ON ELECTRON DEVICES, vol. 44, no. §,
1245-1248 (1997)). In Reference 6, drive voltage has suc-
cessfully been lowered by using LiO, for an electron injec-
tion layer.

However, issues regarding the mobility of carriers
between organic materials (between a hole transporting
layer and a light emitting layer, for example, and hereinafter
referred to as ‘between organic layers’) have not been solved
yet and are considered as the key to catch up to low drive
voltage of the single layer structure.

The other problem caused by the energy barriers is an
influence on the element lifetime of the organic light emit-
ting element. In other words, the luminance is lowered by
inhibited carrier injection and the resultant accumulation of
charges.

Although there is no theory that explains the mechanism
of this degradation clearly, a report says that lowering of
luminance can be limited by inserting a hole injection layer
between an anode and a hole transporting layer and by ac
driving at square wave instead of dc driving (Reference 7: S.
A. VanSylke, C. H. Chen, and C. W. Tang, “Organic elec-
troluminescent devices with improved stability”, Applied
Physics Letters, Vol. 69, No. 15, 2160-2162 (1996)). This is
verification by experiments, that lowering of luminance can
be limited by avoiding accumulation of charges through
insertion of a hole injection layer and ac driving.

Concluded from the above is that the laminate structures
can readily enhance the carrier recombination efficiency and
can widen the choice of materials from the standpoint of
separation of functions, however, on the other hand, hinder
movement of carriers and influence drive voltage and low-
ering of luminance because there are many interfaces
between many organic layers.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above, and an object of the present invention is therefore to
provide an organic light emitting element that is lower in
drive voltage and longer in element lifetime than conven-
tional one by lowering energy barriers between organic
layers while utilizing the advantages of the laminate struc-
tures (carrier blocking function or separation of functions)
which have conventionally been used.

Another object of the present invention is to provide a
light emitting device that is lower in drive voltage and longer
in lifetime than conventional one by employing this organic
light emitting element. Still another object of the present
invention is to provide an electric appliance that consumes
less power and lasts longer duration compared to prior art by
manufacturing it using this light emitting device.

The doping of a pigment 1103 method as in FIG. 13A has
such a merit that it allows an organic light emitting element
to use a material that does not emit light when it is solid but
is observed to emit light only when dispersed in a solution
at a low concentration (e.g., quinacridon). Accordingly, the
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method can be regarded as effective for light emitting
materials that are liable to concentration quenching.

A demerit of the method is that the amount of pigment
used in doping is usually very small (less than 1 wt % in
some cases) and control of evaporation amount is difficult if
the organic light emitting element is manufactured by the
widely employed vacuum evaporation. The light emission
efficiency is particularly responsive to changes in amount of
pigment used for doping, and it is conceivable that the light
emission efficiency fluctuates between elements manufac-
tured by vacuum evaporation.

Further, pigment is the guest in the pigment doping
method. In this case, the difference in energy between the
highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) (hereinafter referred
to as excitation energy level) of the host material has to be
larger than the excitation energy level of the guest. In
addition, the host has to be good at transporting carriers. It
is more desirable that the maximum emission wavelength of
the host matches the maximum absorption wavelength of the
guest to enhance the light emission efficiency.

However, the host in relation to a blue colored guest, for
example, is required to have a far larger excitation energy
level than short wavelength visible light such as blue light
and therefore the choice of host materials is very limited.
Regarding the host for a red colored guest, no material that
meets all of the above requirements has ever been found. It
is another demerit of the pigment doping method that a host
material optimum for the pigment used in doping has to be
selected.

Considering the above, the double hetero structure as the
one in FIG. 13B (hole transporting layer+light emitting
layer+electron transporting layer) may be preferred.
Although one that can emit light even in its solid state has
10 be chosen (in other words, concentration quenching
materials cannot be used) as the material of the light emitting
layer, the ability of transporting a large number of carriers is
not always necessary. Therefore the choice of materials is
relatively large.

However, the double hetero structure as shown in FIG.
13B 1is joining three different substances, and there are
interfaces (hereinafter referred to as organic interface)
between every two layers (between the hole transporting
layer 1101 and the light emitting layer 1104, and between the
electron transporting layer 1102 and the light emitting layer
1104). Accordingly, the structure suffers from the above-
described two problems caused by organic interfaces.

To summarize, the double hetero structure as in FIG. 13B
has a big merit of being capable of separating functions
without using the pigment doping method, however, on the
other hand, has organic interfaces at both edges of the light
emitting layer to hinder movement of carriers into the light
emitting layer and greatly influence drive voltage and ele-
ment lifetime.

It is therefore an object of the present invention to
particularly enhance the mobility of carriers by removing
organic interfaces in the double hetero structures that have
conventionally been used and, at the same time, to utilize the
idea of separation of functions in the double hetero struc-
tures to express the respective functions (hereinafter referred
to as function expression). Another object of the present
invention is to thereby provide an organic light emitting
element that is lower in drive voltage and longer in element
lifetime than conventional one.

Still another object of the present invention is to provide
a light emitting device that is lower in drive voltage and
longer in lifetime than conventional one by employing this
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organic light emitting element. Yet still another object of the
present invention is to provide an electric appliance that
consumes less power and lasts longer duration compared to
prior art by manufacturing it using this light emitting device.

As a model for blocking of carrier movement by organic
interfaces, the present inventors have thought of the follow-
ing two mechanisms.

One mechanism involves morphology of organic inter-
faces. An organic compound film in an organic light emitting
element is usually an amorphous film, which is formed from
organic compound molecules aggregated by intermolecular
forces, mainly, dipole interaction. When a hetero structure is
built using such aggregation of molecules, however, differ-
ences in size and shapes of molecules could greatly influ-
ence interfaces (namely, organic interfaces) of the laminate
structure.

If the laminate structure is built using materials that have
large difference in molecule size, in particular, the conform-
ance in joining in organic interfaces can be poor. A concep-
tual diagram thereof is shown in FIG. 14. In FIG. 14, a first
layer 1411 consisting of small molecules 1401 and a second
layer 1412 consisting of large molecules 1402 are layered. In
this case, poor conformance regions 1414 are formed at an
organic interface 1413 between the layers 1411 and 1412.

The poor conformance regions 1414 shown in FIG. 14
could act as barrier (or energy barrier) that blocks movement
of carriers and therefore could be an opposition to lowering
drive voltage. Further, carriers that cannot cross the energy
barrier accumulate as charges and can induce lowering of
luminance as described above.

The other mechanism involves the process of building the
laminate structure (i.e., forming organic interfaces). The
organic light emitting element with the laminate structure is
usually manufactured by multi-chamber type (in-line type)
evaporation appatatus as the one shown in FIG. 15 in order
to avoid contamination in forming the respective layers.

The example shown in FIG. 15 is a conceptual diagram of
evaporation apparatus for making the double hetero struc-
ture that is composed of a hole transporting layer, a light
emitting layer, and an electron transporting layer. First, a
substrate with an anode (formed of, e.g., indium tin oxide
(hereinafter referred to as ITO)) is brought into a loading
chamber. The substrate is irradiated with ultraviolet rays in
a vacuum atmosphere in an ultraviolet ray irradiation cham-
ber to clean the anode surface. When the anode is an oxide
such as ITO in particular, oxidization treatment is conducted
in a pretreatment chamber. Then the layers of the laminate
structure are formed. The hole transporting layer is formed
in an evaporation chamber 1501, the light emitting layers
(red, green, and blue layers in FIG. 15) are formed in
evaporation chambers 1502 to 1504, and the electron trans-
porting layer is formed in an evaporation chamber 1505. A
cathode is formed by evaporation in an evaporation chamber
1506. Lastly, sealing is conducted in a sealing chamber and
the substrate is taken out of an unloading chamber to obtain
the organic light emitting element. Symbols 1511 to 1516
denote evaporation sources.

The in-line type evaporation apparatus above is charac-
terized in that different layers are formed by evaporation in
different chambers 1501 to 1505. In other words, the appa-
ratus is structured such that mixing of materials of the layers
is avoided almost completely.

Although the pressure in the interior of the evaporation
apparatus is usually reduced to about 10™* to 10~ pascal,
there are minute amounts of gas components (such as
oxygen and water). It is said that, with the vacuum of this
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degree, these minute amounts of gas components can readily
form a monomolecular adsorption layer within a few sec-
onds.

Accordingly, when the organic light emitting element
with the laminate structure is manufactured using the appa-
ratus as in FIG. 15, the problem is a large interval between
formation of one layer and formation of another layer. In
other words, an undesirable adsorption layer due to a minute
amount of gas components (hereinafter referred to as impu-
rity layer) might be formed in an interval between formation
of layers, especially when the substrate is transferred
through a second transferring chamber.

Aconceptual diagram thereofis shown in FIG. 16. In FIG.
16, an impurity layer 1613 is being formed from a minute
amount of impurities 1603 (such as water and oxygen)
between a first layer 1611 formed of a first organic com-
pound 1601 and a second layer 1612 formed of a second
organic compound 1602 when the second layer is layered on
the first layer.

Impurity layers are formed between the layers (namely
organic interfaces) in this way and, serve as impurity regions
that trap carriers after the organic light emitting element is
completed, thereby blocking movement of the carriers and
raising drive voltage. Furthermore, the presence of the
impurity regions that trap carriers leads to accumulation of
charges, and therefore lowering of luminance as described
above could be induced.

Considering such structure, the present inventors have
devised a measure shown in FIGS. 1B and 1D as a method
1o solve the above-mentioned problems. The measure is, in
the case where an organic compound layer (1) 102 and an
organic compound layer (2) 103 are layered between an
anode 101 and a cathode 104 of an organic light emitting
element, a structure (FIG. 1B) in which a mixed layer 105
containing both the material that constitutes the organic
compound layer (1) 102 and the material that constitutes the
organic compound layer (2) 103 is formed between the
organic compound layer (1) 102 and the organic compound
layer (2) 103. The structure (FIG. 1B) is a replacement of the
conventional laminate structure (FIG. 1A) in which a defi-
nite interface exists. The term mixed layer here includes a
region containing both the material that constitutes the
organic compound layer (1) 102 and the material that
constitutes the organic compound layer (2) 103 even if its
interfaces with the organic compound layer (1) 102 and with
the organic compound layer (2) 103 are not clear.

The element as this substantially has no organic interfaces
of the conventional laminate structures described above. The
aforementioned problems caused by organic interfaces (de-
graded organic interface morphology and formation of
impurity layers) can therefore be solved.

First, how degradation of organic interface morphology is
solved is explained with reference to FIG. 20. FIG. 20 is a
sectional view of an organic compound film composed of a
region 1811, a region 1812, and a mixed region 1813. The
region 1811 consists of small molecules 1801. The region
1812 consists of large molecules 1802. The mixed region
1813 contains both the small molecules 1801 and large
molecules 1802. As is apparent from FIG. 20, there are no
organic interfaces 1413 present in FIG. 14, nor poor con-
formance regions 1414.

How the problem of formation of impurity layers is
solved is simple and obvious. When an organic light emit-
ting element as FIG. 17 is to be manufactured, a hole
transporting material is deposited on an anode by evapora-
tion and, a light emitting material is additionally deposited
by coevaporation to form a first mixed region before the
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deposition is completed. After the first mixed region is
completed, deposition of the hole transporting material by
evaporation is stopped and only deposition of the light
emitting material by evaporation is continued. Subsequent
steps are similar to this and one or two materials are
continuously deposited by evaporation without forming
organic interfaces until an electron transporting region is
completed. Accordingly, there is no interval that is usually
present when an organic light emitting element is manufac-
tured using the evaporation apparatus as the one in FIG. 15.
In short, there is no time to form impurity layers.

By employing the structure shown in FIG. 1B, the energy
barrier between organic layers is lowered compared to the
conventional structure shown in FIG. 1A and more carriers
can be injected. Specifically, the energy band diagram for the
structure of FIG. 1A is as shown in FIG. 1C whereas the
energy band diagram for the structure of FIG. 1B, in which
a mixed layer is provided between organic layers, is as
shown in FIG. 1D. FIGS. 1C and 1D show that the energy
barrier between organic layers can be lowered by building a
continuous joint structure to create a continuous energy
change. Accordingly, drive voltage can be lowered and
lowering of luminance can be prevented.

From the above, a light emitting device according to the
present invention has an organic light emitting element
including at least a first layer that is composed of an organic
compound and a second layer that is composed of an organic
compound different from the organic compound that con-
stitutes the first layer, and is characterized in that a mixed
layer containing the organic compound that constitutes the
first layer and the organic compound that constitutes the
second layer both is provided between the first layer and the
second layer.

Combinations of the first layer and the second layer
described above are shown in Table 1. A single combination
(for example, Combination A alone) or plural combinations
(for example, Combinations A and B both) out of Combi-
nations A to E may be introduced.

Table 1

If Combinations C and D are both introduced (in other
words, if the light emitting layer has a mixed layer on both
sides thereof), the light emission efficiency can further be
enhanced by preventing diffusion of molecular excitons
formed in the light emitting layer. Therefore the excitation
energy of the light emitting layer is preferably lower than the
excitation energy of the hole transporting layer and lower
than the excitation energy of the electron transporting layer.
In this case, a light emitting material with poor carrier
transporting ability can be used as the light emitting layer to
advantageously widen the choice of materials. The term
excitation energy in this specification refers to the difference
in energy between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) of a molecule.

More desirably, the light emitting layer is composed of a
host material and a light emitting material (dopant) that has
an excitation energy lower than that of the host material, so
that the excitation energy of the hole transporting layer and
the excitation energy of the electron transporting layer
respectively exceed the excitation energy of the dopant. This
prevents molecular exciton of the dopant from diffusing and
makes the dopant to emit light effectively. Carrier recom-
bination efficiency is also enhanced if the dopant is a carrier
trapping type material.

In the present invention described above, joining the
mixed layer continuously is considered effective as a mea-
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sure to further enhance the mobility of carriers. The mixed
layer is preferably formed to have concentration gradient.
Accordingly, the present invention is characterized in that
the mixed layer has concentration gradient.

The present inventors have further devised a measure to
provide an organic light emitting element in which organic
interfaces of the double hetero structure are removed while
making the function expression possible. A conceptual dia-
gram thereof is shown in FIG. 17. Although an anode 1702
is placed on a substrate 1701 in FIG. 17, the structure may
be reversed to place a cathode 1704 on the substrate.

In the element of FIG. 17, an organic compound film 1703
containing a hole transporting material, a light emitting
material, and an electron transporting material is provided
with a hole transporting region 1705, a light emitting region
1706, and an electron transporting region 1707. The hole
transporting region 1705 consists of a hole transporting
material. The light emitting region 1706 consists of a light
emitting material. The electron transporting region 1707
consists of an electron transporting material. As a charac-
teristic of the present invention, the organic compound film
1s further provided with a first mixed region 1708 in which
the hole transporting material and the light emitting material
are mixed and a second mixed region 1709 in which the
electron transporting material and the light emitting material
are mixed.

FIGS. 18 and 19 show examples of the concentration
profile in the film thickness direction in the element of FIG.
17. Shown in FIG. 18 is the profile when the composition
ratio of the hole transporting material and the light emitting
material in the first mixed region 1708 is x:z, and is constant
whereas the composition ratio of the electron transporting
material and the light emitting material in the second mixed
region 1709 is y:z, and is constant. FIG. 19 shows the profile
when the first mixed region 1708 and the second mixed
region 1709 have concentration gradient.

The element of FIG. 17 also has no organic interfaces, and
therefore carriers move smoothly and drive voltage as well
as element lifetime are not affected as described above.
Furthermore, the element has no problem in terms of light
emission efliciency because of separation of functions as in
the conventional double hetero structure.

In contrast to the conventional hetero structure (laminate
structure) that is a simple joining different substances (het-
ero junction), the structure of the present invention is what
can be called a mixed junction and it provides an organic
light emitting element based on a novel concept.

Therefore a light emitting device according to the present
invention has an organic light emitting element with an
organic compound film interposed between an anode and a
cathode, the organic compound film contains a hole trans-
porting material, an electron transporting material, and a
light emitting material, and the light emitting device is
characterized in that the organic compound film is composed
of a hole transporting region, a first mixed region, a light
emitting region, a second mixed region, and an electron
transporting region that are connected in the order, the hole
transporting region is nearest to the anode and the electron
transporting region is nearest to the cathode, the hole trans-
porting region contains the hole transporting material, the
first mixed region contains both the hole transporting mate-
rial and the light emitting material, the light emitting region
contains the light emitting material, the second mixed region
contains both the electron transporting material and the light
emitting material, the electron transporting region contains
the electron transporting material.
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As shown in FIG. 21A, a hole injecting region 1710
formed of a material that increases the number of holes
injected (hereinafter referred to as hole injecting material)
may be inserted between the anode 1702 and the organic
compound film 1703. Alternatively, an electron injecting
region 1711 formed of a material that increases the number
of electrons injected (hereinafter referred to as electron
injecting material) may be inserted between the cathode
1704 and the organic compound film 1703 as shown in FIG.
21B. Both the hole injecting region and the electron inject-
ing region may be employed simultaneously.

