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Description

TECHNICAL FIELD

[0001] The present invention relates to a light-emitting
device using an oxide semiconductor thin-film transistor,
and more particularly, to a top-emission, bottom-emis-
sion, or both-side emission light-emitting device using an
organic EL element or an inorganic EL element for a light-
emitting layer; and to an image display apparatus using
the light-emitting device.

BACKGROUND ART

[0002] The International Publication WO 2005/088726
discloses a technique of using a transparent amorphous
oxide semiconductor film containing indium, gallium,
zinc, and oxygen as the channel layer (also called active
layer) of a thin-film transistor (TFT). The transparent
amorphous oxide semiconductor film can be formed at
a low temperature and is transparent to visible light, and
thereby a flexible transparent TFT can be formed on a
substrate such as a plastic plate or a plastic film.
[0003] Nomura K. et al., Nature, vol. 432, pp.488-492
(2004) discloses that a transparent amorphous oxide
semiconductor film having a composition ratio of
In:Ga:Zn being 1.1:1.1:0.9 according to an X-ray fluores-
cence method has a transmittance of approximately 80%
or more to visible light. It also describes that a transparent
TFT can be formed. According to Japanese Patent Ap-
plication Laid-Open No. 2002-76356, developments are
actively made in a TFT using, as the channel layer, a
transparent conductive oxide polycrystalline thin-film
containing ZnO as a main ingredient.
[0004] In recent years, a light-emitting device utilizing
organic electroluminescence (EL) has been actively re-
searched and developed. When the organic EL element
is applied to a display, active matrix driving is typically
performed. For the active matrix driving, a TFT made of
amorphous silicon or polycrystalline silicon is normally
employed.
[0005] There is proposed an active matrix organic EL
display for the purpose of providing a high-quality and
high-luminance display capable of preventing deteriora-
tion of a driving element and also capable of performing
television video display. Japanese Patent Application
Laid-Open No. H09-114398 discloses that an organic EL
display using two MOS field effect transistors each of
which includes an active layer made of single crystalline
silicon obtains high quality and prevents the deterioration
of the driving element.
[0006] As a result of studies made by the present in-
ventors in order to manufacture a transparent field effect
transistor using a transparent amorphous oxide semicon-
ductor film, the present inventors have found a phenom-
enon in which electric conductivity changes under visible
light having a specific wavelength.
[0007] In order to examine the phenomenon in details,

the present inventors performed experiments for meas-
uring electric conductivity during spectral light irradiation
(spectral sensitivity measurement experiments) as de-
scribed later. As a result, the present inventors have
found that the electric conductivity changes (increases)
in a short-wavelength range side of visible light because
of light absorption (see FIG. 9).
[0008] FIG. 9 is a graph showing the plotting of drain
currents at every wavelengths of irradiated spectral light
at the time of on-operation and at the time of off-operation
of a thin-film transistor (TFT) when the TFT is irradiated
with every 10 nm at the wavelengths of spectrum of vis-
ible light having a constant strength. In the case of irra-
diation with visible light, the off-current of the TFT is sig-
nificantly changed at the time of irradiation of light, par-
ticularly on a short-wavelength side. This change affects
the stable operation of the TFT. That is, the present in-
ventors have found for the first time that, in an actual
transparent amorphous oxide which is considered as be-
ing transparent to visible light, a change in electric con-
ductivity due to light excitation, that is, the generation of
photo carriers actually occurs in a visible light range.
[0009] Further, the present inventors have found a
problem that, even in a case where a material which is
normally considered as being transparent oxide (that is,
oxide which does not absorb light) is used for the active
layer of the TFT, when the TFT and the light-emitting
device are combined with each other for operation, the
operation of the TFT becomes unstable because the TFT
absorbs a part of short-wavelength light emitted from the
light-emitting device.
[0010] In order to prevent the light from affecting the
characteristics of such element, a light shielding unit such
as a light shielding film is normally provided. However,
when the light shielding unit is provided, the degree of
freedom of design in a device structure significantly re-
duces which utilizes the transparency of the active layer,
that is, the active layer itself of the TFT as a window layer.
[0011] US 2005/0140291 A discloses a light emitting
device with pixel regions comprising light emitting layers
for red, green, and blue. Nomura K. et al, Science, vol.
300, 23 May 2003, p. 1269-1272 discloses a transparent
thin-film transistor using transparent crystalline In-Ga-Zn
oxide in the channel. Tung Y.-J. et al, SID 2005 Digest,
p. 1546-1549, XPOO7012344 discloses a transparent a-
Si active matrix phosphorescent OLED display. And US
2004/0155846 A discloses a transparent active matrix
display based on a substrate and having a multiplicity of
active pixel elements.

DISCLOSURE OF THE INVENTION

[0012] In view of the above-mentioned circumstances,
an object of the present invention is to provide a light-
emitting device using a transparent oxide semiconductor
thin-film transistor which is capable of being stably oper-
ated without using the light shielding unit.
[0013] In order to attain the above-mentioned object,
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the present invention provides the light-emitting device
claimed in claim 1. The dependent claims relate to further
developments.
[0014] In the light-emitting device according the
present invention, the active layer may include an oxide
having a transmittance of 70% or more to light in a wave-
length range of 400 nm to 800 nm. The oxide of the active
layer may contain In,
Ga, and Zn, and may have an electron carrier concen-
tration smaller than 1018/cm3, and at least a part of the
oxide may be an amorphous oxide.
[0015] In the light-emitting device according to the
present invention, at least one of the source electrode,
the drain electrode, and the gate electrode include a
transparent conductive oxide. The lower electrode may
include a transparent conductive oxide. At least one of
the source electrode, the drain electrode, the gate elec-
trode, and the lower electrode may contain In, Ga, and
Zn, and may have an electron carrier concentration of
1018/cm3 or more, and at least a part of the oxide may
be an amorphous oxide. The light-emitting layer may in-
clude an organic EL element.
[0016] An image display apparatus according to the
present invention is constructed by using any of the
above-described light-emitting devices.
[0017] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a schematic cross-sectional view showing
a structure of a light-emitting device according to an
embodiment of the present invention.
FIG. 2 is a schematic diagram showing the light-emit-
ting device according to the embodiment of the
present invention in a case where TFTs are arranged
in red pixel regions.
FIG. 3 is a schematic diagram showing the light-emit-
ting device according to the embodiment of the
present invention in a case where TFTs are arranged
in red pixel regions and green pixel regions.
FIGS. 4A, 4B, 4C and 4D each are a schematic
cross-sectional view showing a thin-film transistor
used in the embodiment of the present invention.
FIG. 5 is a circuit diagram of a light-emitting device
in a case where the light-emitting device is used as
a display.
FIG. 6 is a graph showing a result obtained by spec-
tral sensitivity measurement for an amorphous oxide
produced in Example 1 of the present invention.
FIG. 7 is a schematic view showing a structure of a
top-gate MISFET device manufactured in Example
2 of the present invention.
FIG. 8 is a graph showing a current-voltage charac-