In those cases, the hole injecting material or the electron
injecting material is a material for lowering the barrier in
injecting carriers from an electrode to the organic compound
film and therefore has effects of smoothing movement of the
carriers from the electrode to the organic compound film and
avoiding accumulation of charges. However, from the stand-
point of avoiding formation of impurity layers as described
above, the injecting material is formed into a film without
putting an interval before or after forming the organic
compound film.

The organic light emitting element of the present inven-
tion described above may have a light emitting region in
which a host material is doped with a light emitting material.
Specifically, as shown in FIG. 22, an organic compound film
11003 contains a hole transporting material, an electron
transporting material, a light emitting material, and a host
material that serves as a host to the light emitting material,
and is provided with a hole transporting region 11005, a light
emitting region 11006, and an electron transporting region
11007. The hole transporting region consists of the hole
transporting material. The light emitting region contains the
host material doped with a light emitting material 11012.
The electron transporting region consists of the electron
transporting material. This organic compound film is, as a
characteristic of the present invention, further provided with
a first mixed region 11008 in which the hole transporting
material and the host material are mixed and a second mixed
region 11009 in which the electron transporting material and
the host material are mixed.

This element has such a demerit that controlling of the
amount of the light emitting material 11012 used in doping
is difficult as explained referring to FIG. 13A. However,
there is a merit of wide choice of host materials because the
ability of transporting a large number of carriers is not so
necessary compared to the structure of FIG. 13A. Since the
host material is doped with the light emitting material 11012,
this element is also effective in preventing carriers from
passing the light emitting region without stopping, which
usually is likely to occur when the thickness of the light
emitting region 11006 is reduced in order to lower drive
voltage.

In the element of FIG. 22, a hole injecting region 11010
formed of a hole injecting material may be inserted between
an anode 11002 and the organic compound film 11003.
Alternatively, an electron injecting region 11011 formed of
an electron injecting material may be inserted between a
cathode 11004 and the organic compound film 11003. It is
also possible to employ both the hole injecting region and
the electron injecting region simultaneously. Shown in FIG.
22 is an example of forming the hole injecting region 11010
and the electron injecting region 11011 both.

When the hole injecting region is provided in the organic
light emitting element described above, it is particularly
preferable to use a material with the p type conductivity. As
an example thereof, a method may be employed in which a
o-electron conjugate system organic compound is doped
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with Lewis acid to improve the conductivity. From the
standpoint of film formation method, it is preferred to use a
polymeric compound that can be formed into a film by wet
application. Preferable Lewis acid is a compound that con-
tains a halogen element such as iodine.

When the electron injecting region is provided in the
organic light emitting element described above, it is par-
ticularly preferable to use a material having the n type
conductivity. As an example thereof, a method may be
employed in which a ¢-electron conjugate system organic
compound is doped with Lewis base to improve the con-
ductivity. Preferable Lewis base is a compound that contains
an alkaline metal element such as cesium.

In recent years, organic light emitting elements that can
convert energy discharged in returning from triplet excita-
tion to base state (hereinafter referred to as triplet excitation
energy) into light emission, have been attracting attention
because of their high light emission efficiency (Reference 8:
D. F. O’Brien, M. A. Baldo, M. E. Thompson and S. R.
Forrest, “Improved energy transfer in electrophosphorescent
devices”, Applied Physics Letters, vol. 74, no. 3, 442-444
(1999)) (Reference 9: Tetsuo TSUTSUL, Moon-Jae YANG,
Masayuki YAHIRO, Kenji NAKAMURA, Teruichi
WATANABE, Taishi TSUJI, Yoshinori FUKUDA, Takeo
WAKIMOTO and Satoshi MIYAGUCHI, “High Quantum
Efficiency in Organic Light-Emitting Devices with Iridium-
Complex as a Triplet Emissive Center”, Japanese Journal of
Applied Physics, vol. 38, L1502-1L.1504 (1999)).

A metal complex with platinum as central metal is used in
reference 8 and a metal complex with iridium as central
metal is used in Reference 9. These organic light emitting
elements that can convert triplet excitation energy into light
emission (hereinafter referred to as triplet light emission
elements) can emit light with higher luminance and higher
light emission efficiency than conventional ones.

However, according to the report of Reference 9, the
period of half decay of the luminance is about 170 hours
when the initial [uminance is set to 500 cd/m? and this is not
a satisfiable element lifetime. Probably, the reason for short
element lifetime of triplet light emission elements is that
necessity of a proper host material for a light emitting
material as well as a blocking material for preventing
molecular exciton from diffusing leads to form a multi-layer
structure and many organic interfaces.

Then the idea of the present invention, namely, introduc-
ing a mixed layer between organic layers, is applied to a
triplet light emission element. The thus obtained element
emits light from triplet excitation not only with high lumi-
nance and high light emission efficiency but also with a long
element lifetime to be made a very highly functional light
emitting element.

Triplet molecular excitons are larger in diffusion length
than singlet molecular excitons and therefore need a material
that plays a role similar to the role of a blocking material (in
general, a material with an excitation energy level larger
than that of a molecular exciton of the light emitting seed is
appropriate). Considering the element structure, it is pref-
erable that an electron transporting material takes the role.

The first mixed region and the second mixed region that
are employed by the organic light emitting element of the
present invention described above may have concentration
gradient as shown in FIG. 19. This is more desirable because
it is expected that the concentration gradient can remove
energy barriers against carriers at both edges of the light
emitting region almost completely.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1D are diagrams illustrating a mixed layer in
the present invention;

FIGS. 2A and 2B are diagrams illustrating concentration
gradient in a mixed layer;

FIGS. 3A to 3D are diagrams illustrating formation of a
mixed layer:

FIG. 4 is a diagram illustrating the element structure in an
organic light emitting element according to the present
invention;

FIG. 5 is a diagram illustrating the element structure in an
organic light emitting element according to the present
invention;

FIG. 6 is a diagram illustrating the element structure in an
organic light emitting element according to the present
invention;

FIGS. 7A to 7D are diagrams illustrating a manufacture
process;

FIGS. 8A to 8C are diagrams illustrating a manufacture
process;

FIGS. 9A to 9C are diagrams illustrating a manufacture
process;

FIGS. 10A and 10B are diagrams illustrating a sealing
structure of a light emitting device;

FIG. 11 is a sectional view illustrating a light emitting
device;

FIGS. 12A to 12H are diagrams showing examples of an
electric appliance;

FIGS. 13A and 13B are diagrams showing a conventional
organic light emitting element;

FIG. 14 is a diagram showing a state of an organic
interface;

FIG. 15 is a diagram showing evaporation apparatus;

FIG. 16 is a diagram showing formation of an impurity
layer;

FIG. 17 is a diagram showing the structure of an organic
light emitting element;

FIG. 18 is a diagram showing the concentration profile;

FIG. 19 is a diagram showing the concentration profile;

FIG. 20 is a diagram showing a state of a mixed region;

FIGS. 21A and 21B are diagrams showing the structure of
an organic light emitting element;

FIG. 22 is a diagram showing the structure of an organic
light emitting element;

FIGS. 23A and 23B are diagrams showing evaporation
apparatus;

FIGS. 24A and 24B are diagrams showing the sectional
structure of a light emitting device;

FIG. 25 is a diagram showing the sectional structure of a
light emitting device;

FIGS. 26A and 26B are diagrams showing the sectional
structure of a light emitting device;

FIGS. 27A and 27B are diagrams respectively showing
the top structure and the sectional structure of a light
emitting device;

FIG. 28 is a diagram showing the top structure and the
sectional structure of a light emitting device;

FIGS. 29A t0 29C are diagrams of a light emitting device
with FIG. 29A showing the top structure thereof and FIGS.
29B and 29C showing the sectional structure thereof;

FIGS. 30A and 30B are diagrams schematically showing
a light emitting device that uses color filters;

FIGS. 31A and 31B are diagrams schematically showing
a light emitting device that uses color conversion layers;
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FIGS. 32A and 32B are diagrams showing the structure of
a light emitting device;

FIGS. 33A and 33B are diagrams showing the structure of
a light emitting device;

FIGS. 34A to 34C are diagrams showing the structure of
a light emitting device;

FIGS. 35A to 35F are diagrams showing specific
examples of an electric appliance;

FIGS. 36A and 36B are diagrams showing specific
examples of an electric appliance; and

FIG. 37 is a diagram showing an example of an active
matrix type constant-current driving circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A method of manufacturing an organic light emitting
element according to the present invention will be described
with reference to FIGS. 2A and 2B and FIGS. 3A to 3D.

First, an anode 201 is formed on a substrate 200 by
sputtering or evaporation. On the anode 201, an organic
compound layer (1) 202 is formed. The organic compound
layer (1) 202 is formed using an organic compound 1 by
vacuum evaporation.

A mixed layer 205 is formed next. The mixed layer 205
1s formed, by coevaporation under vacuum, using the mate-
rial that constitutes the organic compound layer (1) 202 (the
organic compound 1) and a material that later constitutes an
organic compound layer (2) 203 (an organic compound 2).
Coevaporation is an evaporation method in which evapora-
tion cells are simultaneously heated to mix different sub-
stances during film formation.

When a mixed layer is formed using a plurality of organic
compounds by coevaporation, the concentrations of the
respective organic compounds contained in the mixed layer
can be controlled. FIG. 2B shows an example of the case
where the organic compound 1 and the organic compound 2
contained in the mixed layer 205 have concentration gradi-
ent.

Shown in FIG. 2B is the relation between the ratio of the
plural organic compounds in the mixed layer (concentration:
%) and the distance from the mixed layer to the organic
compound layers that are in contact with the mixed layer. In
FIG. 2B, the axis of abscissa indicates the concentration (%)
of the organic compounds contained in the mixed layer 205
and the axis of ordinate indicates the distance from the
mixed layer 205 to the organic compound layer (1) 202 and
the organic compound layer (2) 203 that are in contact with
the mixed layer.

In the mixed layer 205 shown in FIG. 2B, the concentra-
tion of the organic compound 1 used to form the organic
compound layer (1) 202 is nearly 100% in the vicinity of the
interface between the mixed layer 205 and the organic
compound layer (1) 202. This concentration declines as the
distance from the organic compound layer (1) 202 is
increased and reaches almost 0% in the vicinity of the
interface between the mixed layer 205 and the organic
compound layer (2) 203. The concentration of the organic
compound 2 used to form the organic compound layer (2)
203 behaves in a reversed mannet, and rises as the distance
from the organic compound layer (1) 202 is increased to
approach 100% in the vicinity of the interface between the
mixed layer 205 and the organic compound layer (2) 203.

By introducing gradient to the concentration of the mate-
rials that constitute the mixed layer 205 as described above,
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the mixed layer 205 can lower energy barriers between
organic layers. It is therefore effective in improving the
mobility of carriers.

On the mixed layer 205, the organic compound layer (2)
203 is formed. The material of the organic compound layer
(2) 203 is the organic compound 2 and the compound is
formed into a film by evaporation under vacuum.

A laminate structure composed of organic compounds is
completed through the above steps. Thereafter, a cathode is
formed by evaporation or sputtering to complete the organic
light emitting element.

Now, detailed descriptions will be given with reference to
FIGS. 3A to 3D on how the organic compound layers (the
organic compound layer (1) 202 and the organic compound
layer (2) 203) and the mixed layer are formed. In FIGS. 3A
to 3D, components identical with those in FIGS. 2A and 2B
are denoted by the same symbols.

In FIG. 3A, the anode 201 is formed on the substrate 200
and the organic compound layer (1) 202 is formed on the
anode 201 from the organic compound 1. The organic
compound layer (1) 202 is formed by evaporation in a film
forming chamber as shown in FIG. 3D. In a film forming
chamber 310, a substrate on which a film is to be formed is
placed on a fixing base 311 and evaporation is performed on
the substrate while being fixed or rotated.

In FIG. 3D, the film forming chamber 310 is provided
with a plurality of sample chambers. Each sample chamber
contains an organic compound for forming an organic com-
pound layer. Shown in FIG. 3D is the case in which there are
two sample chambers, but the number of sample chambers
may be three or more.

A sample chamber (a) 312 in FIG. 3D contains an organic
compound 1 (316). That is, when a shutter (a) 314 provided
in the sample chamber (a) 312 is opened, the organic
compound 1 (316) serves as an evaporation source to form
the organic compound layer (1) 202.

Next, the mixed layer 205 is formed as shown in FIG. 3B.
The mixed layer 205 uses as evaporation sources the organic
compound 1 (316) contained in the sample chamber (a) 312
and an organic compound 2 (317) contained in a sample
chamber (b) 313. The shutter (a) 314 provided in the sample
chamber (a) 312 and a shutter (b) 315 provided in the sample
chamber (b) 313 are opened and the organic compound 1
(316) and the organic compound 2 (317) used as the evapo-
ration sources are formed into a film by coevaporation.

If the concentrations of the organic compounds in the
mixed layer are to be controlled as described above, opening
of the shutter (a) 314 and the shutter (b) 315 is adjusted to
obtain the concentration gradient of the mixed layer shown
i FIG. 2B.

Next, the shutter (a) 314 of the sample chamber (a) 312
is closed while the shutter (b) 315 of the sample chamber (b)
313 is kept opened. The organic compound layer (2) 203 is
thus formed with the organic compound 2 as the evaporation
source (FIG. 3C).

The organic compound layer of the organic light emitting
element is formed as a laminate of plural organic compound
layers such as a hole injecting layer, a hole transporting
layer, a light emitting layer, a hole blocking layer, an
electron transporting layer, and an electron injecting layer in
order to handle different functions. If a mixed layer is to be
formed at the interface between organic compound layers,
the position of the mixed layer to be formed is important in
designing the element structure of an organic light emitting
element since the laminate structure varies among organic
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light emitting elements. Then detailed descriptions will be
given below about organic light emitting elements with
specific element structures.

[Embodiment Mode 1]

Embodiment Mode 1 describes a case of forming mixed
layers at interfaces of organic compound layers with a light
emitting layer in an organic light emitting element that has
an organic compound layer 403 between an anode 401 and
a cathode 402 as shown in FIG. 4.

In this embodiment mode, the organic compound layer
403 has a laminate structure of a plurality of organic
compound layers. Specifically, a hole injecting layer 404 for
improving injection of holes from the anode is formed on the
anode 401, and a hole transporting layer 405 for improving
transportation of the injected holes is formed on the hole
injection layer 404.

A mixed layer (1) 407 is formed by coevaporation using
the material that constitutes the hole transporting layer 405
and the material that constitutes a light emitting layer 406.
The coevaporation is carried out in the manner described
above. At this point, the mixed layer (1) 407 may have
concentration gradient.

By providing the mixed layer (1) 407, the energy barrier
between the hole transporting layer 405 and the light emit-
ting layer 406 can be relaxed. Therefore more holes can be
injected from the hole transporting layer 405 to the light
emitting layer 406.

The light emitting layer 406 is formed on the mixed layer
(1) 407. In the case of the laminate structure of the organic
compound layer shown in Embodiment Mode 1, the organic
compound forming the light emitting layer is preferably
lower in excitation energy than the material forming the hole
transporting layer 405 and the material forming an electron
transporting layer 408, respectively. This is because injec-
tion of carriers to the light emitting layer is improved by
providing the mixed layer at the interface between the light
emitting layer and the organic compound layer, with the
result that the carriers easily pass the light emitting layer. In
addition to using an organic compound with a low excitation
energy for the light emitting layer, a dopant with a low
excitation energy may be used.

On the light emitting layer 406, a mixed layer (2) 409 is
formed by coevaporation using the material for forming the
light emitting layer 406 and the material for forming the
electron transporting layer 408. It is preferable for the mixed
layer (2) 409 to have concentration gradient similar to the
mixed layer (1) 407.

On the mixed layer (2) 409, the electron transporting layer
408 is formed by evaporation and then the cathode 402 is
formed by evaporation or sputtering to complete the organic
light emitting element.

The organic light emitting element shown above has a
structure in which mixed layers are provided at interfaces of
organic compound layers with a light emitting layer (spe-
cifically, the interface between the light emitting layer and a
hole transporting layer and the interface between the light
emitting layer and an electron transporting layer). By giving
the organic light emitting element with this structure, injec-
tion of holes from the hole transporting layer to the light
emitting layer and injection of electrons from the electron
transporting layer to the light emitting layer are improved to
enhance recombination of carriers in the light emitting layer.
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[Embodiment Mode 2]

Embodiment Mode 2 gives a description on a case of
manufacturing an organic light emitting element with an
element structure different from the one shown in Embodi-
ment Mode 1.

The description given in Embodiment Mode 2 is a case in
which mixed layers are formed at interfaces of organic
compound layer with a laminate structure when an organic
light emitting element is a triplet light emission element.

In Embodiment Mode 2, a laminate organic compound
layer 503 with a plurality of organic compound layers is
formed between an anode 501 and a cathode 502 as shown
in FIG. 5. Specifically, a hole injection layer 504 for
improving injection of holes from the anode 501 is formed
on the anode 501, and a hole transporting layer 505 for
improving transportation of the injected holes is formed on
the hole injection layer 504.

A mixed layer (1) 507 is formed by coevaporation using
the material that constitutes the hole transporting layer 505
and the material that constitutes a light emitting layer 506.
The coevaporation is carried out in the manner described
above. At this point, the mixed layer (1) 507 may have
concentration gradient.

By providing the mixed layer (1) 507, the energy barrier
between the hole transporting layer 505 and the light emit-
ting layer 506 can be relaxed. Therefore more holes can be
injected from the hole transporting layer 505 to the light
emitting layer 506.

The light emitting layer 506 is formed on the mixed layer
(1) 507. In the case of the laminate structure of the organic
compound layer shown in Embodiment Mode 2, the organic
compound forming the light emitting layer is formed from a
material that emits light by utilizing energy discharged in
returning from triplet excitation to base state. Therefore the
light emitting layer is formed by coevaporation of a host
material and a triplet light emission material (dopant) that is
lower in excitation energy than the host material.

On the light emitting layer 506, a hole blocking layer 508
is formed. The hole blocking layer 508 has functions of
preventing the holes injected from the hole transporting
layer 505 to the light emitting layer 506 from passing the
light emitting layer, and of preventing molecular excitons
generated as a result of recombination of the holes and
electrons in the light emitting layer 506 from diffusing from
the light emitting layer 506.

On the hole blocking layer 508, a mixed layer (2) 510 is
formed by coevaporation using the material for forming the
hole blocking layer 508 and the material for forming an
electron transporting layer 509. It is preferable for the mixed
layer (2) 510 to have concentration gradient similar to the
mixed layer (1) 507.

On the mixed layer (2) 510, the electron transporting layer
509 is formed by evaporation and then the cathode 502 is
formed by evaporation or sputtering to complete the organic
light emitting element.

The organic light emitting element shown above has a
structure in which mixed layers are provided at interfaces of
organic compound layers (specifically, the interface between
the light emitting layer 506 and the hole transporting layer
505, and the interface between the hole blocking layer 508
and the electron transporting layer 509). By giving the
organic light emitting element with this structure, injection
of holes from the hole transporting layer 505 to the light
emitting layer 506 and injection of electrons from the
electron transporting layer 509 to the hole blocking layer
508 are improved to enhance recombination of carriers in
the light emitting layer.
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The organic light emitting element with the structure
shown in Embodiment Mode 2 is suitable to a case in which
a triplet light emission material is used in a light emitting
layer. However, it is not necessary to limit thereto and it can
also be employed when an organic compound that emits
light by utilizing singlet excitation energy is used. Appro-
priate triplet light emission materials are the metal complex
with platinum as central metal which is introduced in
Reference 7, the metal complex with iridium as central metal
which is introduced in Reference 8, and the like.

[Embodiment Mode 3]

Embodiment Mode 3 gives a description with reference to
FIG. 6 in a case of manufacturing an organic light emitting
element with an element structure different from the one
shown in Embodiment Mode 1 or Embodiment Mode 2.

The description given in Embodiment Mode 3 is a case in
which an organic light emitting element has an organic
compound layer 603 between an anode 601 and a cathode
602 and mixed layers are formed at interfaces between
injecting layers and transporting layers in the organic com-
pound layer.

In Embodiment Mode 3, the organic compound layer 603
has a structure in which a plurality of organic compound
layers are laminated. Specifically, a hole injecting layer 604
for improving injection of holes from the anode 601 is
formed on the anode 601.

In this embodiment mode, a mixed layer (1) 606 is formed
here by coevaporation using the material that constitutes the
hole injection layer 604 and the material that constitutes a
hole transporting layer 605. The hole transporting layer 605
is formed on the mixed layer (1) 606.

By providing the mixed layer (1) 606, the energy barrier
between the hole injection layer 604 and the hole transport-
ing layer 605 can be lowered. Therefore more holes can be
injected from the hole transporting layer 605 to a light
emitting layer 607. At this point, the mixed layer (1) 606
may have concentration gradient.

The light emitting layer 607 is formed on the hole
transporting layer 605. Further, an electron transporting
layer 608 is formed on the light emitting layer 607.

Then a mixed layer (2) 610 is formed by coevaporation
using the material for forming the electron transporting layer
608 and the material for forming an electron injection layer
609. It is preferable for the mixed layer (2) 610 to have
concentration gradient similar to the mixed layer (1) 606.
The electron injection layer 609 is formed on the mixed
layer (2) 610.

After the electron injection layer 609 is formed by evapo-
ration, the cathode 602 is formed by evaporation or sput-
tering to complete the organic light emitting element.

The organic light emitting element shown above has a
structure in which mixed layers are provided at interfaces
between injecting layers and transporting layers (specifi-
cally, the interface between the hole injecting layer and the
hole transporting layer and the interface between the elec-
tron transporting layer and the electron injecting layer). By
giving the organic light emitting element with this structure,
the mobility of injected carriers in the organic compound
layers is improved while the mixed layers lower the energy
barriers to reduce the interfaces substantially. Therefore the
above structure is advantageous in that cartier recombina-
tion is enhanced.

Modes required in carrying out the present invention will
further be described below. In an organic light emitting
element, at least one of anode and cathode is transparent in
order to extract emitted light to the outside. According to the
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element structure of this embodiment mode, a transparent
anode is formed on a substrate to take the light out from the
anode. However, the present invention can also adopt a
structure for taking the light out from a cathode and a
structure for taking the light out from the side reverse to the
substrate.

In carrying out the present invention, the process of
manufacturing an organic light emitting element becomes
important to avoid formation of impurity layers. Therefore a
method of manufacturing an organic light emitting device
according to the present invention is described first.

FIG. 23A is a top view of evaporation apparatus. The
apparatus is of single chamber type in which one vacuum
tank 1110 is set as an evaporation chamber and a plurality of
evaporation sources are provided in the vacuum tank. Stored
in the plural evaporation sources respectively are materials
with different functions, including a hole injecting material,
a hole transporting material, an electron transporting mate-
rial, an electron injecting material, a blocking material, a
light emitting material, and a material for forming a cathode.

In the evaporation apparatus with this evaporation cham-
ber, a substrate with an anode (formed of ITO or the like) is
brought into a loading chamber. If the anode 1s an oxide such
as ITO, oxidation treatment is performed in a pretreatment
chamber (although not shown in FIG. 23A, the apparatus
may be provided with an ultraviolet ray irradiation chamber
to clean the anode surface). All of the materials that form the
organic light emitting element are subjected to evaporation
in the vacuum tank 11110. The cathode can be formed in the
vacuum tank 11110 or may be formed in a separate evapo-
ration chamber instead. In short, it is sufficient if layers
before forming the cathode are formed in a single vacuum
tank 11110 by evaporation. Lastly, sealing is conducted in a
sealing chamber and the substrate is taken out of an unload-
ing chamber to obtain the organic light emitting element.

The procedure of manufacturing an organic light emitting
element according to the present invention using the single
chamber type evaporation apparatus as this will be described
with reference to FIG. 23B (a sectional view of the vacuum
tank 11110). Shown in FIG. 23B as the simplest example is
a process of forming an organic compound film that contains
a hole transporting material 11121, an electron transporting
material 11122, and a light emitting material 11123 using the
vacuum chamber 11110 that has three evaporation sources
(an organic compound evaporation source a 11116, an
organic compound evaporation source b 11117, and an
organic compound evaporation source ¢ 11118).

First, a substrate 11101 with an anode 11102 is brought
into the vacuum tank 11110 and is fixed by a fixing base
11111 (usually, the substrate is rotated during evaporation).
Next, the pressure in the vacuum tank 11110 is reduced
(preferably to 10~* pascal or lower) and then a container a
11112 is heated to evaporate the hole transporting material
11121. When a given evaporation rate (unit: A/s) is reached,
a shutter a 11114 is opened to start deposition by evapora-
tion.

After a hole transporting region 11103 reaches to a given
thickness, evaporation of the light emitting material 11123 is
started while the hole transporting material 11121 is kept
evaporated to form a first mixed region 11105 (correspond-
ing to the state shown in FIG. 23B). If the first mixed region
11105 is to have concentration gradient, the shutter a 11114
is gradually closed to decrease the evaporation rate of the
hole transporting material.

Then the shutter a 11114 is closed completely to end
evaporation of the hole transporting material 11121 and form
a light emitting region consisting of the light emitting
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material 11123. At this point, a container b 11113 is heated
with a shutter b 11115 closed.

After the light emitting region reaches to a given thick-
ness, the shutter b 11115 is opened and evaporation of the
electron transporting material 11122 is started to form a
second mixed region. 1f the second mixed region is to have
concentration gradient, the evaporation rate of the light
emitting material 11123 is gradually reduced.

Lastly, evaporation of the light emitting material 11123 is
ended and an electron transporting region consisting of the
electron transporting material 11122 is formed. The above
operations are successively conducted without any interval
and therefore no impurity layers are formed in any region.

All of the organic light emifting elements described in
‘Summary of the Invention’ can be manufactured by appli-
cation of this method. For instance, in manufacturing the
element as F1G. 22 which includes a light emitting material
as guest in relation to a host material, an evaporation source
for evaporation of the host material is added to the compo-
nents of F1G. 23B. The host material is used in forming the
mixed region and in forming the light emitting region
whereas the light emitting material is evaporated in a2 minute
amount to dope the host material during evaporation of the
host material (during formation of the light emitting region,
1o be strict).

In the case where a hole injecting region or an electron
injecting region is formed, an evaporation source for the
injecting material is set in the same vacuum tank 11110. For
example, if a hole injecting region is formed by evaporation
between the anode 11102 and the hole transporting region
11105 in FIG. 23B, the hole transporting material 11121 is
evaporated immediately after the hole injecting material is
deposited by evaporation on the anode 11102. Formation of
impurity layers is thus avoided.

Listed below are materials which are preferable as the
hole injecting material, the hole transporting material, the
electron transporting material, the electron injecting mate-
rial, and the light emitting material. However, materials
usable for an organic light emitting element of the present
invention are not limited thereto.

Effective hole injecting materials are, within confines of
organic compounds, porphyrin-based compounds, and
phthalocyanine (hereafter, H,Pc) and copper phthalocyanine
(hereafter, CuPc) are often used. Among polymers, polyvi-
nyl carbazole (hereafter, PVK) is effective as well as the
aforementioned materials obtained by performing chemical
doping on conjugate system conductive polymers. Examples
of these polymers include polyethylene dioxythiophene
(hereafter, PEDOT) doped with polystyrene sulfonic acid
(hereafter, PSS), and polyaniline, or polypyrrole, doped with
iodine or other Lewis acid. A polymer that is an insulator is
also effective in terms of planarization of the anode, and
polyimide (hereafter, P1) is often used. Effective materials
are also found among inorganic compounds, and examples
thereof include a thin film of gold, platinum or like other
metals and a very thin film of aluminum oxide (hereinafter
referred to alumina).

Materials most widely used as the hole transporting
material are aromatic amine-based (namely, those with a
benzene ring-nitrogen bond) compounds. Of them, particu-
larly widely used are: 4.4-bis(diphenylamino)-biphenyl
(hereafter, TAD); its derivative, namely, 4,4'-bis[N-(3-me-
thylphenyl)-N-phenyl-amino]-biphenyl (hereafter, TPD),
and  4,4'-bis-[N-(1-naphthyl)-N-phenyl-amino]-bipheny!
(hereafter, o-NPD). Also used are star burst aromatic amine
compounds, including: 4,4'4"-tris(N,N-diphenyl-amino)-
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triphenyl amine (hereafter, ThDATA); and 4,4',4"-tris[N-(3-
methylphenyl)-N-phenyl-amino]-triphenyl amine (hereafter,
MTDATA).

Metal complexes are often used as the electron transport-
ing material. Examples thereof include: metal complexes
having quinoline skeleton or benzoquinoline skeleton, such
as the aforementioned Alq, tris(4-methyl-8-quinolinolate)
aluminum (hereafter, Almq), and bis(10-hydroxybenzo[h]-
quinolinate)beryllium (hereafter, Bebq); and bis(2-methyl-
8-quinolinolate)-(4-hydroxy-biphenylil)-aluminum
(hereafter, BAlq) that is a mixed ligand complex. The
examples also include metal complexes having oxazole-
based and thiazole-based ligands such as bis[2-(2-hydrox-
ypheyl)-benzooxazolate]zinc (hereafter, Zn(BOX),) and bis
[2-(2-hydroxypheyl)-benzothiazolate]zinc (hereafter,
Zn(BT7Z),). Other materials that are capable of transporting
electrons than the metal complexes are: oxadiazole deriva-
tives such as 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3.4-
oxadiazole (hereafter, PBD) and 1,3-bis[5-(p-tert-butylphe-
nyl)-1,3,4-oxadiazole-2-il[benzene  (hereafter, OXD-7);
triazole derivatives such as 5-(4-biphenylyl)-3-(4-tert-bu-
tylphenyl)-4-phenyl-1,2,4-triazole (hereafter, TAZ) and
5-(4-biphenylyl)-3-(4-tert-butylphenyl)-4-(4-ethylpheyl)-1,
2,4-triazole (hereafter, p-EtTAZ); and phenanthroline
derivatives such as bathophenanthroline (hereafter, BPhen)
and bathocupuroin (hereafter, BCP).

The electron transporting material given above can be
used as the electron injecting material. Other than those, a
very thin film of an insulator, including alkaline metal
halides such as lithium fluoride and alkaline metal oxides
such as lithium oxide, is often used. Alkaline metal com-
plexes such as lithium acetyl acetonate (hereafter, Li(acac))
and 8-quinolinolate-lithium (hereafter, Liq) are also effec-
tive.

Materials effective as the light emitting material are
various fluorescent pigments, in addition to the aforemen-
tioned metal complexes including Alg, BeBq, BAlqg,
Zn(BOX),, and Zn(BTZ),. Examples of fluorescent pig-
ments include 4,4'-bis(2,2-diphenyl-vinyl)-bipheny! (here-
after, DPVBI) that is blue, and 4-(dicyanomethylene)-2-
methyl-6-(p-dimethylaminostylyl)-4H-pyran (hereafter,
DCM) that is reddish orange. Triplet light emission mate-
rials may also be used and the mainstream thereof are
complexes with platinum or iridium as central metal. Known
triplet light emission materials include tris(2-phenylpyri-
dine)iridium (hereafter, Ir(ppy);) and 2,3,7,8,12,13,17,18-
octaethyl-21H, 23H-porphyrin-platinum (hereafter, PtOEP).

The above materials of respective functions are combined
to constitute an organic light emitting element of the present
invention, whereby an organic light emitting element that is
lower in drive voltage and longer in element lifetime than
conventional ones can be manufactured.

[Embodiment 1]

This embodiment describes a case of forming the organic
light emitting element that has the structure shown in
Embodiment Mode 1. The description of this embodiment is
given with reference to FIG. 4.

An indium tin oxide (1TO) film or a transparent conduc-
tive film obtained by mixing 2 to 20% of zinc oxide (ZnO)
with indium oxide is used for an anode 401, which is a
component of the organic light emitting element. The thick-
ness of the anode 401 is preferably 80 to 200 nm in this
embodiment.

On the anode 401, a hole injecting layer 404 is formed. A
phthalocyanine-based material such as copper phthalocya-
nine (CuPc) or nonmetal phthalocyanine (H,Pc) is used for
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the hole injecting layer 404. In this embodiment, the hole
injecting layer 404 is formed from copper phthalocyanine.
The thickness of the hole injecting layer 404 is preferably 10
to 30 nm.

After the hole injecting layer 404 is formed, a hole
transporting layer 405 is formed. An aromatic amine-based
material such as 4,4'-bis-[N-(1-naphthyl)-N-phenyl-amino]-
biphenyl (a-NPD), or 1,1-bis[4-bis(4-methyl phenyl)-
amino-phenyl]cyclohexane (TPAC), or 4,4'4"-tris|[N-(3-me-
thylphenyl)-N-phenyl-amino]-triphenyl amine (MTDATA)
can be used as the hole transporting layer 405 of this
embodiment. 1n this embodiment, the hole transporting layer
405 is formed from a-NPD to have a thickness of 30 to 60
nm.

A mixed layer (1) 407 is formed next. The mixed layer (1)
407 is formed from o-NPD used to form the hole transport-
ing layer 405 and Alq, used to form a light emitting layer
406 by coevaporation. The thickness of the mixed layer (1)
407 is preferably 1 to 10 nm.

Next, the light emitting layer 406 is formed. The light
emitting layer 406 is formed from Alq; by evaporation. The
thickness of the light emitting layer 406 is preferably 30 to
60 nm.

According to the structure of the organic light emitting
element in this embodiment, the light emitting layer has to
be formed from a material with lower excitation energy than
the materials of the hole transporting layer 405 and the
material of the electron transporting layer 408. Otherwise,
the material of the light emitting layer has to be doped with
a dopant which has a low excitation energy.

For the material to form the light emitting layer 406 of this
embodiment, in addition to Alqs, Alpgs is suitable, which is
obtained by introducing a phenyl group to Alg,. As the
dopant used in doping to the light emitting layer, known
materials including perylene, rubrene, coumarine, 4-(dicya-
nomethylene)-2-methyl-6-(p-dimethylaminostylyl)-4H-py-
ran (DCM), and quinacrydon can be employed.

A mixed layer (2) 409 is formed next. The mixed layer (2)
409 is formed from Alg, or Alpg, used to form the light
emitting layer 406 and the material used to form an electron
transporting layer 408 by coevaporation. The thickness of
the mixed layer (2) 409 is preferably 1 to 10 nm.