teristics of the top-gate MISFET device manufac-
tured in Example 2 of the present invention.
FIG. 9 is a graph showing a result obtained by meas-
urement made on an on-current and an off-current
of the top-gate MISFET device manufactured in Ex-
ample 2 of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, a light-emitting device according to
an embodiment of the present invention will be described
with reference to the attached drawings.
[0020] The embodiment of the present invention is ap-
plied to a light-emitting device using the above-men-
tioned transparent film. Specifically, the present embod-
iment is applied to a light-emitting device which is driven
by TFT including a semiconductor film which is the above-
mentioned transparent film, and more particularly, to a
light-emitting device which emits light by driving an or-
ganic EL element and is used for a light source or a dis-
play for color display using three-primary-color pixels.
[0021] Visible light is normally considered as light hav-
ing a wavelength of approximately 400 nm to approxi-
mately 800 nm. In a case where a material is regarded
as transparent, it may be normally the case where the
transmittance of the material is 70% or more. According
to the description of Nature, vol. 432, pp.488-492 (2004)
(see FIG. 2) described above, an oxide used in this em-
bodiment has transmittance of at least 70% or more.
[0022] Therefore, the transparent oxide in this embod-
iment is defined as an oxide having a light transmittance
of 70% or more to light having a wavelength range of 400
nm to 800 nm (visible light). The transparent oxide in this
embodiment includes not only an oxide having the light
transmittance of 70% or more to light having the entire
wavelength range of 400 nm to 800 nm but also an ox-
ide.having the light transmittance of 70% or more at a
wavelength which is a part of the above-mentioned wave-
length range.
[0023] As regards the point that the transparency of
the oxide to light having the above-described wavelength
range is high, the oxide desirably has a transmittance of
80% or more, more desirably 90% or more.
[0024] FIG. 1 shows an example of a fundamental
structure of the light-emitting device according to this em-
bodiment. The light-emitting device is a bottom-emission
light-emitting device including three-primary-color pixels
for emitting blue, green and red lights (blue pixel, green
pixel, and red pixel) which are provided in a pixel region
on a substrate.
[0025] In FIG. 1, an active layer (channel layer) 102
made of a specific semiconductor material in the present
invention, a drain electrode 100, a source electrode 105,
a gate insulating layer 103, and a gate electrode 104 are
formed on or above a substrate (glass substrate) 101,
thereby constructing each of TFTs (pixel region trans-
parent oxide TFTs) 11 located in the pixel region (pixel
portion region) of the light-emitting device. In each of the
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TFTs 11, the source electrode 105 and the drain elec-
trode 100 are directly connected with the active layer
102. A drain current flowing through the active layer 102
between the source electrode 105 and the drain elec-
trode 100 is controlled by a gate voltage applied to the
gate electrode 104 through the gate insulating layer 103.
[0026] A lower electrode 107, an organic light-emitting
layer 108, and the counter electrode 109, and a passi-
vation film 112 are arranged on or above the TFT 11
through an interlayer insulating layer 106 and a planariz-
ing film 110. The lower electrode 107 is located under
the organic light-emitting layer 108 (on the substrate
side). The lower electrode 107 is connected with the drain
electrode 100 of the TFT 11 through a contact hole. The
lower electrode 107 is electrically insulated from a portion
other than the drain electrode 100 of the TFT 11 through
the interlayer insulating layer 106 and the planarizing film
110. The counter electrode 109 is located on the organic
light-emitting layer 108. When the TFT is in an ON state,
a voltage is applied to the organic light-emitting layer 108
located between the lower electrode 107 and the counter
electrode 109 to emit light therefrom.
[0027] The organic light-emitting layer 108 includes a
blue light-emitting layer 108a, a red light-emitting layer
108b, and a green light-emitting layer 108c provided in
a blue pixel region a1, a red pixel region
a2, and a green pixel region a3, respectively, which con-
stitute a pixel region on the glass substrate 101. The light-
emitting layers 108a, 108b, and 108c are located adja-
cent to one another through an element isolation film 111.
[0028] In FIG. 1, the active layer of each of the TFTs
11 arranged in the pixel region on the glass substrate
101 is made of a transparent oxide. The transparent oxide
in this embodiment (for example, transparent amorphous
oxide) causes a phenomenon in which photo carriers
generate in a short-wavelength range of visible light. For
example, in the case of the transparent amorphous oxide,
tail absorption which may be caused by a disturbance
resulting from the amorphous structure or defect levels
appears in the optical band gap. Even when, for example,
ZnO having a crystalline structure (optical band gap 3.35
eV: 370nm) is used, there occurs a case where absorp-
tion caused by crystal grain boundaries or defect levels
in a normal polycrystal appears in a visible light wave-
length range of 400 nm or more.
[0029] Therefore, in this embodiment, the TFTs 11 are
provided in a region other than the blue pixel (ideal blue
light emission peak is 470 nm) region a1 which is irradi-
ated with light having a wavelength range of at least 400
nm to 500 nm. Specifically, the TFTs 11 are provided
above or under the organic light-emitting layer 108 locat-
ed in the green pixel region a3 or the red pixel region a2.
[0030] FIG. 1 shows the example in which the TFTs
11 are provided under the red light-emitting layer 108b
located in the red pixel region a2. In FIG. 1, TFT b1 for
a blue pixel, TFT b2 for a red pixel, and TFT b3 for a
green pixel are located in the red pixel region a2.
[0031] FIG. 1 shows the example in which the red light-

emitting layer 108b of the organic light-emitting layer 108
is located above the TFT 11. However, the present in-
vention is not limited to such a structure. For example, it
is possible to employ a structure in which the red light-
emitting layer 108b and the green light-emitting layer
108c of the organic light-emitting layer 108 are formed
above the TFTs 11. In order words, it is only necessary
to employ a structure in which the blue light-emitting layer
108a of the organic light-emitting layer 108 is not located
above the TFTs 11.
[0032] FIGS. 2 and 3 are schematic diagrams showing
an arrangement of the TFTs 11 in the respective color
pixel regions. FIGS. 2 and 3 show the arrangement of
the TFTs located in the pixel regions of a color display
light-emitting device using three-primary-color pixels.
[0033] FIG. 2 shows an example in which the trans-
parent oxide TFTs 11 are located in only the red pixel
region
a2. According to this example, in addition to the red pixel
TFT b2, the blue pixel TFT b1 and the green pixel TFT
b3 are located in only the red pixel region a2.
[0034] FIG. 3 shows an example in which the trans-
parent oxide TFTs 11 are located in the red pixel region
a2 and the green pixel region a3. According to this ex-
ample, in addition to the red pixel TFT b2, the blue pixel
TFT b1 is located in the red pixel region a2. The green
pixel TFT b3 is located in the green pixel region a3.
[0035] In addition, the transparent oxide TFTs 11 may
be located in only the green pixel region a3. In this case,
in addition to the green pixel TFT b3, the blue pixel TFT
b1 and the red pixel TFT b2 are located in the green pixel
region a3. In other words, when the transparent oxide
TFTs 11 are located in the region(s) other than the blue
pixel region a1, any of the TFT arrangements can be
applied.
[0036] Therefore, according to this embodiment, when
such a structure is employed, it is possible to obtain a
light-emitting device which eliminates the operational in-
stability of the TFTs which is caused by a change in in-
tensity of light emitted from the blue pixel to perform a
stable operation without using the light shielding unit. In
addition, it is possible to provide a light-emitting device
using a substrate which is light in weight and resistant to
break, such as a plastic substrate, or a substrate having
flexibility, and a light-emitting device having a structure
in which an aperture ratio does not reduce even in the
case of a bottom-emission type or a structure capable of
performing both-side light emission.
[0037] This embodiment shows the example in which
the organic light-emitting layer 108 is provided above the
TFTs 11. A structure longitudinally reverse to the struc-
ture shown in FIG. 1 may be employed to form the TFTs
11 above the red light-emitting layer 108b and the green
light-emitting layer 108c. In this case, the lower electrode
107 adjacent to the organic light-emitting layer 108 is
apparently located thereabove. When the lower elec-
trode 107 is connected with the drain electrode1 100, the
same function is obtained. The planarizing film 110 can
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be omitted, so that it is advantageous in manufacturing
cost of the light-emitting device.
[0038] When a portion of the active layer 102 (In-Ga-
Zn-O film) located under the drain electrode 100 is set
to have a carrier concentration of 1018/cm3 or more, it
can serve as both the drain electrode 100 and the lower
electrode 107. In this case, it is desirable that the In-Ga-
Zn-O film of the active layer 102 serve as a hole injection
layer and be connected with an anode portion of the or-
ganic light-emitting layer 108.
[0039] Next, respective constituent components of the
light-emitting device according to the present invention
will be described in detail.

1. Substrate

[0040] A glass substrate is normally used for the light-
emitting device. In this embodiment, the glass substrate
is used. The substrate to be used in the present invention
is not limited to this. Fundamentally, only flatness is nec-
essary. The TFT to be used in the present invention can
be formed at a low temperature, so that it is possible to
employ the plastic substrate which is normally difficult to
use for the active matrix structure. Therefore, the light-
emitting device which is light in weight and resistant to
break is obtained, with the result that it can be bent to
some extent. In addition, it is possible to use a semicon-
ductor substrate or a ceramic substrate, which includes
Si. In the case of flatness, a metal substrate on which an
insulating layer is provided can be used.

2. TFT .

[0041] A TFT includes a three terminal device having
a gate terminal, a source terminal, and a drain terminal.
The TFT uses a semiconductor thin film formed on an
insulating substrate made of ceramic, glass, plastic, or
the like as an active layer (channel layer) through which
electrons or holes move. Further, the TFT is an active
device having a function for controlling a current flowing
through the channel layer in accordance with a voltage
applied to the gate terminal to control switching of a cur-
rent flowing between the source terminal and the drain
terminal..
[0042] As shown in FIGS. 4A to 4D, any of a stagger
(top-gate).TFT (FIG. 4A), a reverse stagger (bottom-
gate) TFT (FIG. 4B), a coplanar TFT (FIG. 4C), and a
reverse coplanar TFT (FIG. 4D) can be applied to the
TFT structure. In FIGS. 4A to 4D, on or above a substrate
1, an active layer (channel layer) 2, a source terminal
(source electrode) 3, a drain terminal (drain electrode)
4, a gate insulating film 5, and a gate terminal (gate elec-
trode) 6 are formed.
[0043] Any of a single-crystalline oxide, a polycrystal-
line oxide, an amorphous oxide, and mixtures thereof
can be applied to the transparent oxide. The polycrystal-
line oxide is, for example, ZnO or ZnGaO. The amor-
phous oxide is described in detail in the pamphlet of WO