Next, the electron transporting layer 408 is formed. 1,3,
4-oxadiazole derivatives, 1,2,4-triazole derivatives, or the
like can be used here. Specifically, materials usable as the
electron transporting layer include: 2-(4-biphenylyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole (PBD); 2,5-(1,1'-dinaph-
thyl)-1,3,4-oxadiazole (BND); 1,3-bis[5-(p-tert-butylphe-
nyl)-1,3,4-oxadiazole-2-il]benzene (OXD-7); and 3-(4-tert-
butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole
(TAZ). The thickness of the electron transporting layer 408
is preferably 30 to 60 nm.

After all of the above films are formed, a cathode of the
organic light emitting element is formed by evaporation. In
this embodiment, MgAg is used as a conductive film that
constitutes the cathode of the organic light emitting element.
However, a Al film or Yb film can be used as well as a Al:Li
alloy film (an alloy film of aluminum and lithium) or a film
obtained by coevaporation of aluminum and an element
belonging to Group 1 or 2 in the periodic table.

[Embodiment 2]

This embodiment describes a case of forming the organic
light emitting element that has the structure shown in
Embodiment Mode 2. The description of this embodiment is
given with reference to F1G. 5.
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An indium tin oxide (1TO) film or a transparent conduc-
tive film obtained by mixing 2 to 20% of zinc oxide (ZnO)
with indium oxide is used for an anode 501, which is a
component of the organic light emitting element. The thick-
ness of the anode 501 is preferably 80 to 200 nm in this
embodiment.

On the anode 501, a hole injecting layer 504 is formed. A
phthalocyanine-based material such as copper phthalocya-
nine (CuPc) or nonmetal phthalocyanine (H,Pc) is used for
the hole injecting layer 504. In this embodiment, the hole
injecting layer 504 is formed from copper phthalocyanine.
The thickness of the hole injection layer 504 is preferably 10
to 30 nm.

After the hole injection layer 504 is formed, a hole
transporting layer 505 is formed. An aromatic amine-based
material such as a-NPD, TPAC, or MTDATA can be used
for the hole transporting layer 505 of this embodiment. In
this embodiment, the hole transporting layer 505 is formed
by laminating MTDATA and a-NPD to have a thickness of
30 to 60 nm. The MTDATA film (lower layer) is formed on
the hole transporting layer 505 to have a thickness of 10 to
20 nm, and then the a-NPD film (upper layer) is formed
thereon to have a thickness of 5 to 20 nm.

A mixed layer (1) 507 is formed next. The mixed layer (1)
507 is formed by coevaporation, from a-NPD used to form
the upper layer of the hole transporting layer 505 and
4,4'-N N'-dicarbazole-biphenyl (CBP) and tris(2-phenylpy-
ridine)iridium (Ir(ppy),) that are used to form a light emit-
ting layer 506. The thickness of the mixed layer (1) 507 is
preferably 1 to 10 nm.

Next, the light emitting layer 506 is formed. The light
emitting layer 506 is formed from CBP as the dopant and an
iridium complex (Ir(ppy),) as the host material by coevapo-
ration. The host material may be a platinum complex instead
of an iridium complex. The thickness of the light emitting
layer 506 is preferably 10 to 30 nm.

On the light emitting layer 506, a hole blocking layer 508
is formed. In this embodiment, the hole blocking layer 508
is formed from BCP to have a thickness of 10 to 30 nm.

A mixed layer (2) 510 is formed next. The mixed layer (2)
510 is formed from BCP used to form the hole blocking
layer 508 and Alg; used to form an electron transporting
layer 509 by coevaporation. The thickness of the mixed
layer (2) 510 is preferably 1 to 10 nm.

Next, the electron transporting layer 509 is formed. Alqg,,
Alpqs, or the like can be used here. In this embodiment, the
electron transporting layer 509 is formed from Alg; to have
a thickness of 30 to 60 nm.

After all of the above films are formed, a cathode 502 of
the organic light emitting element is formed by evaporation.
In this embodiment, MgAg is used as a conductive film that
constitutes the cathode 502 of the organic light emitting
element. However, a Al film or Yb film can be used as well
as a Al—Li alloy film (an alloy film of aluminum and
lithium) or a film obtained by coevaporation of aluminum
and an element belonging to Group 1 or 2 in the periodic
table. The cathode 502 in this embodiment has a thickness
of 100 to 500 nm.

In the case of the element structure according to this
embodiment, it is particularly preferable to use a triplet light
emission material as the light emitting layer.

[Embodiment 3]

This embodiment describes a case of forming the organic
light emitting element that has the structure shown in
Embodiment Mode 3. The description of this embodiment is
given with reference 1o F1G. 6.
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An indium tin oxide (ITO) film or a transparent conduc-
tive film obtained by mixing 2 to 20% of zinc oxide (ZnO)
with indium oxide is used for an anode 601 of the organic
light emitting element. The thickness of the anode 601 is
preferably 80 to 200 nm in this embodiment.

On the anode 601, a hole injecting layer 604 is formed. A
phthalocyanine-based material such as copper phthalocya-
nine (CuPc) or nonmetal phthalocyanine (H,Pc) is used for
the hole injecting layer 604. 1n this embodiment, the hole
injecting layer 604 is formed from copper phthalocyanine.
The thickness of the hole injecting layer 604 is preferably 10
10 30 nm in this embodiment.

A mixed layer (1) 606 is formed next. The mixed layer (1)
606 is formed by coevaporation, from copper phthalocya-
nine used to form the hole injecting layer 604 and a.-NPD
used to form a hole transporting layer 605. The thickness of
the mixed layer (1) 606 is preferably 1 to 10 nm.

After the mixed layer (1) 606 is formed, the hole trans-
porting layer 605 is formed. An aromatic amine-based
material such as a-NPD, TPAC, or MTDATA can be used
for the hole transporting layer 605 of this embodiment. 1n
this embodiment, the hole transporting layer 605 is formed
from a-NPD to have a thickness of 30 to 60 nm.

Next, a light emitting layer 607 is formed. The light
emitting layer 607 is formed from Alg, by evaporation. The
thickness of the light emitting layer 607 here is 30 to 60 nm.

Next, an electron transporting layer 608 is formed.1,3,4-
oxadiazole derivatives, 1,2,4-triazole derivatives, or the like
can be used here. Specifically, materials usable as the
electron transporting layer include PBD, BND, OXD-7, and
TAZ. The thickness of the electron transporting layer 608 is
30 to 60 nm.

A mixed layer (2) 610 is formed next. The mixed layer (2)
610 is formed from TAZ used to form the electron trans-
porting layer 608 and the material used to form an electron
injection layer 609 by coevaporation. The thickness of the
mixed layer (2) 610 is preferably 1 to 10 nm.

The electron injecting layer 609 is formed on the mixed
layer (2) 610. Alg,, Alpqs, or the like can be used here. In
this embodiment, the electron injection layer 609 is 30 to 60
nm in thickness.

After all of the above films are formed, a cathode of the
organic light emitting element is formed by evaporation. In
this embodiment, MgAg is used for a conductive film that
constitutes the cathode of the organic light emitting element.
However, a Al film or Yb film can be used as well as a
Al—Li alloy film (an alloy film of aluminum and lithium) or
a film obtained by coevaporation of aluminum and an
element belonging to Group 1 or 2 in the periodic table.

[Embodiment 4]

Described next is an example of a method of manufac-
turing, at the same time on the same substrate, TFTs for a
pixel portion having an organic light emitting element of the
present invention and TFTs (an n-channel TFT and a p-chan-
nel TFT) for a driving circuit that is provided in the
periphery of the pixel portion. The description will be given
with reference to F1GS. 7A to 9C.

First, this embodiment uses a substrate 900 made of
barium borosilicate glass, typically Corning #7059 glass and
#1737 glass (products of Corning Incorporated), or alumino
borosilicate glass. No limitation is put to the material of the
substrate 900 as long as it is light-transmissive, and a quartz
substrate may be used. A plastic substrate may also be used
if it can withstand heat at the process temperature of this
embodiment.
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Next, as shown in F1G. 7A, a base film 901 is formed on
the substrate 900 from an insulating film such as a silicon
oxide film, a silicon nitride film, and a silicon oxynitride
film. In this embodiment, the base film 901 has a two-layer
structure but it may be a single layer or a laminate of the
above insulating films. The first layer of the base film 901 is
a silicon oxynitride film 9014 formed by plasma CVD using
as reaction gas SiH,, NH;, and N,O to have a thickness of
10 to 200 nm (preferably 50 to 100 nm). In this embodiment,
the silicon oxynitride film 901a (composition ratio: Si=32%,
0=27%, N=24%, H=17%) is 50 nm in thickness. The second
layer of the base film 901 is a silicon oxynitride film 9015
formed by plasma CVD using as reaction gas SiH, and N,O
to have a thickness of 50 to 200 nm (preferably 100 to 150
nm). In this embodiment, the silicon oxynitride film 9015
(composition ratio: Si=32%, O=59%, N=7%, H=2%) is 100
nm in thickness.

On the base film 901, semiconductor layers 902 to 905 are
formed. The semiconductor layers 902 to 905 are formed by
patterning into a desired shape a crystalline semiconductor
film that is obtained by forming a semiconductor film with
an amorphous structure through a known method (sputter-
ing, LPCVD, or plasma CVD) and then by subjecting the
amorphous film to a known crystallization treatment (laser
crystallization, thermal crystallization, or thermal crystalli-
zation using nickel or other catalyst). The semiconductor
layers 902 to 905 are each 25 to 80 nm in thickness
(preferably 30 to 60 nm). Although the material of the
crystalline semiconductor film is not limited, silicon, silicon
germanium (S1,Ge,_ (X=0.0001 to 0.02)) alloy or the like is
preferred. In this embodiment, an amorphous silicon film
with a thickness of 55 nm is formed by plasma CVD and
then a solution containing nickel is held to the top face of the
amorphous silicon film. The amorphous silicon film is
dehydrated (at 500° C. for an hour), then subjected to
thermal crystallization (at 550° C. for four hours), and then
subjected to laser annealing treatment for improving crys-
tallinity, thereby obtaining the crystalline silicon film. The
crystalline silicon film receives patterning treatment by
photolithography to form the semiconductor layers 902 to
905.

After the semiconductor layers 902 to 905 are formed, the
semiconductor layers 902 to 905 may be doped with a
minute amount of impurity element (boron or phosphorus)
in order to control the threshold of the TFTs.

If laser crystallization is used to form the crystalline
semiconductor film, a pulse oscillation type or continuous
wave type excimer layer, YAG laser, or YVO, laser may be
used. When using these lasers, it is appropriate to use an
optical system to collect laser light emitted from the laser
oscillator into a linear beam before irradiating the semicon-
ductor film. Although conditions of crystallization can be
chosen suitably by an operator, preferred conditions are as
follows. When an excimer laser is used, the pulse oscillation
frequency is set to 300 Hz and the laser energy density is set
to 100 to 400 mJ/cm? (typically, 200 to 300 mJ/cm?). When
a YAG laser is employed, the second harmonic thereof is
used, the pulse oscillation frequency is set to 30 to 300 Hz,
and the laser energy density is set to 300 to 600 mJ/cm?
(typically, 350 to 500 mJ/em®). The laser light collected into
a linear shape is 100 to 1000 pm in width, 400 um, for
example, and the entire surface of the substrate is irradiated
with the beam. The overlapping ratio of the linear laser light
during irradiation is set to 50 to 90%.

Next, a gate insulating film 906 is formed to cover the
semiconductor layers 902 to 905. The gate insulating film
906 is an insulating film containing silicon and formed by
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plasma CVD or sputtering to have a thickness of 40 to 150
nm. In this embodiment, a silicon oxynitride film (compo-
sition ratio: Si=32%, 0=59%, N=7%, H=2%) with a thick-
ness of 110 nm is formed by plasma CVD. The gate
insulating film is not limited to the silicon oxynitride film, of
course, and may be a single layer or a laminate of other
insulating films containing silicon.

When a silicon oxide film is used, plasma CVD is
employed in which electric discharge is made using a
mixture of TEOS (tetraethyl orthosilicate) and O, and set-
ting the reaction pressure to 40 Pa, the substrate temperature
to 300 to 400° C., and the high frequency (13.56 MHZ)
power density to 0.5 to 0.8 W/em®. The thus formed silicon
oxide film can provide excellent characteristics as a gate
insulating film if it receives subsequent thermal annealing at
400 to 500° C.

On the gate insulating film 906, a heat resistant conduc-
tive layer 907 for forming gate electrodes is formed to have
a thickness of 200 to 400 nm (preferably 250 to 350 nm).
The heat resistant conductive film 907 may be a single layer
or may take a laminate structure having a plurality of layers,
such as a two-layer structure or a three-layer structure, if
necessary. The heat resistant conductive layer contains an
element selected from the group consisting of Ta, Ti, and W,
or an alloy having the above elements as its ingredient, or an
alloy film having the above elements in combination. The
heat resistant conductive layer is formed by sputtering or
CVD. 1In order to lower the resistance, the concentration of
impurities contained in the layer is preferably reduced. The
oxygen concentration in particular, is preferably 30 ppm or
less. 1n this embodiment, a W film with a thickness of 300
nm is formed. The W film may be formed by sputtering with
W as the target. or by thermal CVD using tungsten hexafluo-
ride (WF). Either way, the W film has to be low in
resistance to use it as gate electrodes, and the resistivity of
the W film is preferably set to 20 pQcm or lower. The
resistivity of the W film can be reduced by increasing the
crystal grain size but, if there are too many impurity ele-
ments such as oxygen in the W film, crystallization is
inhibited to raise the resistivity. Accordingly, when the W
film 1is formed by sputtering, a W target with a purity of
99.9999% is used and a great care is taken not to allow
impurities in the air to mix in the W film during formation.
As a result, the W film can have a resistivity of 9 to 20
pfcm.

The heat resistant conductive layer 907 may instead be a
Ta film, which similarly can be formed by sputtering. Ar is
used as sputtering gas when forming a Ta film. 1f an
appropriate amount of Xe or Kr is added to the sputtering
gas, the internal stress of the film to be formed is eased and
thus the film is prevented from peeling off. The resistivity of
a Ta film in o phase is about 20 pQcm and is usable for a
gate electrode. On the other hand, the resistivity of a Ta film
in P phase is about 180 uQcm and is not suitable for a gate
electrode. A Ta film in o phase can readily be obtained by
forming a TaN film as a base of a Ta film because a TaN film
has a crystal structure approximate to that of the o phase Ta
film. Although not shown in the drawings, it is effective to
form a silicon film doped with phosphorus (P) to have a
thickness of about 2 to 20 nm under the heat resistant
conductive layer 907. This improves adhesion to the con-
ductive film formed thereon and prevents oxidation of the
conductive film and, at the same time, prevents alkaline
metal elements contained in a minute amount in the hat
resistant conductive layer 907 from diffusing into the first
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shape gate insulating film 906. 1n either case, the resistivity
of the heat resistant conductive layer 907 is preferably set to
10 to 50 pQem.

Next, resist masks 908 are formed using the photolithog-
raphy technique. Then first etching treatment is conducted.
1n this embodiment, an 1CP etching device is employed, CF,
and Cl, are mixed as etching gas, and an RF (13.56 MHZ)
power of 3.2 W/cm? is given at a pressure of 1 Pa to generate
plasma. The substrate side (sample stage) also receives an
RF (13.56 MHZ) power of 224 mW/cm? so that a substan-
tially negative self-bias voltage is applied. Under these
conditions, the etching rate of the W film is about 100
nm/min. On the basis of this etching rate, the time necessary
to etch the W film is estimated. The estimated time is
extended by 20% and this is the etching time for the first
etching treatment.

Through the first etching treatment, conductive layers 909
to 912 having a first taper shape are formed. The angle of the
tapered portions of the conductive layers 909 to 912 is 15 to
30°. In order to etch the conductive films without leaving
any residue, over-etching is employed in which the etching
time is prolonged by about 10 to 20%. The selective ratio of
the W film to the silicon oxynitride film (the gate insulating
film 906) is 2 to 4 (typically 3), and therefore a region where
the silicon oxynitride film is exposed is etched by about 20
to 50 nm by the over-etching treatment (F1G. 7B).

First doping treatment is conducted next to dope the
semiconductor layers with an impurity element of one
conductivity type. An impurity element giving the n type
conductivity is used in this doping step. The masks 908 that
have been used to form the first shape conductive layers are
left as they are, and the semiconductor layers are doped with
an impurity element giving the n type conductivity by ion
doping in a self-aligning manner while using the fist taper
shape conductive layers 909 to 912 as masks. 1n the doping,
the dose is set to 1x10" to 5x10'* atoms/cm® and the
acceleration voltage is set to 80 to 160 keV in order that the
impurity element giving the n type conductivity reaches the
semiconductor layers below the tapered portions at the edges
of the gate electrodes and below the gate insulating film 906
through the tapered portions and the gate insulating film.
Used as the impurity element that gives the n type conduc-
tivity is an element belonging to Group 15, typically, phos-
phorus (P) or arsenic (As). Here, phosphorus (P) is used.
Through this ion doping, first impurity regions 914 to 917
are formed to contain the impurity element that gives the n
type conductivity in a concentration of 1x10%° to 1x10**
atoms/cm (F1G. 7C).