2005/088726.
[0044] In this embodiment, a description will be made
of a case where an amorphous oxide is applied to an
active layer material. As an active layer of a normally-off
TFT, an oxide film having an electron carrier concentra-
tion of less than 1018/cm3 is desirably used. Specifically,
the oxide film includes In, Ga, Zn and O, and its compo-
sition in a crystalline state is represented by
InGaO3(ZnO)m (where m represents a natural number
of less than 6). Alternatively, the oxide film includes In,
Ga, Zn, Mg and O, and its composition in a crystalline
state is represented by InGaO3(Zn1-xMgxO)m (where m
represents a natural number of less than 6 and 0 < x ≤ 1).
[0045] Further, the electron mobility of the oxide ma-
terials increases with increasing number of conduction
electrons. A glass substrate, a plastic substrate or a plas-
tic film made of a resin, or the like can be used as a
substrate for forming a TFT thereon. Further, an amor-
phous oxide film having a small electron carrier concen-
tration and a large electron mobility can be produced with
an amorphous oxide formed of an oxide of at least one
element of Zn, In, and Sn. The amorphous oxide film has
specific property of increasing the electron mobility with
increasing number of conduction electrons. A normally-
off TFT excellent in transistor characteristics such as an
on-off ratio, a saturation current in a pinch-off state, and
a switching speed can be produced with the film.
[0046] For the semiconductor layer, it is possible to
use an amorphous oxide containing at least one element
of Sn, In, and Zn. Further, when Sn is to be selected as
at least one of constituent elements of the amorphous
oxide, Sn can be substituted with Sn1-xM4x (where 0 < x
< 1, and M4 is selected from the group consisting of Si,
Ge and Zr which are group IV elements having an atomic
number smaller than that of Sn). Further, when In is to
be selected as at least one of constituent elements of the
amorphous oxide, In can be substituted by In1-yM3y
(where 0 < y < 1, and M3 is selected from the group
consisting of Lu and Y as well as B, Al and Ga which are
group III elements having an atomic number smaller than
that of In). When Zn is to be selected as at least one of
constituent elements of the amorphous oxide, Zn can be
substituted by Zn1-ZM2Z (where 0 < Z < 1, and M2 is
selected from the group consisting of Mg and Ca which
are group II elements having an atomic number smaller
than that of Zn).
[0047] The amorphous material including a Sn-In-Zn
oxide, an In-Zn-Ga-Mg oxide, an In oxide, an In-Sn oxide,
an In-Ga oxide, an In-Zn oxide, a Zn-Ga oxide and an
Sn-In-Zn oxide can be applied. A composition ratio of
constituent materials is not necessarily set to 1:1. When
Zn or Sn is used alone, it may be difficult to produce an
amorphous. However, when In is added thereto, it is easy
to produce an amorphous phase. For example, in the
case of In-Zn system, a ratio of the number of atoms
except for oxygen is desirably adjusted to obtain a com-
position having a In concentration of approximately 20
atomic% or more. In the case of Sn-In system, the ratio
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of the number of atoms except for oxygen is desirably
adjusted to obtain a composition having a In concentra-
tion of approximately 80 atomic% or more. In the case
of Sn-In-Zn system, a ratio of the number of atoms except
for oxygen is desirably adjusted to obtain a composition
having a In concentration of approximately 15 atomic%
or more.
[0048] When a clear diffraction peak is not detected
(that is, halo pattern is observed) in the case where X-
ray diffraction is performed on a thin film as a measure-
ment target at a low incident angle of approximately 0.5
degrees, it can be determined that the thin film is amor-
phous. In this embodiment, when any one of the above-
mentioned materials is used for the channel layer of the
thin-film transistor, it is not excluded that the channel lay-
er contains a constituent material with a microcrystal
state. Microcrystals existing in the amorphous oxide can
be confirmed, for example, using a transmission electron
microscope.
[0049] In a thin-film transistor using the above-de-
scribed transparent oxide film, it is desirable to use Al2O3,
Y2O3, or HfO2, or a mixed crystal compound containing
at least two of those compounds, for a gate insulating
film. When a defect exists in an interface between the
gate insulating film and the thin-film of the channel layer,
the electron mobility reduces and hysteresis occurs in
the transistor characteristics. A leakage current is signif-
icantly changed according to the type of the gate insu-
lating film. Therefore, it is necessary to select a gate in-
sulating film suitable for the channel layer. When an
Al2O3 film is used, the leakage current can be reduced.
When a Y2O3 film is used, the hysteresis can be made
smaller. When an HfO2 film having a high dielectric con-
stant is used, the electron mobility can be increased.
When a mixed crystal film thereof is used, it is possible
to produce a TFT having a small leakage current, small
hysteresis and a large electron mobility. The gate insu-
lating film forming process and the channel layer forming
process can be performed at room temperature, so that
any of the stagger structure and the reverse stagger
structure can be formed as the TFT structure.

3. Interlayer Insulating Layer

[0050] A material of the gate insulating layer can be
used as such for an insulating layer serving as a base of
the lower electrode. For planarization, another insulating
layer can be formed. Also, it is possible to form the insu-
lating layer, for example, by forming a polyimide film by
spin coating, or forming a silicon oxide by a plasma CVD
method, a PECVD method, or an LPCVD method, or ap-
plying and baking alkoxide or the like. It is suitably nec-
essary to form contact holes for connection with the
source and the drain in the interlayer insulating layer.

4. Lower Electrode

[0051] The lower electrode and the drain electrode of

the TFT which is connected therewith may be the same
or different in composition. When the light-emitting layer
is a current injection layer represented by an organic EL
layer, a desirable lower electrode depends on the struc-
ture. For example, when the light-emitting layer connect-
ed with the lower electrode is an anode, it is desirable to
use a metal material having a large work function. Ex-
amples of the material include ITO, conductive tin oxide,
conductive ZnO, In-Zn-O, a Pt alloy, and an Au alloy. In
addition, an In-Ga-Zn-O material having an electron car-
rier concentration of 1018/cm3 or more can be used. In
this case, a high carrier concentration, for example, a
carrier concentration of 1019/cm3 or more is desirable
unlike the case of the TFT. In the case of direct connection
with the drain portion.of the TFT, ITO, the In-Ga-Zn-O
material (high carrier concentration), or an Au alloy is
particularly desirable.
[0052] The lower electrode made of ITO or the In-Ga-
Zn-O material (high carrier concentration) is transparent.
Therefore, even in the case of the bottom-emission type,
the aperture ratio can be increased.
[0053] In contrast to the above, when the light-emitting
layer connected with the lower electrode is a cathode, it
is desirable to use a metal material having a small work
function. Examples of the material include Ag-added Mg,
Li-added Al, silicide, boride, and nitride. In this case, the
connection with the drain portion of the TFT through a
wiring is more convenient than the directly connection
therewith.
[0054] When the drain electrode is to be directly con-
nected with the lower electrode, it is desirable that the
lower electrode be a hole injection electrode. In particu-
lar, it is desirable to use ITO, Al, or ZnO doped with Ga,
or an In-Ga-Zn-O material having a carrier concentration
of 1018/cm3 or more for the lower electrode. In particular,
in the case of the In-Ga-Zn-O material, the carrier con-
centration of a portion of the active layer can be increased
by, for example, an oxygen defect introduction method
to form the lower electrode. Therefore, the structure be-
comes simple and effective. In such a case, it appears
that a hole transport layer and a hole injection layer are
formed on the active layer. Such a structure is also within
the scope of the present invention. This means that the
lower electrode and the drain electrode are integrally
formed with the portion of the active layer.