In this step, depending on the doping condition, the
impurity may reach under the first shape conductive layers
909 to 912 so that the first impurity regions 914 to 917
overlap the first shape conductive layers 909 to 912.

Next, second etching treatment is conducted as shown in
F1G. 7D. The second etching treatment also uses the 1CP
etching device to etch at an RF power of 3.2 W/em? (13.56
MHZ), a bias power of 45 mW/ecm?® (13.56 MHZ), and a
pressure of 1.0 Pa, while using a mixture gas of CF, and Cl,
as etching gas. Under these conditions, conductive layers
918 to 921 having a second shape are formed. The conduc-
tive layers 918 to 921 have tapered portions at the edges and
the thickness of the layers is gradually increased from the
edges toward the inside. The bias power applied to the
substrate side in the second etching treatment is lower than
in the first etching treatment and the ratio of isotropic
etching is increased that much, thereby setting the angle of
the tapered portions to 30 to 60°. The masks 908 are etched
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to lose the edges and become masks 922. 1n the step of F1G.
7D, the surface of the gate insulating film 906 is etched by
about 40 nm.

Then the semiconductor layers are doped with an impurity
element that gives the n type conductivity in a dose smaller
than in the first doping treatment and at a high acceleration
voltage. For example, the acceleration voltage is set to 70 to
120 keV and the dose is set to 1x10"* atoms/cm” to form first
impurity regions 924 to 927 with increased impurity con-
centration and second impurity regions 928 to 931 that are
in contact with the first impurity regions 924 to 927. 1n this
step, depending on the doping condition, the impurity may
reach under the second shape conductive layers 918 to 921
so that the second impurity regions 928 to 931 overlap the
second shape conductive layers 918 to 921. The impurity
concentration in the second impurity regions is set to 1x10*°
1o 1x10*® atoms/ecm? (F1G. 8A).

Then as shown in F1G. 8B, impurity regions 933 (933«
and 9334) and 934 (934a and 9345) having the conductivity
type reverse to the one conductivity type are respectively
formed in the semiconductor layers 902 and 905 that are to
form p-channel TFTs. 1n this case also, the semiconductor
layers are doped with an impurity element that gives the p
type conductivity while using as masks the second shape
conductive layers 918 and 921 to form the impurity regions
in a self-aligning manner. During this doping, the semicon-
ductor layers 903 and 904 that are to form n-channel TFTs
are completely covered with resist masks 932. The impurity
regions 933 and 934 here are formed by ion doping using
diborane (B,H,). The concentration of the impurity element
that gives the p type conductivity in the impurity regions 933
and 934 is set to 2x107° to 2x10*" atoms/cm’.

When looked at more closely, the impurity regions 933
and 934 can be divided into two regions containing an
impurity element that gives the n type conductivity. Third
impurity regions 933a and 934a contain the impurity ele-
ment that gives the n type conductivity in a concentration of
1x10%° to 1x10?* atoms/cm?. Fourth impurity regions 9335
and 9345 contain the impurity element that gives the n type
conductivity in a concentration of 1x10*” to 1x10*° atoms/
cm®. However, the third impurity regions have no problem
in functioning as source regions and drain regions of p-chan-
nel TFTs if the concentration of the impurity element giving
the p type conductivity in the impurity regions 9334 and
934b is set to 1x10*° atoms/cm?® or higher, and if the third
impurity regions 933a and 934a contain the impurity ele-
ment giving the p type conductivity in a concentration 1.5 to
3 times higher than the concentration of the impurity ele-
ment that gives the n type conductivity.

Thereafter, as shown in F1G. 8C, a first interlayer insu-
lating film 937 is formed on the second shape conductive
layers 918 to 921 and the gate insulating film 906. The first
interlayer insulating film 937 may be a silicon oxide film, a
silicon oxynitride film, a silicon nitride film, or a laminate
having these films in combination. In either case, the first
interlayer insulating film 937 is formed from an inorganic
insulating material. The thickness of the first interlayer
insulating film 937 is 100 to 200 nm. When a silicon oxide
film is used for the first interlayer insulating film 937,
plasma CVD is employed in which electric discharge is
made using a mixture of TEOS and O, and setting the
reaction pressure to 40 Pa, the substrate temperature to 300
to 400° C., and the high frequency (13.56 MHZ) power
density to 0.5 to 0.8 W/cm® When a silicon oxynitride film
1s used for the first interlayer insulating film 937, one formed
by plasma CVD from SiH,, N,O, and NH;, or one formed
by plasma CVD from SiH, and N,O is chosen. Film for-
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mation conditions in this case include setting the reaction
pressure to 20 to 200 Pa, the substrate temperature to 300 to
400° C., and the high frequency (60 MHZ) power density to
0.1 to 1.0 W/em?. A silicon oxynitride hydrate film formed
from SiH,, N,O. and H, may also be used as the first
interlayer insulating film 937. Similarly, a silicon nitride film
can be formed by plasma CVD from SiH, and NH; as the
first interlayer insulating film.

Then the impurity elements used in doping to give the n
type and p type conductivities in the respective concentra-
tions are activated. The activation step is carried out by
thermal annealing using an annealing furnace. Other acti-
vation methods adoptable include laser annealing and rapid
thermal annealing (RTA). The thermal annealing is con-
ducted in a nitrogen atmosphere with an oxygen concentra-
tion of 1 ppm or less, preferably 0.1 ppm or less, at 400 to
700° C., typically 500 to 600° C. In this embodiment, the
substrate is subjected to heat treatment at 550° C. for four
hours. However, if a plastic substrate weak against heat is
used for the substrate 900, laser annealing is preferred.

Following the activation step, the atmosphere gas is
changed to one containing 3 to 100% hydrogen and heat
treatment is conducted at 300 to 450° C. for one to twelve
hours to thereby hydrogenate the semiconductor layers. The
hydrogenation step is to terminate dangling bonds contained
in the semiconductor layers in 10* to 10*® atoms/cm?, using
thermally excited hydrogen. Alternatively, plasma hydroge-
nation (using hydrogen that is excited by plasma) may be
employed. 1n either case, the defect density in the semicon-
ductor layers 902 to 905 is reduced desirably to 10'°
atoms/cm’ or lower and, to reduce the density to this level,
about 0.01 to 0.1 atomic % hydrogen is given.

A second interlayer insulating film 939 is formed next
from an organic insulating material to have an average
thickness of 1.0 to 2.0 pm. Organic resin materials such as
polyimide, acrylic, polyamide, polyimideamide, and BCB
(benzocyclobutene) can be used. 1f polvimide of the type
that is thermally polymerized after being applied to a
substrate 1s used, for example, the film is formed by burning
the substrate in a clean oven at 300° C. 1f an acrylic is used,
two-pack type is chosen. After the main component is mixed
with the curing agent, the resin is applied to the entire
surface of the substrate using a spinner, and then the
substrate is pre-heated on a hot plate at 80° C. for 60 seconds
to be burnt in a clean oven at 250° C. for 60 minutes, thereby
forming the insulating film.

When the second interlayer insulating film 939 is thus
formed from an organic insulating material, the surface can
be leveled satisfactorily. Also, the parasitic capacitance can
be reduced since organic resin materials has low dielectric
constant in general. However, organic resin materials are
hygroscopic and it is therefore preferable to combine the
organic resin film with the silicon oxide film, or the silicon
oxynitride film, or the silicon nitride film, formed as the first
interlayer insulating film 937 as in this embodiment.

Thereafter, a resist mask having a given pattern is formed
and contact holes are formed to reach impurity regions that
serve as source regions or drain regions in the respective
semiconductor layers. The contact holes are formed by dry
etching. In this case, a mixture gas of CF,, O,, and He is
used as etching gas to etch the second interlayer insulating
film 939 formed of an organic resin material first. Then the
etching gas is changed to CF, and O, to etch the first
interlayer insulating film 937. The etching gas is further
switched to CHF; in order to raise the selective ratio with
respect to the semiconductor layers, and the gate insulating
film 906 is etched to form the contact holes.
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Then a wiring layer 940 that is a conductive metal film is
formed by sputtering or vacuum evaporation. On the wiring
layer 940, a separation layer 941 is formed from a material
that increases the selective ratio with respect to the wiring
layer and the etchant during etching. The separation layer
941 may be formed of an inorganic material such as a nitride
film and an oxide film, or from an organic resin such as
polyimide, polyamide, and BCB (benzocyclobutene). A
metal material may also be used.

The separation layer 941 is patterned using a mask and
then etched 1o form source wiring lines 942 to 945, drain
wiring lines 946 to 948, and separation portions 9425 to
948b. In this specification, a structure composed of a sepa-
ration layer and a wiring line is called a partition wall.
Though not shown in the drawings, the wiring lines in this
embodiment are a laminate consisting of a Ti film with a
thickness of 50 nm and an alloy film (alloy film of Al and Ti)
with a thickness of 500 nm.

Next, a transparent conductive film with a thickness of 80
to 120 nm is formed thereon and patterned to form a pixel
electrode 949 (FIG. 9B). In this embodiment, an indium tin
oxide (ITO) film or a transparent conductive film obtained
by mixing 2 to 20% of zinc oxide (ZnO) with indium oxide
is used for the transparent electrode.

The pixel electrode 949 overlaps and is in contact with a
contact wiring line 923 that is electrically connected to the
drain wiring line 946a. Thus formed is an electric connec-
tion between the pixel electrode 949 and a drain region of a
current controlling TFT 963.

An organic compound layer 950, a cathode 951, and a
passivation film 952 will be formed next by evaporation as
shown in FIG. 9B. Before forming the organic compound
layer 950, heat treatment is preferably performed on the
pixel electrode 947 to remove moisture completely. The
cathode of the organic light emitting element is a MgAg
electrode in this embodiment. However, other known mate-
rials may be used for the cathode.

The organic compound layer 950 has, in addition to a light
emitting layer, a plurality of layers such as a hole injection
layer, a hole transporting layer, an electron transporting
layer, an electron injection layer, and a buffer layer in
combination. Detailed descriptions will be given below on
the structure of the organic compound layer employed in this
embodiment.

In this embodiment, copper phthalocyanine is used for a
hole injection layer whereas a-NPD is used for a hole
transporting layer and the layers are respectively formed by
evaporation. A mixed layer is formed from copper phthalo-
cyanine and a-NPD by coevaporation at the interface
between the hole injection layer and the hole transporting
layer. It is desirable for the mixed layer formed here to have
concentration gradient.

Alight emitting layer is formed next. In this embodiment,
the light emitting layer is formed from different materials to
form organic compound layers that emit light of different
colors. The organic compound layers formed in this embodi-
ment respectively emit red light, green light, and blue light.

A light emitting layer that emits red light is formed from
Alg; doped with DCM. Instead, N,N'-disalicylidene-1,6-
hexanediaminato) zinc (M) (Zn(salhn)) doped with (1,10-
phenanthroline)-tris(1,3-diphenyl-propane-1.3-dionatoeu-
ropium (H) (Eu(DBM),(Phen)) that is an Eu complex may
be used. Other known materials may also be used.

Alight emitting layer that emits green light can be formed
from CBP and Ir(ppy); by coevaporation. It is preferable to
form a hole blocking layer from BCP in this case. An
aluminum quinolilate complex (Alq,) and a benzoquinoli-
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nolate beryllium (BeBq) may be used instead. The layer may
be formed from a quinolilate aluminum complex (Alq,)
using as dopant Coumarin 6, quinacridon, or the like. Other
known materials may also be used.

A light emitting layer that emits blue light can be formed
from DPVBI that is a distylyl derivative, N,N'-disalicyliden-
1,6-hexanediaminato) zinc (M) (Zn(salhn)) that is a zinc
complex having an azomethine compound as its ligand, or
4,4'-bis(2,2-diphenyl-vinyl)-biphenyl (DPVBi) doped with
perylene. Other known materials may also be used.

In this embodiment, a mixed layer is formed at the
interface between the hole transporting layer and the light
emitting layer by coevaporation of a-NPD that is the mate-
rial of the previously formed hole transporting layer and the
above materials of the light emitting layer. It is desirable for
the mixed layer formed here to have concentration gradient.

After the mixed layer is formed, an electron transporting
layer is formed. 1,3,4-oxadiazole derivatives, 1,2,4-triazole
derivatives (e.g., TAZ), or the like can be used for the
electron transporting layer. In this embodiment, a 1,2,4-
triazole derivative (TAZ) is formed by evaporation to have
a thickness of 30 to 60 nm.

Another mixed layer is formed at the interface between
the light emitting layer and the electron transporting layer by
coevaporation from the above materials of the light emitting
layer and the 1,2,4-triazole derivative (TAZ). It is desirable
for the mixed layer formed here to have concentration
gradient.

Through the above steps, the organic compound layer
having a laminate structure with mixed layers placed at the
interfaces is completed. In this embodiment, the organic
compound layer 950 is 10 to 400 nm (typically 60 to 150
nm) in thickness (including the laminate organic compound
layers and the mixed layers), and the cathode 951 is 80 to
200 nm (typically 100 to 150 nm) in thickness.

After the organic compound layer is formed, the cathode
of the organic light emitting element is formed by evapo-
ration. In this embodiment, MgAg is used for a conductive
film that constitutes the cathode of the organic light emitting
element. However, a ALLi alloy film (an alloy film of
aluminum and lithium) and a film obtained by coevaporation
of aluminum and an element belonging to Group 1 or 2 in
the periodic table may also be used.

After the cathode 951 is formed, the passivation film 952
is formed. By providing the passivation film 952, the organic
compound layer 950 and the cathode 951 can be protected
from moisture and oxygen. In this embodiment, a silicon
nitride film with a thickness of 300 nm is formed as the
passivation film 952. The passivation film 952 may be
formed continuously after the formation of the cathode 951
without exposing the substrate to the air.

Thus completed is a light emitting device having the
structure shown in FIG. 9C. A portion 954 where the pixel
electrode 949, the organic compound layer 950, and the
cathode 951 overlap corresponds to the organic light emit-
ting element.

A p-channel TFT 960 and an n-channel TFT 961 are TFTs
of the driving circuit, and constitute a CMOS. A switching
TFT 962 and a current controlling TFT 963 are TFTs of the
pixel portion. The TFTs of the driving circuit and the TFTs
of the pixel portion can be formed on the same substrate.

In the case of a light emitting device using an organic light
emitting element, its driving circuit can be operated by a
power supply having a voltage of 5 to 6V, 10 V, at most.
Therefore, degradation of TFTs due to hot electron is not a
serious problem. Also, smaller gate capacitance is preferred
for the TFTs since the driving circuit needs to operate at high
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speed. Accordingly, in a driving circuit of a light emitting
device using an organic light emitting element as in this
embodiment, the second impurity region 929 and the fourth
impurity region 93354 of the semiconductor layers of the
TFTs preferably do not overlap the gate electrode 918 and
the gate electrode 919, respectively.

A light emitting panel with an organic light emitting
element formed on a substrate is thus formed as shown in
FIG. 9C.

After the light emitting panel is formed, the panel is
sealed and electrically connected to an external power
supply through an FPC, thereby completing the light emit-
ting device of the present invention.

The structure in this embodiment can be combined with
any of the element structures in Embodiments 1 through 3.

[Embodiment 5]

This embodiment describes in detail a method of com-
pleting the light emitting panel which has finished fabrica-
tion up through the step of FIG. 9C in Embodiment 4 as the
light emitting device. The description will be given with
reference to FIGS. 10A and 10B.

FIG. 10A is a top view showing the organic light emitting
element that has been finished up through sealing. FIG. 10B
is a sectional view taken along the line A—A' of FIG. 10A.
Surrounded by dotted lines and denoted by 1001, 1002, and
1003 are a source side driving circuit, a pixel portion, and a
gate side driving circuit, respectively. 1004 denotes a cover
member and 1005 denotes a seal member. A space 1007 is
provided inside the seal member 1005.

1008 is a wiring line for sending signals that are inputted
to the source side driving circuit 1001 and the gate side
driving circuit 1003. The wiring line 1008 receives video
signals and clock signals from an FPC (flexible printed
circuit) 1010 that serves as an external input terminal.
Although the FPC alone is shown here, a printed wiring
board (PWB) may be attached to the FPC. In this specifi-
cation, the term light emitting device include not only a light
emitting module with FPC or PWB attached to a light
emitting panel but also a light emitting module mounted
with IC.

Next, the sectional structure will be described with ref-
erence to FIG. 10B. Above a substrate 1000, the pixel
portion 1002 and the gate side driving circuit 1003 are
formed. The pixel portion 1002 is composed of a plurality of
pixels each including a current controlling TFT 1011 and a
transparent electrode 1012 that is electrically connected to a
drain of the TFT. The gate side driving circuit 1003 is
constructed using a CMOS circuit (see FIG. 9C) in which an
n-channel TFT 1013 and a p-channel TFT 1014 are com-
bined.

The transparent electrode 1012 functions as the anode of
the organic light emitting element. An interlayer insulating
film 1006 is formed on each side of the transparent electrode
1012. On the transparent electrode 1012, an organic com-
pound layer 1016 and a cathode 1017 of the organic light
emitting element are formed.

The cathode 1017 functions also as a wiring line common
to the plural pixels, and is electrically connected to the FPC
1010 through a connection wiring line 1009. All elements
that are included in the pixel portion 1002 and the gate side
driving circuit 1003 are covered with a passivation film
1018.

The cover member 1004 is bonded by the seal member
1005. A spacer formed of a resin film may be provided in
order to secure the distance between the cover member 1004
and the organic light emitting element. An airtight space is
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provided inside the seal member 1005 and filled with inert
gas such as nitrogen and argon. It is also effective to place
an absorbent, typically, barium oxide, in this airtight space.

The cover member may be glass, ceramics, plastics, or
metals. However, the material of the cover member has to be
light-transmissive when light is emitted toward the cover
member side. Plastics usable as the cover member include
FRP (fiberglass-reinforced plastics), PVF (polyvinyl fluo-
ride), Mylar, polyester, and acrylic.

By sealing the light emitting panel with the cover member
and the seal member in the manner described above, the
organic light emitting element is completely shut off to the
outside and external substances that accelerates degradation
of the organic compound layer by oxidation, such as mois-
ture and oxygen, are prevented from entering the element.
Accordingly, a light emitting device of high reliability can
be obtained.

The structure in this embodiment can be embodied by
freely combining with any of the structures in Embodiments
1 through 4.

[Embodiment 6]

This embodiment shows a specific example in which the
first mixed region 1708 and the second mixed region 1709
of the organic light emitting element shown in FIG. 17 have
concentration gradient.

First, ITO is formed to have a thickness of about 100 nm
by sputtering to form the anode 1702 on the glass substrate
1701. The glass substrate 1701 having the anode 1702 is
brought into a vacuum tank as the one shown in FIGS. 23A
and 23B. In this embodiment, four evaporation sources are
necessary in order to deposit by evaporation four kinds of
materials (three kinds of organic compounds and a metal for
forming a cathode).

First, the hole transporting region 1705 consisting solely
of spiro dimer of TAD (hereinafier referred to as S-TAD) is
formed to have a thickness of 30 nm at an evaporation rate
of 3 A’s. Thereafter, evaporation of spiro dimer of DPVBi
(hereinafter referred to as S-DPVBI) that is a light emitting
material is started and the evaporation rate thereof is gradu-
ally increased.

The evaporation rate of S-TAD is gradually reduced
immediately after evaporation of S-DPVBi is started,
whereby the first mixed region 1708 having concentration
gradient is formed. The first mixed region 1708 is to have a
thickness of 10 nm. The rate of change in evaporation rate
of S-TAD and S-DPVBi is adjusted such that evaporation of
S-TAD is ended and evaporation of S-DPVBI reaches a rate
of 3 A/s as the formation of the first mixed region is
completed.

After the light emitting region 1706 composed of
S-DPVBI is formed to have a thickness of 20 nm, evapo-
ration of Alq that is an electron transporting material is
started and the evaporation rate thereof is gradually
increased. The evaporation rate of S-DPVBI is gradually
reduced immediately after evaporation of Alq is started,
whereby the second mixed region 1709 having concentra-
tion gradient is formed. The second mixed region 1709 is to
have a thickness of 10 nm. The rate of change in evaporation
rate of S-DPVBi and Alq is adjusted such that evaporation
of S-DPVBI is ended and evaporation of Alq reaches a rate
of 3 A/s as the formation of the second mixed region is
completed.

Then evaporation of Alq alone is continued in order to
form the electron transporting region 1707. The region is 30
nm in thickness. Lastly, a ALLi alloy is deposited by
evaporation to have a thickness of about 150 nm as the
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cathode. Thus completed is an organic light emitting ele-
ment for emitting light of blue color, which is originated
from S-DPVBi.

[Embodiment 7]

This embodiment shows a specific example of the organic
light emitting element illustrated in F1G. 21B.

First, 1TO is formed to have a thickness of about 100 nm
by sputtering to form the anode 1702 on the glass substrate
1701. The glass substrate 1701 having the anode 1702 is
brought into a vacuum tank as the one shown in FIGS. 23A
and 23B. In this embodiment, five evaporation sources are
necessary in order to deposit by evaporation five kinds of
materials (three kinds of organic compounds and two kinds
of metals).

First, the hole transporting region 1705 consisting solely
of o-NPD is formed to have a thickness of 30 nm at an
evaporation rate of 3 A/s. While keeping the evaporation
rate of o-NPD to 3 A/s, evaporation of Alq that is a light
emitting material is started at an evaporation rate of 3 A/s.
In other words, the first mixed region 1708 containing
o-NPD and Alq at a ratio of 1:1 is formed by coevaporation.
The first mixed region is 10 nm in thickness.

As the first mixed region 1708 is completed, evaporation
of a-NPD is ended but evaporation of Alq is continued to
form the light emitting region 1706. The light emitting
region is 20 nm in thickness. Further continuing evaporation
of Alg, evaporation of BPhen that is an electron transporting
material is started at an evaporation rate of 3 A/s. In other
words, the second mixed region 1709 containing Alq and
Bphen at a ratio of 1:1 is formed by coevaporation. The
second mixed region is 10 nm in thickness.

As the second mixed region 1709 is completed, evapo-
ration of Alq is ended but evaporation of BPhen is continued
to form the electron transporting region 1707 with a thick-
ness of 30 nm. Further continuing evaporation of BPhen,
about 1 wt % of Li is added to form the electron injection
region 1711. The electron injection region is 10 nm in
thickness.

Lastly, an Al:Li alloy is deposited by evaporation to have
a thickness of about 150 nm as the cathode. Thus completed
is an organic light emitting element for emitting light of
green color, which is originated from Algq.

[Embodiment 8]

This embodiment shows a specific example of the organic
light emitting element illustrated in F1G. 22.

First, 1TO is formed to have a thickness of about 100 nm
by sputtering to form the anode 11002 on the glass substrate
11001. The glass substrate 11001 having the anode 11002 is
brought into a vacuum tank as the one shown in FIGS. 23A
and 23B. 1n this embodiment, seven evaporation sources are
necessary in order to deposit by evaporation seven kinds of
materials (five kinds of organic compounds and two kinds of
metals).

First, CuPC as a hole injection material is deposited by
evaporation to have a thickness of 20 nm, thereby forming
the hole injection region 11010. As the CuPC film reaches 20
nm to end evaporation of CuPC, without an interval, evapo-
ration of a-NPD that is a hole transporting material is started
at an evaporation rate of 3 A/s. The reason for allowing no
interval is, as described above, that formation of impurity
layers has to be avoided.

After the hole transporting region 11005 consisting solely
of a-NPD is formed to have a thickness of 20 nm, evapo-
ration of Alq that is a host material in relation to a light
emitting material is started at an evaporation rate of 3 A/s
while keeping the evaporation rate of a-NPD to 3 A/s. In
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other words, the first mixed region 11008 containing -NPD
and Alq at aratio of 1:1 is formed by coevaporation. The first
mixed region is 10 nm in thickness.

As the first mixed region 11008 is completed, evaporation
of o-NPD is ended but evaporation of Alq is continued to
form the light emitting region 11006. The light emitting
region is 20 nm in thickness. At this point, the light emitting
region 11006 is doped with 1 wt % of DCM that is a
fluorescent pigment as the light emitting material 11012.

As the light emitting region 11006 is completed, evapo-
ration of DCM is ended but evaporation of Alq is further
continued. At the same time, evaporation of BPhen that is an
electron transporting material is started at an evaporation
rate of 3 A/s. In other words, the second mixed region 11009
containing Alq and Bphen at a ratio of 1:1 is formed by
coevaporation. The second mixed region is 10 nm in thick-
ness.

As the second mixed region 11009 is completed, evapo-
ration of Alq is ended but evaporation of BPhen is continued
to form the electron transporting region 11007 with a
thickness of 30 nm. Further continuing evaporation of
BPhen, about 1 wt % of Li is added to form the electron
injection region 11011. The electron injection region is 10
nm in thickness.

Lastly, a Al:Li alloy is deposited by evaporation to have
a thickness of about 150 nm as the cathode. Thus completed
is an organic light emitting element for emitting light of red
color, which is originated from DCM.

[Embodiment 9]

This embodiment shows a specific example in which a
triplet light emission material is employed as the light
emitting material 11012 of the organic light emitting ele-
ment illustrated in F1G. 22.

First, 1TO is deposited into a thickness of about 100 nm
by sputtering to form an 1TO electrode (anode) on the glass
substrate. On the glass substrate, poly(3-hexyl)thiophen
doped with iodine is formed into a film with a thickness of
20 nm by spin coating as the hole injecting region. Benzene
is used as a solvent, and iodine is dissolved in the same
solvent for the doping. After the film is formed, benzene
used as a solvent is removed by heating.

The substrate having the 1TO electrode thus coated with
a conductive polymer material is brought into a vacuum tank
as the one shown in FIGS. 23A and 23B. In this embodi-
ment, six evaporation sources are necessary in order to
deposit by evaporation six kinds of materials (five kinds of
organic compounds and a metal for forming a cathode).

First, the hole transporting region consisting solely of
a-NPD is formed at an evaporation rate of 3 A/s to have a
thickness of 40 nm. Thereafter, while keeping the evapora-
tion rate of o-NPD to 3 A/s, evaporation of BAIlq that is a
host material in relation to the light emitting material is
started at an evaporation rate of 3 A/s. In other words, the
first mixed region 11008 containing o-NPD and BAlq at a
ratio of 1:1 is formed by coevaporation. The first mixed
region 11008 is 10 nm in thickness.

As the first mixed region 11008 is completed, evaporation
of a-NPD is ended but evaporation of BAlq is continued to
form the light emitting region 11006. The light emitting
region is 20 nm in thickness. At this point the light emitting
region 11006 is doped with 5 wt % of Ir(ppy); that is a triplet
light emission material as the light emitting material 11012.

As the light emitting region 11006 is completed, evapo-
ration of Ir(ppy); is ended but evaporation of BAlq is further
continued. At the same time, evaporation of Alq that is an
electron transporting material is started at an evaporation
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rate of 3 A/s. In other words, the second mixed region 1709
containing BAlq and Alq at a ratio of 1:1 is formed by
coevaporation. The second mixed region 1709 is 10 nm in
thickness.

As the second mixed region 11009 is completed, evapo-
ration of BAlq is ended but evaporation of Alq is continued
to form the electron transporting region with a thickness of
30 nm Then, Li(acac) is deposited by evaporation to have a
thickness of 2 nm as the electron injection region.

Lastly, Al is deposited by evaporation to have a thickness
of about 150 nm as the cathode. Thus completed is a triplet
light emitting element for emitting light of green color
which is originated from Ir(ppy)s.

[Embodiment 10]

This embodiment describes a light emitting device that
includes an organic light emitting element according to the
present invention. FIGS. 24A and 24B are sectional views of
an active matrix light emitting device that uses an organic
light emitting element of the present invention.

A thin film transistor (hereinafter referred to as TFT) is
used here as an active element, but the active element may
be a MOS transistor. The TFT shown as an example is a top
gate TFT (planar TFT, to be specific), but a bottom gate TFT
(typically a reverse stagger TFT) may be used instead.

In FIG. 24A, 11201 denotes a substrate. The substrate
used here can transmit visible light so that light is sent to the
outside from the substrate side. Specifically, a glass sub-
strate, a quartz substrate, a crystal glass substrate, or a plastic
substrate (including a plastic film) can be used. The substrate
11201 refers to the substrate plus an insulating film formed
on the surface of the substrate.

On the substrate 11201, a pixel portion 11211 and a
driving circuit 11212 are provided. The pixel portion 11211
will be described first.

The pixel portion 11211 is a region for displaying an
image. A plurality of pixels are placed on the substrate, and
each pixel is provided with a TFT 11202 for controlling a
current flowing in the organic light emitting element (here-
nafter referred to as current controlling TFT), a pixel
electrode (anode) 11203, an organic compound film 11204,
and a cathode 11205. Although only the current controlling
TFT is shown in FIG. 24A, each pixel has a TFT for
controlling a voltage applied to a gate of the current con-
trolling TFT (hereinafter referred to as switching TFT).

The current controlling TFT 11202 here is preferably a
p-channel TFT. Though an n-channel TFT may be used
instead, a p-channel TFT as the current controlling TFT is
more successful in reducing current consumption if the
current controlling TFT is connected to the anode of the
organic light emitting element as shown in FIGS. 24A and
24B. Note that, the switching TFT may be formed by either
an n-channel TFT or a p-channel TFT.

A drain of the current controlling TFT 11202 is electri-
cally connected to the pixel electrode 11203. In this embodi-
ment, a conductive material having a work function of 4.5 to
5.5 eV is used as the material of the pixel electrode 11203,
and therefore the pixel electrode 11203 functions as the
anode of the organic light emitting element. A light-trans-
missive material, typically, indium oxide, tin oxide, zinc
oxide, or a compound of these (ITO, for example), is used
for the pixel electrode 11203. On the pixel electrode 11203,
the organic compound film 11204 is formed.

On the organic compound film 11204, the cathode 11205
is provided. The material of the cathode 11205 is desirably
a conductive material having a work function of 2.5 to 3.5
eV. Typically, the cathode 11205 is formed from a conduc-
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tive film containing an alkaline metal element or an alkaline-
earth metal element, or from a conductive film containing
aluminum, or from a laminate obtained by layering an
aluminum or silver film on one of the above conductive
films.

A layer composed of the pixel electrode 11203, the
organic compound film 11204, and the cathode 11205 is
covered with a protective film 11206. The protective film
11206 is provided to protect the organic light emitting
element from oxygen and moisture. Materials usable for the
protective film 11206 include silicon nitride, silicon oxyni-
tride, aluminum oxide, tantalum oxide, and carbon (specifi-
cally, diamond-like carbon).

Next, the driving circuit 11212 will be described. The
driving circuit 11212 is a region for controlling timing of
signals (gate signals and data signals) to be sent to the pixel
portion 11211, and is provided with a shift register, a buffer,
and a latch, as well as an analog switch (transfer gate) or
level shifter. In FIG. 24A, the basic unit of these circuits is
a CMOS circuit composed of an n-channel TFT 11207 and
a p-channel TFT 11208.

Known circuit structures can be applied to the shift
register, the buffer, the latch, and the analog switch (transfer
gate) or level shifter. Although the pixel portion 11211 and
the driving circuit 11212 are provided on the same substrate
in FIGS. 24A and 24B, IC or LSI may be electrically
connected to the substrate instead of placing the driving
circuit 11212 on the substrate.

The pixel electrode (anode) 11203 is electrically con-
nected to the current controlling TFT 11202 in FIGS. 24A
and 24B but the cathode may be connected to the current
controlling TFT instead. In this case, the pixel electrode is
formed from the material of the cathode 11205 whereas the
cathode is formed from the material of the pixel electrode
(anode) 11203. The current controlling TFT in this case is
preferably an n-channel TFT.

The light emitting device shown in FIG. 24A is manu-
factured by a process in which formation of the pixel
electrode 11203 precedes formation of a wiring line 11209.
However, this process could roughen the surface of the pixel
electrode 11203. The roughened surface of the pixel elec-
trode 11203 may degrade characteristic of the organic light
emitting element since it is a current-driven type element.

Then the pixel electrode 11203 is formed after forming
the wiring line 11209 to obtain a light emitting device shown
in FIG. 24B. In this case, injection of current from the pixel
electrode 11203 can be improved compared to the structure
of FIG. 24A.

In FIGS. 24A and 24B, a forward-tapered bank structure
11210 separates the pixels placed in the pixel portion 11211
from one another. If this bank structure is reverse-tapered, a
contact between the bank structure and the pixel electrode
can be avoided. An example thereof is shown in FIG. 25.

In FIG. 25, a wiring line also serves as a separation
portion, forming a wiring line and separation portion 11310.
The shape of the wiring line and separation portion 11310
shown in FIG. 25 (namely, a structure with eaves) is
obtained by layering a metal that constitutes the wiring line
and a material lower in etch rate than the metal (a metal
nitride, for example) and then etching the laminate. This
shape can prevent short circuit between a cathode 11305 and
a pixel electrode 11303 or the wiring line. Unlike a usual
active matrix light emitting device, the cathode 11305 on the
pixel is striped in the device of FIG. 25 (similar to a cathode
in a passive matrix device).

FIG. 26 A shows an example in which an electrode struc-
ture effective when a conductive polymer material is used
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for a hole injection region is introduced to an active matrix
light emitting device. A sectional view thereof is shown in
FIG. 26A. A top view of the electrode structure in each pixel
is shown in FIG. 26B. According to the illustrated structure,
an anode in each pixel 11413 is not formed over the entire
surface but is striped and slits are formed between stripes of
a striped electrode 11403.

When an organic compound film is directly formed on this
structure, no light is emitted from the slit where the electrode
is not present. However, the entire surface of the pixel emits
light if a coat of conductive polymer 11414 is placed as
shown in FIG. 26 A. In other words, the conductive polymer
11414 forms a hole injection region and serves as an
electrode at the same time.