5. Light-Emitting Layer

[0055] Although the light-emitting layer is not limited
as long as it can be driven by the transparent oxide TFT,
an organic EL element is particularly convenient. The
organic light-emitting layer used in this embodiment is a
single layer in few cases and thus normally has any of
the following multiple-layer structures.

(1) Hole transport layer/light-emitting layer + electron
transport layer (corresponding to light-emitting layer
having electron transport function)
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(2) Hole transport layer/light-emitting layer/electron
transport layer
(3) Hole injection layer/hole transport layer/light-
emitting layer/electron transport layer
(4) Hole injection layer/hole transport layer/light-
emitting layer/electron transport layer/electron injec-
tion layer

In addition, there is the case where an electron barrier
layer, an adhesion promoting layer, and the like are fur-
ther provided.
[0056] There is the case where fluorescence or phos-
phorescence is used in a light-emitting layer portion. It is
effective to use the phosphorescence in view of light
emission efficiency. Iridium complex is useful as a phos-
phorescent material. As a molecule to be used, both of
a molecule having a low molecular weight and a polymer
can be utilized. In the case of the molecule having a low
molecular weight, the light-emitting layer portion can be
normally formed by vapor deposition. In the case of the
polymer, the light-emitting layer portion can be normally
formed by ink-jet or printing. Examples of the molecule
having a low molecular weight include amine complexes,
anthracenes, rare earth complexes, and noble metal
complexes. Examples of the polymer include n-conjuga-
tion polymers and pigmented polymers.
[0057] A material for the electron injection layer in-
cludes alkali metal, alkaline earth metal, a compound
thereof, or an organic compound doped with an alkali
metal. A material for the electron transport layer includes
aluminum complexes, oxadiazoles, triazoles, or phenan-
throlines.
[0058] A material for the hole injection layer includes
arylamines, phthalocyanines, or organic compounds
doped with a Lewis acid. A material for the hole transport
layer includes arylamines.

6. Counter Electrode

[0059] A preferred material for the counter electrode
is changed depending on whether it is used in a top-
emission type or a bottom-emission type and used as a
cathode or an anode.
[0060] For example, in the case of the top emission
type, it is necessary that the counter electrode be trans-
parent. When the counter electrode is the anode, it is
also possible to use indium tin oxide (ITO), conductive
tin oxide, conductive ZnO, In-Zn-O, or an In-Ga-Zn-O
material having an electron carrier concentration of
1018/cm3 or more, which are the transparent conductive
oxide. When the counter electrode is the cathode, an
alloy doped with an alkali metal or alkaline earth metal
is formed in a thickness of several 10 nm or less and the
transparent conductive oxide is formed thereon, whereby
the counter electrode can be obtained.
[0061] In the case of the bottom emission type, it is
unnecessary that the counter electrode should be trans-
parent. Therefore, an Au alloy, a Pt alloy, or the like can

be used for the anode. In addition, Ag-added Mg, Li-add-
ed Al, silicide, boride, nitride, or the like can be used for
the cathode.

7. Other Electrode Lines

[0062] Metals such as Al, Cr, or W, an Al alloy, silicides
such as WSi or the like can be used for electrode lines
including a scanning electrode line serving as a gate elec-
trode line, a signal electrode line, or the like.
[0063] Next, a structural example in the case where
the light-emitting device is applied to a display will be
described with reference to FIG. 5.
[0064] In FIG. 5, a first transistor (driving transistor or
switching transistor) 41 drives an organic EL layer 44,
and a second transistor (pixel selection transistor) 42 se-
lects a pixel. A capacitor 43 for maintaining a selected
state, located between a common electrode line 47 and
a source electrode of the second transistor 42, stores
charges to hold a signal of a gate electrode of the first
transistor. The pixel selection is determined by scanning
electrode lines 45 and signal electrode lines 46.
[0065] More specifically, an image signal is applied as
a pulse signal from a driver circuit (not shown) to a gate
electrode of the second transistor 42 through the scan-
ning electrode line 45. At the same time, a signal is ap-
plied from another driver circuit (not shown) to a drain
electrode of the second transistor 42 through the signal
electrode line 46, thereby selecting a pixel. At this time,
the second transistor 42 is turned ON to store charges
in the capacitor 43 located between the common elec-
trode line 47 and the source electrode of the second tran-
sistor 42. Therefore, a gate voltage of the first transistor
41 is held to a desirable voltage, so that the first transistor
41 is turned on. Such a state is held until a next signal is
received. While the first transistor 41 is in an on-state, a
voltage and a current are being supplied to the organic
EL layer 44 to maintain light emission.
[0066] In the example shown in FIG. 5, each pixel in-
cludes two transistors and one capacitor. In order to im-
prove the performance, a larger number of transistors
and the like may be incorporated thereinto. The essence
of the present invention is to provide the oxide TFTs
which are the transparent TFTs which can be formed at
a low temperature in a region other than the
blue pixel region, for example, the red light-emitting layer
and the green light-emitting layer, thereby obtaining an
effective light-emitting device.
[0067] As described above, according to this embodi-
ment, a light-emitting device which is stably operated
without using the light shielding unit can be provided by
forming a light-emitting device using a semiconductor
thin-film transistor of an oxide which is transparent. In
addition, it is possible to provide a light-emitting device
using a substrate which is light in weight and resistant to
break, such as a plastic substrate, or a substrate having
flexibility. Further, it is possible to provide a light-emitting
device having a structure in which the aperture ratio does

11 12 



EP 1 999 791 B1

9

5

10

15

20

25

30

35

40

45

50

55

not reduce even in the case of the bottom-emission type
or a structure capable of performing both-side light emis-
sion.
[0068] In this embodiment, the structural example of
the organic EL element is described. Even in the case of
an inorganic EL element, the same structure is possible.
[0069] Next, examples of the present invention will be
described.