A merit of the light emitting device as the one in FIGS.
26A and 268 is that it is not necessary to use a transparent
material for the anode 11403. A sufficient amount of emitted
light can be taken out if the aperture ratio of the slit is 80 to
90%. Moreover, the conductive polymer 11414 forms a flat
surface and therefore uniform electric field is applied to the
organic compound film to lower the risk of breakdown.

FIGS. 27A and 27B show the exterior of the active matrix
light emitting device illustrated in FIG. 24B. FIG. 27A is a
top view thereof and FIG. 27B is a sectional view taken
along the line P-P' of FIG. 27A. The symbols in FIGS. 24A
and 24B are used in FIGS. 27A and 27B.

In FIG. 27A, 11501 denotes a pixel portion, 11502
denotes a gate signal side driving circuit, and 11503 denotes
a data signal side driving circuit. Signals to be sent to the
gate signal side driving circuit 11502 and the data signal side
driving circuit are inputted from a TAB (tape automated
bonding) tape 11505 through an input wiring line 11504.
Though not shown in the drawing, the TAB tape 11505 may
be replaced by a TCP (tape carrier package) that is obtained
by providing a TAB tape with an IC (integrated circuit).

Denoted by 11506 is the cover member that is provided in
an upper part of the light emitting device shown in FIG. 24B,
and is bonded with a seal member 11507 formed of a resin.
The cover member 11506 may be any material as long as it
does not transmit oxygen and water. In this embodiment, as
shown in FIG. 27B, the cover member 11506 is composed
of a plastic member 11506¢ and carbon films (specifically,
diamond-like carbon films) 115065 and 11506¢ that are
formed on the front and back of the plastic member 11506a,
respectively.

As shown in FIG. 27B, the seal member 11507 is covered
with a sealing member 11508 made of a resin so that the
organic light emitting element is completely sealed in an
airtight space 11509. The airtight space 11509 is filled with
inert gas (typically, nitrogen gas or noble gas), a resin, or
inert liquid (for example, liquid fluorocarbon typical
example of which is perfluoro alkane). It is also effective to
put an absorbent or deoxidant in the space.

A polarizing plate may be provided on a display face (the
face on which an image is displayed to be observed by a
viewer) of the light emitting device shown in this embodi-
ment. The polarizing plate has an effect of reducing reflec-
tion of incident light from the external to thereby prevent the
display face from showing the reflection of a viewer. Gen-
erally, a circular polarizing plate is employed. However, it is
preferable for the polarizing plate to have a structure with
less internal reflection by adjusting the index of refraction in
order to prevent light emitted from the organic compound
film from being reflected at the polarizing plate and traveling
backward.
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Any of organic light emitting elements according to the
present invention can be used as the organic light emitting
element included in the light emitting device of this embodi-
ment.

[Embodiment 11]

This embodiment shows an active matrix light emitting
device as an example of a light emitting device that includes
an organic light emitting element according to the present
invention. Unlike Embodiment 5, in the light emitting
device of this embodiment, light is taken out from the
opposite side of a substrate on which an active element is
formed (hereinafter referred to as upward emission). FIG. 28
is a sectional view thereof.

A thin film transistor (hereinafter referred to as TFT) is
used here as the active element, but the active element may
be a MOS transistor. The TFT shown as an example is a top
gate TFT (planar TFT, to be specific), but a bottom gate TFT
(typically a reverse stagger TFT) may be used instead.

A substrate 11601, a current controlling TFT 11602 that is
formed in a pixel portion, and a driving circuit 11612 of this
embodiment have the same structure as those of Embodi-
ment 5.

A first electrode 11603, which is connected to a drain of
the current controlling TFT 11602, is used as an anode in this
embodiment, and therefore is formed preferably from a
conductive material having a large work function. Typical
examples of the conductive material include metals such as
nickel, palladium, tungsten, gold, and silver. In this embodi-
ment, the first electrode 11603 desirably does not transmit
light. More desirably, the electrode is formed from a material
that is highly reflective of light.

On the first electrode 11603, an organic compound film
11604 is formed. Provided on the organic compound film
11604 is a second electrode 11605, which serves as a
cathode in this embodiment. Accordingly, the material of the
second electrode 11605 is desirably a conductive material
having a work function of 2.5 to 3.5 eV. Typically, a
conductive film containing an alkaline metal element or an
alkaline-earth metal element, or a conductive film contain-
ing aluminum, or a laminate obtained by layering an alu-
minum or silver film on one of the above conductive films
is used. However, being light-transmissive is indispensable
for the material of the second electrode 11605. Therefore,
when used for the second electrode, the metal is preferably
formed into a very thin film about 20 nm in thickness.

A layer composed of the first electrode 11603, the organic
compound film 11604, and the second electrode 11605 is
covered with a protective film 11606. The protective film
11606 is provided to protect the organic light emitting
element from oxygen and moisture. In this embodiment, any
material can be used for the protective film as long as it
transmits light.

The first electrode (anode) 11603 is electrically connected
to the current controlling TFT 11602 in FIG. 28 but the
cathode may be connected to the current controlling TFT
instead. In this case, the first electrode is formed from the
material of the cathode whereas the second electrode is
formed from the material of the anode. The current control-
ling TFT in this case is preferably an n-channel TFT.

Denoted by 11607 is a cover member and is bonded with
a seal member 11608 formed of a resin. The cover member
11607 may be any material as long as it transmits light but
not oxygen and water. In this embodiment, glass is used. An
airtight space 11609 is filled with inert gas (typically,
nitrogen gas or noble gas), a resin, or inert liquid (for
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example, liquid fluorocarbon typical example of which is
perfluoro alkane). It is also effective to put an absorbent or
deoxidant in the space.

Signals to be sent to the gate signal side driving circuit
and the data signal side driving circuit are inputted from a
TAB (tape automated bonding) tape 11614 through an input
wiring line 11613. Though not shown in the drawing, the
TAB tape 11614 may be replaced by a TCP (tape carrier
package) that is obtained by providing a TAB tape with an
IC (integrated circuit).

A polarizing plate may be provided on a display face (the
face on which an image is displayed to be observed by a
viewer) of the light emitting device shown in this embodi-
ment. The polarizing plate has an effect of reducing reflec-
tion of incident light from the external to thereby prevent the
display face from showing the reflection of a viewer. Gen-
erally, a circular polarizing plate is employed. However, it is
preferable for the polarizing plate to have a structure with
less internal reflection by adjusting the index of refraction in
order to prevent light emitted from the organic compound
film from being reflected at the polarizing plate and traveling
backward.

Any of organic light emitting elements according to the
present invention can be used as the organic light emitting
element included in the light emitting device of this embodi-
ment.

[Embodiment 12]

This embodiment describes a case of applying the present
invention to a passive (simple matrix) light emitting device.
The description will be given with reference to FIG. 11. In
FIG. 11, 1301 denotes a glass substrate and 1302 denotes an
anode formed from a transparent conductive film. In this
embodiment, the transparent conductive film is a compound
of indium oxide and zinc oxide which is deposited by
evaporation. Though not shown in FIG. 11, plural strips of
anodes are arranged in the direction perpendicular to the
plane of the drawing to form a stripe pattern.

Banks (1303a and 13035) are formed so as to fill gaps
between anodes 1302 arranged to form a stripe pattern. The
banks (1303¢ and 13035) are formed in the direction per-
pendicular to the plane of the drawing along the anodes
1302.

An organic compound layer having a laminate structure is
formed next. In this embodiment, copper phthalocyanine is
first deposited by evaporation to have a thickness of 30 to 50
nm as a first organic compound layer 1304.

Then a-NPD is deposited by evaporation to have a thick-
ness of 30 to 60 nm as a second organic compound layer
1305.

Further, a third organic compound layer 1306 is formed.
To form the third organic compound layer of this embodi-
ment, a pixel 13064 that emits red light, a pixel 13065 that
emits green light, and a pixel 1306¢ that emits blue light are
formed separately.

The pixel 13064 that emits red light is formed first. The
pixel 13064 that emits red light is obtained by forming a film
with a thickness of 30 to 60 nm through coevaporation of
Alqg, and DCM using a metal mask.

The pixel 13065 that emits green light is formed next. The
pixel 13065 that emits green light is obtained by forming a
film with a thickness of 30 to 60 nm through evaporation of
Alq, using a metal mask.

The pixel 1306¢ that emits blue light is formed next. The
pixel 1306¢ that emits blue light is obtained by forming a
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film with a thickness of 30 to 60 nm through evaporation of
BCP using a metal mask. At this point, an Alq, film may be
layered on the BCP film.

In this embodiment also, mixed layers are formed
between organic layers. Specifically, a first mixed layer is
formed at the interface between the first organic compound
layer and the second organic compound layer, and a second
mixed layer is formed at the interface between the second
organic compound layer and the third organic compound
layer. The mixed layers can be formed by the methods
shown in Embodiment Modes.

An organic light emitting element that emits light of
different colors is obtained through the above steps. Since
these organic compound layers are formed along grooves
defined by the banks (13034 and 13034), the layers are
arranged to form a stripe pattern in the direction perpen-
dicular to the plane of the drawing.

Thereafter, though not shown in FIG. 11, plural strips of
cathodes 1307 are arranged with the direction parallel to the
plane of the drawing set as the longitudinal direction so as
to form a stripe pattern that crosses the anodes 1302 at right
angles. The cathodes 1307 in this embodiment are formed
from MgAg by evaporation. Although not shown, wiring
lines are led out of the cathodes 1307 to reach a portion to
which an FPC is attached later, so that a given voltage is
applied to the cathodes.

After the cathodes 1307 are formed, a silicon nitride film
may be formed as a passivation film (not shown).

The organic light emitting element is formed on the
substrate 1301 in the manner described above. In this
embodiment, the lower electrodes serve as light-transmis-
sive anodes and therefore light generated by the organic
compound layers is emitted downward (toward the substrate
1301). However, the organic light emitting element may
have the reverse structure and the lower electrodes may
serve as light-shielding cathodes. In this case, light gener-
ated by the organic compound layers is emitted upward
(toward the opposite side of the substrate 1301).

Next, a ceramic substrate is prepared as a cover member
1308. In the structure of this embodiment, the cover member
does not need to be light-transmissive and therefore a
ceramic substrate is used. When the organic light emitting
element has the reverse structure as described above, it is
preferred for the cover member to be light-transmissive and
therefore a plastic or glass substrate is used.

The thus prepared cover member 1308 is bonded by a seal
member 1310 formed of a UV-curable resin. An airtight
space 1309 is provided inside the seal member 1310, and
filled with inert gas such as nitrogen and argon. It is also
effective to place an absorbent, typically, barium oxide, in
this airtight space 1309. Lastly, an anisotropic film (FPC)
1311 is attached to complete the passive light emitting
device.

This embodiment can be embodied by freely combining
with any element structure for an organic light emitting
element disclosed in the present invention.

[Embodiment 13]

This embodiment shows a passive matrix light emitting
device as an example of a light emitting device that includes
an organic light emitting element disclosed in the present
invention. FIG. 29A is a top view thereof and FIG. 29B is
a sectional view taken along the line P-P' of FIG. 29A.

In FIG. 29A, denoted by 11701 is a substrate, which is
formed of a plastic material here. The plastic material, which
can be used is a plate or film of polyimide, polyamide, an
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acrylic resin, an epoxy resin, PES (polyethylene sulfile), PC
(polycarbonate), PET (polyethylene terephthalate), or PEN
(polyethylene naphthalate).

11702 denotes scanning lines (anodes) formed from a
conductive oxide film. 1n this embodiment, the conductive
oxide film is obtained by doping zinc oxide with gallium
oxide. 11703 denotes data lines (cathodes) formed from a
metal film, a bismuth film, in this embodiment. 11704
denotes banks formed of an acrylic resin. The banks function
as partition walls that separate the data lines 11703 from one
another. The scanning lines 11702 and the data lines 11703
respectively form stripe patterns and the patterns cross each
other at right angles. Though not shown in F1G. 29A, an
organic compound film is sandwiched between the scanning
lines 11702 and the data lines 11703 and intersection por-
tions 11705 serve as pixels.

The scanning lines 11702 and the data lines 11703 are
connected to an external driving circuit through a TAB tape
11707. 11708 denotes a group of wiring lines comprised of
a mass of the scanning lines 11702. 11709 denotes a group
of wiring lines comprised of a mass of connection wiring
lines 11706 that are connected to the data lines 11703.
Though not shown, the TAB tape 11707 may be replaced by
TCP that is obtained by providing a TAB tape with an 1C.

In F1G, 29B, 11710 denotes a seal member and 11711
denotes a cover member that is bonded to a plastic member
11701 with the seal member 11710. A photo-curable resin
can be used for the seal member 11710. A preferable
material of the seal member is one which allows little gas
leakage and which absorbs little moisture. The cover mem-
ber is preferably made from the same material as the
substrate 11701, and glass (including quartz glass) or plastic
can be used. Here, a plastic material is used for the cover
member.

FI1G. 29C is an enlarged view of the structure of a pixel
region 11712. 11713 denotes an organic compound film.
Lower layers of the banks 11704 are narrower than upper
layers and therefore the banks can physically separate the
data lines 11703 from one another. A pixel portion 11714
surrounded by the seal member 11710 is shut off of the
outside air by a sealing member 11715 formed of a resin.
Degradation of the organic compound film is thus prevented.

In the light emitting device structured as above in accor-
dance with the present invention, the pixel portion 11714 is
composed of the scanning lines 11702, the data lines 11703,
the banks 11704, and the organic compound film 11713.
Therefore the light emitting device can be manufactured by
a very simple process.

A polarizing plate may be provided on a display face (the
face on which an image is displayed to be observed by a
viewer) of the light emitting device shown in this embodi-
ment. The polarizing plate has an effect of reducing reflec-
tion of incident light from the external to thereby prevent the
display face from showing the reflection of a viewer. Gen-
erally, a circular polarizing plate is employed. However, it is
preferable for the polarizing plate to have a structure with
less internal reflection by adjusting the index of refraction in
order to prevent light emitted from the organic compound
film from being reflected at the polarizing plate and traveling
backward.

Any of organic light emitting elements according to the
present invention can be used as the organic light emitting
element included in the light emitting device of this embodi-
ment.
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[Embodiment 14]

This embodiment shows an example of full-color light
emitting device. The full-color light emitting device in this
embodiment refers to a device that can show various colors
using primary colors of light, namely, red, green, and blue.

The most typical method to obtain full-color display is to
separately form an organic light emitting element that emits
red light, an organic light emitting element that emits green
light, and an organic light emitting element that emits blue
light using a conventional shadow mask technique. To
clarify, red, green, and blue organic light emitting elements
as those described in Embodiments 6 through 8 are formed
on a substrate of a light emitting device like the ones
described in Embodiments 10, 11, and 13.

Another method of obtaining full-color display is to use
color filters. In this method, organic light emitting elements
that emit white light are formed on a substrate having color
filters as shown in F1G. 30A. On the substrate, the color
filters are patterned and circuits as those shown in Embodi-
ments 10, 11, and 13 are formed. An example of a white light
emitting element according to the present invention is shown
in F1G. 30B.

1t is also possible to obtain full-color display by using a
color conversion method. 1n this method, organic light
emitting element that emits blue light are formed on a
substrate having color conversion layers. The color conver-
sion layers are films of fluorescent paints or other materials
that absorb visible light to emit light having a wavelength
longer than the wavelength of the absorbed visible light. On
the substrate, the color conversion layers are patterned and
circuits as those shown in Embodiments 10, 11, and 13 are
formed. An example of a blue light emitting element accord-
ing to the present invention is shown in FIG. 31B.

Other than these typical methods, a color conversion
method by photo bleaching can also be applied to the present
invention if proper materials are chosen.

[Embodiment 15]

This embodiments shows an example of attaching a
printed wiring board to the light emitting device shown in
Embodiment 13 to make the device into a module.

In a module shown in FIG. 32A. a TAB tape 12004 is
attached to a substrate 12001 (here including a pixel portion
12002 and wiring lines 12003a and 120035), and a printed
wiring board 12005 is attached to the substrate through the
TAB tape 12004.

A functional block diagram of the printed wiring board
12005 is shown in F1G. 32B. An 1C functioning as at least
/O ports (input or output portions) 12006 and 12009, a data
signal side driving circuit 12007, and a gate signal side
driving circuit 12008 are provided within the printed wiring
board 12005.

In this specification, a module structured by attaching a
TAB tape to a substrate with a pixel portion formed on its
surface and by attaching a printed wiring board that func-
tions as a driving circuit to the substrate through the TAB
tape as above is specially named a module with external
driving circuit.

Any of organic light emitting elements disclosed in the
present invention can be used as the organic light emitting
element included in the light emitting device of this embodi-
ment.

[Embodiment 16]

This embodiment shows an example of attaching a printed
wiring board to the light emitting device shown in Embodi-
ment 10, 11, or 13 to make the device into a module.
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In a module shown in FIG. 33A, a TAB tape 12105 is
attached to a substrate 12101 (here including a pixel portion
12102, a data signal side driving circuit 12103, a gate signal
side driving circuit 12104, and wiring lines 12103a and
12104a), and a printed wiring board 12106 is attached to the
substrate through the TAB tape 12105. A functional block
diagram of the printed wiring board 12106 is shown in FIG.
33B.

As shown in FIG. 33B, an IC functioning as at least 10
ports 12107 and 12110 and a contro] unit 12108 is provided
within the printed wiring board 12106. A memory unit
12109 is provided here but it is not always necessary. The
control unit 12108 is a portion having functions for control-
ling the driving circuits and correction of image data.

In this specification, a module structured by attaching a
printed wiring board that has functions as a controller to a
substrate on which an organic light emitting element is
formed as above is specially named a module with external
controller.

Any of organic light emitting elements disclosed in the
present invention can be used as the organic light emitting
element included in the light emitting device of this embodi-
ment.

[Embodiment 17]

This embodiment shows an example of light emitting
device in which an organic light emitting element is driven
in accordance with digital time gray scale display. The light
emitting device of the present invention can provide uniform
images in digital time gray scale display and therefore is
very useful.

FIG. 34A shows the circuit structure of a pixel that uses
an organic light emitting element. Tr represents a transistor
and Cs represents a storage capacitor. In this circuit, when a
gate line 1s selected, a current flows into Trl from a source
line and a voltage corresponding to the signal is accumulated
in Cs. Then a current controlled by the gate-source voltage
(Vg,) of Tr2 flows into Tr2 and the organic light emitting
element.

After Trl is selected, Tr1 is turned OFF to hold the voltage
(V) of Cs. Accordingly, a current continues to flow in an
amount dependent of V.

FIG. 34B shows a chart for driving this circuit in accor-
dance with digital time gray scale display. In digital time
gray scale display, one frame is divided into plural sub-
frames. FIG. 34B shows 6 bit gray scale in which one frame
is divided into six sub-frames. In this case, the ratio of light
emission periods of the sub-frames is 32:16:8:4:2:1.

FIG. 34C schematically shows driving circuits of TFT
substrate in this embodiment. A gate driver and a source
driver are provided on the same substrate. In this embodi-
ment, the pixel circuit and the drivers are designed to be
digitally driven. Accordingly, fluctuation in TFT character-
istic does not affect the device and the device can display
uniform images.

[Embodiment 18]

Being self-luminous, a light emitting device using an
organic light emitting element has better visibility in bright
places and wider viewing angle than liquid crystal display
devices. Therefore the light emitting device can be used for
display units of various electric appliances.

Given as examples of an electric appliance that employs
a light emitting device manufactured in accordance with the
present inverntion 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, por-
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table information terminals (such as mobile computers,
cellular phones, portable game machines, and electronic
books), and image reproducing devices equipped with
recording media (specifically, devices 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 important particularly for portable
information terminals because their screens are often slanted
when they are looked at. Therefore it is preferable for
portable information terminals to employ the light emitting
device using the organic light emitting element. Specific
examples of these electric appliance are shown in FIGS. 12A
to 12H.

FIG. 12A shows a display device, which is composed 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 accordance with the
present invention can be applied to the display unit 2003.
Since the light emitting device having the organic 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 broadcasting reception, and
for advertisement.

FIG. 12B 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 external connection port
2105, a shutter 2106, etc. The light emitting device manu-
factured in accordance with the present invention can be
applied to the display unit 2102.

FIG. 12C 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 connection port 2205, a
pointing mouse 2206, etc. The light emitting device manu-
factured in accordance with the present invention can be
applied to the display unit 2203.

FIG. 12D shows a mobile computer, which is composed
of a main body 2301, a display unit 2302, a switch 2303,
operation keys 2304, an infrared port 2305, etc. The light
emitting device manufactured in accordance with the present
invention can be applied to the display unit 2302.

FIG. 12E 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 information 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 reproducing device equipped with a
recording medium also includes home-video game
machines.

FIG. 12F 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.

FIG. 12G shows a video camera, which is composed 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 battery 2607, an
audio input unit 2608, operation keys 2609, etc. The light
emitting device manufactured in accordance with the present
invention can be applied to the display unit 2602.
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FIG. 12H shows a cellular phone, which is composed of
amain 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 manufactured 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.

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.

These electric appliances now display with increasing
frequency information sent through electronic communica-
tion lines such as the Internet and CATV (cable television),
especially, animation information. Since organic materials
have very fast response speed, the light emitting device is
suitable for animation display.

In the light emitting device, light emitting portions con-
sume power and therefore it is preferable to display infor-
mation in a manner that requires less light emitting portions.
When using the light emitting device in display units of
portable information terminals, particularly 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 information.

As described above, the application range of the light
emitting device manufactured in accordance with the present
invention is so wide that it is applicable to electric appli-
ances of any field. The electric appliances of this embodi-
ment can employ as their display units any light emitting
device that has an organic light emitting device disclosed in
the present invention.

[Embodiment 19]

The light emitting devices of the present invention which
have been described in the embodiments above have advan-
tages of low power consumption and long lifetime. Accord-
ingly, electric appliances that include those light emitting
devices as their display units can operate consuming less
power than conventional ones and are durable. The advan-
tages are very useful especially for electric appliances that
use batteries as power sources, such as portable equipment,
because low power consumption leads directly to conve-
niences (batteries last longer).

The light emitting device is self-luminous to eliminate the
need for back light as the one in liquid crystal displays, and
has an organic compound film whose thickness is less than
1 um. Therefore the light emitting device can be made thin
and light-weight. Electric appliances that include the light
emitting device as their display units are accordingly thinner
and lighter than conventional ones. This too leads directly to
conveniences (lightness and compactness in carrying them
around) and is very useful particularly for portable equip-
ment and like other electric appliances. Moreover, being thin
(unvoluminous) is doubtlessly useful for all of the electric
appliances in terms of transportation (a large number of
appliances can be transported in a mass) and installation
(space-saving).

Being self-luminous, the light emitting device is charac-
terized by having better visibility in bright places than liquid
crystal display devices and wide viewing angle. Therefore
electric appliances that include the light emitting device as
their display units are advantageous also in terms of easiness
in viewing display.
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To summarize, electric appliances that use a light emitting
device of the present invention have, in addition to merits of
conventional organic light emitting elements, namely, thin-
ness/lightness and high visibility, new features of low power
consumption and long lifetime, and therefore are very use-
ful.

This embodiment shows examples of the electric appli-
ances that include as display units the light emitting device
of the present invention. Specific examples thereof are
shown in FIGS. 35A to 36B. The organic light emitting
element included in the electric appliance of this embodi-
ment can be any element according to the present invention.
The light emitting device included in the electric appliance
of this embodiment can have any of the configurations
illustrated in FIGS. 24A to 34C.

FIG. 35A shows a display device using an organic light
emitting element. The display is composed of a case 12301a,
a support base 12302¢, and a display unit 123034. By using
a light emitting device of the present invention as the display
unit 12303q, the display can be thin and light-weight, as well
as durable. Accordingly, transportation is simplified, space is
saved in installation, and lifetime is long.

FIG. 35B shows a video camera, which is composed of a
main body 123015, a display unit 123025, an audio input
unit 123035, operation switches 123045, a battery 123055,
and an image receiving unit 123065. By using a light
emitting device of the present invention as the display unit
123025, the video camera can be thin and light-weight, and
consumes less power. Accordingly, battery consumption is
reduced and carrying the video camera is less inconvenient.

FIG. 35C shows a digital camera, which is composed of
amain body 12301¢, a display unit 12302¢, an eye piece unit
12304¢, and operation switches 12304¢. By using a light
emitting device of the present invention as the display unit
12302¢, the digital camera can be thin and light-weight, and
consumes less power. Accordingly, battery consumption is
reduced and carrying the digital camera is less inconvenient.

FIG. 35D shows an image reproducing device equipped
with a recording medium. The device is composed of a main
body 123014, a recording medium (such as CD, LD, or
DVD) 123024, operation switches 123034, a display unit
(A) 123044, and a display unit (B) 123054. The display unit
(A) 123044 mainly displays image information whereas the
display unit (B) 123054 mainly displays text information.
By using a light emitting device of the present invention as
the display unit (A) 123044 and the display unit (B) 123054,
the image reproducing device consumes less power and can
be thin and light-weight as well as durable. The image
reproducing device equipped with a recording medium also
includes CD players and game machines.

FIG. 35E shows a (portable) mobile computer, which is
composed of a main body 12301e, a display unit 12302¢, an
image receiving unit 12303¢, a switch 12304e, and a
memory slot 12305¢. By using a light emitting device of the
present invention as the display unit 12302¢, the portable
computer can be thin and light-weight, and consumes less
power. Accordingly, battery consumption is reduced and
carrying the computer is less inconvenient. The portable
computer can store information in a flash memory or a
recording medium obtained by integrating non-volatile
memories and can reproduce the stored information.

FIG. 35F shows a personal computer, which is composed
of a main body 12301/, a case 12302/, a display unit 12303/,
and a keyboard 12304/. By using a light emitting device of
the present invention as the display unit 123037, the personal
computer can be thin and light-weight, and consumes less
power. The light emitting device is a great merit in terms of
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battery consumption and lightness especially for a notebook
personal computer or other personal computers that are
carried around.

These electric appliances now display with increasing
frequency information sent through electronic communica-
tion lines such as the Internet and radio communications
such as radio wave, especially, animation information. Since
organic light emitting elements have very fast response
speed, the light emitting device is suitable for animation
display.

FIG. 36A shows a cellular phone, which is composed of
a main body 12401a, an audio output unit 12402a, an audio
input unit 12403q, a display unit 12404a, operation switches
124054, and an antenna 124064. By using a light emitting
device of the present invention as the display unit 12404q,
the cellular phone can be thin and light-weight, and con-
sumes less power. Accordingly, battery consumption is
reduced, carrying the cellular phone is easy, and the main
body is compact.

FIG. 36B shows audio (specifically, car audio), which is
composed of a main body 124015, a display unit 124025,
and operation switches 124035 and 124045. By using a light
emitting device of the present invention as the display unit
124025, the audio can be thin and light-weight, and con-
sumes less power. Although car audio is taken as an example
in this embodiment, the audio may be home audio.

It is effective to give the electric appliances shown in
FIGS. 35A to 36B a function of modulating the luminance
of emitted light in accordance with the brightness of the
surroundings where the electric appliances are used by
providing the electric appliances with photo sensors as
measures to detect the brightness of the surroundings. A user
can recognize image or text information without difficulties
if the contrast ratio of the luminance of emitted light to the
brightness of the surroundings is 100 to 150. With this
function, the luminance of an image can be raised for better
viewing when the surroundings are bright whereas the
luminance of an image can be lowered to reduce power
consumption when the surroundings are dark.

Various electric appliances that employ as light sources
the light emitting device of the present invention are also
thin and light-weight and can operate consuming less power,
which makes them very useful appliances. Light sources of
liquid crystal display devices, such as back light or front
light, or light sources of lighting fixtures are typical uses of
the light emitting device of the present invention as a light
source.

When liquid crystal displays are used as the display units
of the electric appliances shown in FIGS. 35A to 36B
according to this embodiment, the electric appliances can be
thin and light-weight and consume less power if those liquid
crystal displays use as back light or front light the light
emitting device of the present invention.

[Embodiment 20]

In this embodiment, an example of an active matrix type
constant-current driving circuit is described, which is driven
by flowing the constant current in the organic light emitting
element of the present invention. The circuit structure
thereof is shown in FIG. 37.

The pixel 1810 shown in FIG. 37 has the signal line Si, the
first scanning line Gj, the second scanning line Pj and the
power source line Vi. In addition, the pixel 1810 has Trl,
Tr2, Tr3, Trd, the organic light emitting element 1811 of a
mixed junction type and the retention capacitor 1812.

Both gates of Tr3 and Tr4 are connected with the first
scanning line Gj. As for the source and the drain of Tr3, the
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one is connected with the signal line Si, the other is
connected with the source of Tr2. Further, the source and the
drain of Tr4, the one is connected with the source of Tr2, the
other is connected to the gate of Trl. Thus, the either of the
source and the drain of Tr3 and the either of the source or the
drain of Trd are connected with each other.

The source of Trl is connected with the power source line
Vi, the drain is connected with the source of Tr2. The gate
of Tr2 is connected to the second scanning line Pj. And, the
drain of the Tr2 is connected with a pixel electrode in the
organic light emitting element 1811. The organic light
emitting element 1811 has the pixel electrode, the counter
electrode and the organic light emitting layer provided
between the pixel electrode and the counter electrode. The
counter electrode of the organic light emitting element 1811
is applied constant voltage by a power source provided at the
external of a light emitting panel.

Tr3 and Trd can adopt both n-channel type TFT and
p-channel type TFT. However, the polarities of T3 and Trd
are the same. Further, Trl can adopt both n-channel type
TFT and p-channel type TFT. Tr2 can adopt both n-channel
type TFT and p-channel type TFT. With respect to the
polarity, in the case of the pixel electrode of the light
emitting electrode and the counter electrode, the one is an
anode, the other is a cathode. In the case that the Tr2 is an
n-channel type TFT, it is preferable to use the cathode as a
pixel electrode, and the anode as a counter electrode.

The retention capacitor 1812 is formed between the gate
and the source of Trl. The retention capacitor 1812 is
provided to maintain more certainly the voltage (V)
between the gate and the source of Trl. However, it is not
necessary always provided.

In the pixel shown in FIG. 37, the current supplied to the
signal line Si is controlled at the current source of the signal
line driving circuit.

By applying the above-mentioned circuit structure, the
constant-current driving can be realized, by which the
brightness can be kept by flowing a constant current in the
organic light emitting element. The organic light emitting
element having a mixture region of the present invention has
a longer lifetime than that of prior organic light emitting
element. The organic light emitting element is effective
because longer lifetime can be realized by implementing
above-mentioned constant-current driving.

As described above, the present invention can lower
energy barriers at interfaces between organic layers in an
organic compound layer that has a laminate structure by
placing, in the interfaces, mixed layers formed of an organic
compound that constitutes one organic layer and an organic
compound that constitutes the other organic layer. This
improves injection of carriers between organic layers and
therefore an organic light emitting element that has low
drive voltage and long element lifetime can be obtained.

Furthermore, a light emitting device that consumes less
power and has longer lifetime can be obtained by carrying
out the present invention. Moreover, using this light emitting
device for a light source or a display unit makes an electric
appliance that consumes less power and lasts longer (and is
bright if the light emitting device is used as a light source).

TABLE 1
Combination 1st layer 2nd layer
A hole injecting layer hole transporting layer
B electron injecting layer electron transporting layer
C hole transporting layer light emitting layer
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TABLE 1-continued

Combination 1st layer 2nd layer
D electron transporting layer light emitting layer
E electron transporting layer hole blocking layer

What is claimed is:

1. A light emitting device comprising an organic light
emitting element comprising:

a hole injecting layer comprising a first organic compound
that serves as a hole injecting material in contact with
an anode;

a hole transporting layer comprising a second organic
compound that serves as a hole transporting material;
and

a mixed region comprising the first organic compound
and the second organic compound between the hole
injecting layer and the hole transporting layer.

2. A light emitting device according to claim 1, wherein

a concentration of the first organic compound in the mixed
region declines toward the hole transporting layer from the
hole injection layer.

3. A light emitting device according to claim 1, wherein
the organic light emitting element emits light from a triplet
excitation state.

4. An electronic appliance comprising a light emitting
device according to claim 1.

5. A light emitting device comprising an organic light
emitting element comprising:

ahole injecting layer comprising a first organic compound
that serves as a hole injecting material in contact with
an anode;

a hole transporting layer comprising a second organic
compound that serves as a hole transporting material;
and

a mixed layer comprising the first organic compound and
the second organic compound between the hole inject-
ing layer and the hole transporting layer.

6. A light emitting device according to claim 5, wherein

a concentration of the first organic compound in the mixed
layer declines toward the hole transporting layer from the
hole injection layer.

7. A light emitting device according to claim 5, wherein
the organic light emitting element emits light from a triplet
excitation state.
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8. An electronic appliance comprising a light emitting
device according to claim 3.
9. A light emitting device comprising an organic light
emitting element comprising:
an electron injecting layer comprising a first organic
compound that serves as an electron injecting material
in contact with a cathode;

an electron transporting layer comprising a second
organic compound that serves as an electron transport-
ing material; and

a mixed region comprising the first organic compound
and the second organic compound between the electron

s injecting layer and the electron transporting layer.
10. A light emitting device according to claim 9, wherein

a concentration of the first organic compound in the mixed
region declines toward the electron transporting layer from
the electron injecting layer.

20 11. A light emitting device according to claim 9, wherein
the organic light emitting element emits light from a triplet

excitation state.

12. An electronic appliance comprising a light emitting
device according to claim 5.
13. A light emitting device comprising an organic light
emitting element comprising:
an electron injecting layer comprising a first organic
compound that serves as an electron injecting material
in contact with a cathode;

an electron transporting layer comprising a second
organic compound that serves as an electron transport-
ing material; and

a mixed layer comprising the first organic compound and
the second organic compound between the electron
injecting layer and the electron transporting layer.

14. A light emitting device according to claim 13, wherein
a concentration of the first organic compound in the mixed
layer declines toward the electron transporting layer from
the electron injecting layer.

15. A light emitting device according to claim 13, wherein
the organic light emitting element emits light from a triplet
excitation state.
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16. An electronic appliance comprising a light emitting
device according to claim 13.
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