(Example 1)

[0070] In this example, experiments for spectral sen-
sitivity measurement were performed on the amorphous
oxide used in the present invention.
[0071] First, an amorphous In-Ga-Zn oxide was
formed on a substrate by a sputtering method. Specifi-
cally, the amorphous oxide was deposited in a thickness
of 50 nm on a glass substrate (Corning 1737 glass pro-
duced by Corning Incorporated) by a high-frequency
sputtering method under an atmosphere containing a gas
mixture of oxygen and argon. A sintered body of In:Ga:Zn
= 1:1:1 ’ was used as a target material. The reached
vacuum degree in a growth chamber was 8 3 10-4 Pa.
The total pressure of oxygen and argon was 5.3 3 10-1

Pa. The oxygen partial pressure was 1.8 3 10-2 Pa.
[0072] A substrate temperature was not particularly set
and thus film formation was performed without heating.
The room temperature during the film formation was ap-
proximately 25°C. An X-ray was made incident on ob-
tained films at an incident angle of 0.5 degrees relative
to the film surface thereof to perform X-ray diffraction (by
a thin film method). As a result, a clear peak was not
detected, so that it was determined that all of the pro-
duced In-Zn-Ga-O films were amorphous films.
[0073] Further, as a result of X-ray reflectance meas-
urement and pattern analysis, it was confirmed that the
root-mean-square roughness (Rrms) of the thin film was
approximately 0.5 nm and the film thickness thereof was
approximately 50 nm.
[0074] Further, as a result of X-ray fluorescence (XRF)
spectroscopy, the compositional ratio of metals in the
thin film was In:Ga:Zn = 1.00:0.94:0.65. From light ab-
sorption spectrum analysis, forbidden band energy width
of the form amorphous thin film was approximately 3.1
eV.
[0075] An electrode having a diameter of 1 mm was
formed on the obtained amorphous oxide film. Specifi-
cally, metal multilayer electrodes, each of which was
made of Au (40 nm) and Ti (5 nm), were formed at an
interval of 2 mm by mask vapor deposition to obtain a
specimen to be measured. The Au layer was located on
the uppermost side of each of the metal multilayer elec-
trodes.
[0076] The electric conductivity measurement (spec-
tral sensitivity characteristic evaluation) on the prepared
specimen was performed during the irradiation of differ-
ent-wavelength light beams (10 nm in interval) with a
predetermined light intensity (2.5 mW/cm2) at a bias volt-

age of 10 V. A CEP-2000 spectral sensitivity measure-
ment apparatus was used for the measurement. FIG. 6
shows a result obtained by the measurement.
[0077] As is apparent form the result shown in FIG. 6,
the produced amorphous film caused the generation of
photoexcited carrier and an increase in conductivity in a
short-wavelength range of the order of 450 nm (approx-
imately 2.8 eV) corresponding to an energy smaller than
approximately 3.1 eV which was the forbidden band en-
ergy width.. A photoexcited carrier generation amount in
the spectral sensitivity characteristic evaluation depend-
ed on an irradiation light intensity.

(Example 2)

[0078] In this example, as shown, in FIG. 7, a stagger
(top-gate) metal-insulator-semiconductor field effect
transistor (MISFET) device was manufactured.
[0079] First, a metal film was formed in a thickness of
30 nm on the glass substrate 1. The drain terminal 4 and
the source terminal 3 were formed by a photolithography
method and a lift-off method, and then an amorphous
film (IGZO) which was used as the channel layer (active
layer) 2 and had a metal composition ratio In : Ga : Zn =
1.00 : 0.94 : 0.65 was formed thereon in a thickness of
30 nm by a sputtering method. An amorphous oxide film
formation condition was the same as the condition of the
evaluation experiments. Finally, a Y2O3 film used as the
gate insulating film 5 was formed by an electron beam
deposition method, a metal (Au) film was formed thereon,
and the gate terminal 6 was formed by a photolithography
method and’ a lift-off method.
[0080] The I-V characteristics of the MISFET device
were evaluated during the irradiation of different light
beams each having a wavelength of 300 nm to 800 nm
(10 nm in interval) at a predetermined light intensity (0.1
mW/cm2) to measure an on-current and an off-current.
FIGS. 8 and 9 show results obtained by the measure-
ment.
[0081] FIG. 8 shows a result obtained by the I-V char-
acteristic evaluation of the MISFET device and FIG. 9
shows a result obtained by the measurement of the on-
current and the off-current. It was confirmed from the
results that in the case of the amorphous oxide MISEFT
device, the off-current and on-current were increased
during light irradiation at wavelengths of 450 nm or less
and a function of a switching device deteriorated in a
region irradiated with light emitted from a blue light-emit-
ting device.
[0082] This fact will be specifically described with ref-
erence to the case of the display shown in FIG. 5. The
gate voltage of the first transistor (switching transistor)
41 of the light-emitting device is maintained at a desirable
voltage, so that the first transistor becomes an on-state.
It is necessary that such a state be maintained until a
next signal is received. However, when the off-current is
increased by blue light irradiation at a wavelength of 450
nm or less, the desirable voltage cannot be maintained,
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so that the light emission cannot be maintained. When
the light-emitting device is used for the display, the on-
current of the first transistor 41 is changed by a change
in light emission intensity of a blue pixel, whereby the
light emission intensity is unstable.

(Example 3)

[0083] In this example, a light-emitting device in which
TFTs were arranged in the red pixel region is manufac-
tured.
[0084] First, MISFET devices were formed by substan-
tially the same method as the method used in Example
2. In a series of processes, each layer was formed at a
desirable size by a photolithography method and a lift-
off method. At this time, TFTs were arranged in the red
pixel region as in the case shown in FIG. 2. Then, an
insulating layer was formed by the same method and
contact holes for a drain electrode were formed therein.
[0085] After that, an ITO film was formed in a thickness
of 300 nm by a sputtering method to obtain a lower elec-
trode. At this time, drain electrodes were connected with
the lower electrode through the contact holes to form
wirings. Next, a hole injection layer was formed in a thick-
ness of 60 nm by a resistance evaporation method, and
a hole transport layer was formed thereon in a thickness
of 20 nm. Then, each of light-emitting layers of red, blue,
and green was formed in a thickness of 40 nm by a mask
vapor deposition method. Then, an electron transport lay-
er was formed in a thickness of 20 nm. As a whole, an
organic light-emitting layer was obtained. Finally, an alloy
film of Al and Ag having a thickness of 50 nm and an Al
film having a thickness of 50 nm were formed by a two-
dimensional vapor deposition method to obtain a counter
electrode.
[0086] When the manufactured device which was in
contact with a probe was driven, light emission was ob-
tained from the rear surface side of the substrate, that is,
in the bottom-emission type. In the case of the obtained
light-emitting device, it was possible to maintain stable
light emission and color display.
[0087] In this example, the light emitting device using
the organic light-emitting layer is described. However,
the present invention is not limited to this. The same effect
can be realized even in the case of using a light-emitting
device having a divided light emission wavelength range,
such as in an inorganic light-emitting layer.

(Example 4)

[0088] In this example, a light-emitting device using an
organic EL layer was manufactured using the same
method as that in Example 3. At the time of transistor
formation, as in the case shown in FIG. 3, TFTs were
arranged in the red pixel region and the green pixel re-
gion. Other methods were the same as those in Example
3. As a result, even in this example, the obtained light-
emitting device could maintain stable light emission and

perform color display.

(Example 5)

[0089] In this example, a both-side emission light-emit-
ting device using an organic EL layer was manufactured.
[0090] First, MISEFT devices were formed by substan-
tially the same method as used in Example 2. Then, a
light-emitting device was produced by the same method
as that in Example 3. At the time of upper electrode for-
mation, a transparent electrode (ITO was used here) was
formed in a thickness of 20 nm by a sputtering method
to obtain an upper transparent electrode. As a whole, an
organic light-emitting layer which performs both-side light
emission was obtained. As a result, even in this example,
the obtained light-emitting device could maintain stable
light emission from both sides and perform color display.
[0091] The respective examples of the present inven-
tion are described in detail. The present invention is not
limited to the disclosed respective exemplary examples.
[0092] The light-emitting device according to the
present invention can be widely applied to a flexible dis-
play obtained by forming a semiconductor thin film on a
flexible material including a plastic film, an IC card, an ID
tag, and the like.
[0093] According to the present invention, it is possible
to provide a light-emitting device which is stably operated
without using the light shielding unit can be provided as
the light-emitting device using the oxide semiconductor
thin-film transistor including an oxide which is transpar-
ent.
[0094] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments.

Claims

1. A display device, comprising:

a pixel region provided on a substrate (101) and
including a blue pixel, a green pixel, and a red
pixel for emitting lights of three primary colors
of blue, green, and red, respectively;
each pixel including a light-emitting layer (108a,
108b, 108c), and a lower electrode (107) and a
counter electrode (109) for sandwiching the
light-emitting layer therebetween;
the display device further including a first thin-
film transistor (b1) which is electrically connect-
ed with the light-emitting layer (108a) in the blue
pixel (a1), a second thin-film transistor (b2)
which is electrically connected with the light-
emitting layer (108b) in the red pixel (a2), and a
third thin-film transistor (b3) which is electrically
connected with the light-emitting layer 108c) in
the green pixel (a3);
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each of said first to third thin-film transistors (b1,
b2, b3) having a source electrode (105), a drain
electrode (100), a gate electrode (104), a gate
insulating film (103), and an active layer (102)
including a transparent oxide; wherein the drain
electrode is electrically connected with a part of
the light-emitting layer; each of said first to third
thin-film transistors being provided with no light
shielding film; and wherein each of said first to
third thin film transistors is provided on the sub-
strate above or under the organic light-emitting
layer (108) located in the green pixel region (3a)
or the red pixel region (a2) but not in the blue
pixel region (a1).

2. A display device according to claim 1, wherein each
of said first to third thin film transistors is provided in
the red pixel region (a2).

3. A display device according to claim 1, wherein the
oxide of the active layer has a transmittance of 70%
or more to light having a wavelength range of 400
nm to 800 nm.

4. A display device according to claim 1, wherein the
oxide of the active layer contains In, Ga, and Zn, and
has an electron carrier concentration smaller than
1018/cm3, and at least a part of the oxide is an amor-
phous oxide.

5. A display device according to claim 1, wherein at
least one of the source electrode, the drain electrode,
and the gate electrode comprises a transparent con-
ductive oxide.

6. A display device according to claim 1, wherein the
thin-film transistor is a transparent thin-film transis-
tor.

7. A display device according to claim 1, wherein the
lower electrode comprises a transparent conductive
oxide.

8. A display device according to claim 1, wherein at
least one of the source electrode, the drain electrode,
the gate electrode, and the lower electrode contains
In, Ga, and Zn, and has an electron carrier concen-
tration of 1018/cm3 or more, and at least a part of the
oxide is an amorphous oxide.

9. A display device according to claim 1, wherein the
light-emitting layer comprises an organic EL ele-
ment.

10. An image display apparatus, comprising a display
device according to any one of claims 1 to 9.

Patentansprüche

1. Anzeigevorrichtung, umfassend:

eine Pixelregion, die auf einem Substrat (101)
bereitgestellt ist und einen blauen Pixel, einen
grünen Pixel und einen roten Pixel zum Emittie-
ren von Licht der drei Primärfarben Blau, Grün
bzw. Rot beinhaltet;
wobei jeder Pixel eine lichtemittierende Schicht
(108a, 108b, 108c) sowie eine untere Elektrode
(107) und eine Gegenelektrode (109) beinhaltet
und die Elektroden die lichtemittierende Schicht
einfassen;
wobei die Anzeigevorrichtung weiterhin einen
ersten Dünnfilmtransistor (b1), der mit der lich-
temittierenden Schicht (108a) im blauen Pixel
(a1) elektrisch verbunden ist, einen zweiten
Dünnfilmtransistor (b2), der mit der lichtemittie-
renden Schicht (108b) im roten Pixel (a2) elek-
trisch verbunden ist, sowie einen dritten Dünn-
filmtransistor (b3), der mit der lichtemittierenden
Schicht (108c) im grünen Pixel (a3) elektrisch
verbunden ist, beinhaltet;
wobei jeder der ersten bis dritten Dünnfilmtran-
sistoren (b1, b2, b3) eine Source-Elektrode
(105), eine Drain-Elektrode (100), eine Gate-
Elektrode (104), einen Gate-Isolierfilm (103) so-
wie eine ein transparentes Oxid beinhaltende
aktive Schicht (102) aufweist;
wobei die Drain-Elektrode mit einem Teil der
lichtemittierenden Schicht elektrisch verbunden
ist und jeder der ersten bis dritten Dünnfilmtran-
sistoren ohne lichtabschirmenden Film bereit-
gestellt ist; und
wobei jeder der ersten bis dritten Dünnfilmtran-
sistoren auf dem Substrat über oder unter der
organischen lichtemittierenden Schicht (108),
die in der grünen Pixelregion (3a) oder der roten
Pixelregion (a2) aber nicht in der blauen Pixel-
region (a1) liegt, bereitgestellt ist.

2. Anzeigevorrichtung nach Anspruch 1,

wobei jeder der ersten bis dritten Dünnfilmtran-
sistoren in der roten Pixelregion (a2) bereitge-
stellt ist.

3. Anzeigevorrichtung nach Anspruch 1,

wobei das Oxid der aktiven Schicht für Licht mit
einer Wellenlänge von 400 nm bis 800 nm eine
Lichtdurchlässigkeit von 70% oder mehr auf-
weist.

4. Anzeigevorrichtung nach Anspruch 1,

wobei das Oxid der aktiven Schicht In, Ga und
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Zn enthält und eine Elektron-Ladungsträger-
konzentration kleiner als 1018/cm3 aufweist, und
wobei wenigstens ein Teil des Oxids ein amor-
phes Oxid ist.

5. Anzeigevorrichtung nach Anspruch 1,

wobei wenigstens eine aus der Source-Elektro-
de, der Drain-Elektrode und der Gate-Elektrode
ein transparentes leitfähiges Oxid umfasst.

6. Anzeigevorrichtung nach Anspruch 1,

wobei der Dünnfilmtransistor ein transparenter
Dünnfilmtransistor ist.

7. Anzeigevorrichtung nach Anspruch 1,

wobei die untere Elektrode ein transparentes
leitfähiges Oxid umfasst.

8. Anzeigevorrichtung nach Anspruch 1,

wobei wenigstens eine aus der Source-Elektro-
de, der Drain-Elektrode, der Gate-Elektrode und
der unteren Elektrode In, Ga und Zn enthält und
eine Elektron-Ladungsträgerkonzentration von
1018/cm3 oder mehr aufweist, und wobei we-
nigstens ein Teil des Oxids ein amorphes Oxid
ist.

9. Anzeigevorrichtung nach Anspruch 1,

wobei die lichtemittierende Schicht ein organi-
sches EL-Element umfasst.

10. Bildanzeigevorrichtung, die eine Anzeigevorrich-
tung nach einem der Ansprüche 1 bis 9 umfasst.

Revendications

1. Dispositif d’affichage, comprenant :

une région de pixel prévue sur un substrat (101)
et comportant un pixel bleu, un pixel vert, et un
pixel rouge pour émettre des lumières de trois
couleurs primaires bleu, vert et rouge,
respectivement ;
chaque pixel comportant une couche électrolu-
minescente (108a, 108b, 108c), et une électro-
de inférieure (107) et une contre-électrode (109)
pour prendre en tenaille la couche électrolumi-
nescente entre elles ;
le dispositif d’affichage comportant en outre un
premier transistor à couches minces (b1) qui est
relié électriquement à la couche électrolumines-
cente (108a) dans le pixel bleu (a1), un deuxiè-

me transistor à couches minces (b2) qui est relié
électriquement à la couche électroluminescente
(108b) dans le pixel rouge (a2), et un troisième
transistor à couches minces (b3) qui est relié
électriquement à la couche électroluminescente
(108c) dans le pixel vert (a3) ;
chacun desdits premier à troisième transistors
à couches minces (b1, b2, b3) ayant une élec-
trode de source (105), une électrode déversoir
(100), une électrode de grille (104), un film iso-
lant de grille (103), et une couche active (102)
comportant un oxyde transparent ;
où l’électrode déversoir est reliée électrique-
ment à une partie de la couche
électroluminescente ; chacun desdits premier à
troisième transistors à couches minces étant
prévu sans film protégeant de la lumière ; et
où chacun desdits premier à troisième transis-
tors à couches minces est prévu sur le substrat
au-dessus ou sous la couche électrolumines-
cente organique (108) située dans la région de
pixel vert (3a) ou la région de pixel rouge (a2)
mais pas dans la région de pixel bleu (a1).

2. Dispositif d’affichage selon la revendication 1, dans
lequel chacun desdits premier à troisième transistors
à couches minces est prévu dans la région de pixel
rouge (a2).

3. Dispositif d’affichage selon la revendication 1, dans
lequel l’oxyde de la couche active présente une
transmittance supérieure ou égale à 70% à la lumiè-
re ayant une plage de longueurs d’ondes comprise
entre 400 nm et 800 nm.

4. Dispositif d’affichage selon la revendication 1, dans
lequel l’oxyde de la couche active contient In, Ga, et
Zn, et présente une concentration de porteurs d’élec-
trons inférieure à 1018/cm3, et au moins une partie
de l’oxyde est un oxyde amorphe.

5. Dispositif d’affichage selon la revendication 1, dans
lequel au moins l’une entre l’électrode de source,
l’électrode déversoir, et l’électrode de grille com-
prend un oxyde conducteur transparent.

6. Dispositif d’affichage selon la revendication 1, dans
lequel le transistor à couches minces est un transis-
tor à couches minces transparent.

7. Dispositif d’affichage selon la revendication 1, dans
lequel l’électrode inférieure comprend un oxyde con-
ducteur transparent.

8. Dispositif d’affichage selon la revendication 1, dans
lequel au moins l’une entre l’électrode de source,
l’électrode déversoir, l’électrode de grille, et l’élec-
trode inférieure contient In, Ga, et Zn, et présente
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une concentration de porteurs d’électrons supérieu-
re ou égale à 1018/cm3, et au moins une partie de
l’oxyde est un oxyde amorphe.

9. Dispositif d’affichage selon la revendication 1, dans
lequel la couche électroluminescente comprend un
élément EL organique.

10. Appareil d’affichage d’images, comprenant un dis-
positif d’affichage selon l’une quelconque des reven-
dications 1 à 9.
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