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DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2003-182489, filed Jun. 26, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a display apparatus
having light-emitting elements arrayed on a substrate.

[0004] 2. Description of the Related Art

[0005] An electroluminescent element (to be abbreviated
as an organic EL element) has a multilayered structure
formed by forming a first electrode, an EL layer, and a
second electrode on a glass substrate in this order. When a
voltage is applied between the first electrode and the second
electrode, holes and electrons are injected to the EL layer,
and electroluminescence occurs in it. As described in Jpn.
Pat. Appln. KOKAI Publication No. 6-151063, display light
emitted by the EL layer emerges from the glass substrate on
which the first electrode and the EL layer are formed in this
order.

[0006] When a plurality of organic EL elements serving as
pixels are arrayed in a matrix on a substrate, a display
apparatus is provided. Such display apparatuses are roughly
classified into two types: an active matrix driving system
and a passive driving system (simple matrix driving system).
In the active matrix driving display apparatus, the applica-
tion voltage per unit time for an organic EL element is low.
For this reason, the voltage applied on organic EL elements
can be reduced, and the service life can be prolonged. The
active matrix driving display apparatus is superior to the
passive driving display apparatus in these characteristics.

[0007] In the active matrix driving display apparatus, a
pixel transistor serving as a switching element is arranged in
each pixel. The organic EL elements are selectively caused
to emit light by the pixel transistors. In manufacturing an
active matrix driving display apparatus, transistors are
formed on a substrate before organic EL elements are
formed in a matrix by patterning. This is because the
temperature in transistor formation exceeds the heat-resis-
tant temperature of organic EL elements.

[0008] In such a display apparatus, a transistor is formed
for each pixel. In forming a plurality of organic EL elements
in a matrix, first electrodes on the lower side, which are to
be connected to transistors, are formed in a matrix indepen-
dently for each organic EL element. On the other hand, a
second electrode is formed on the entire surface of the
display unit as a common electrode common to all the
organic EL elements. The light-emitting region of each pixel
of the display apparatus corresponds to a region where the
first and second electrodes cross. In the active matrix driving
display apparatus, the first electrodes can be patterned by
photolithography. For this reason, pixels can be formed in a
very high resolution as compared to a passive driving
display apparatus because it requires second electrode pat-
terning using a metal mask with a lower resolution than
photolithography.
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[0009] Light from the EL layer emerges through the glass
substrate. In this case, the light incident on the glass sub-
strate causes irregular reflection or is absorbed in the sub-
strate because of its refractive index and thickness. Hence,
a large quantity of light emitted from the EL layer is lost in
the glass substrate. If the second electrode is transparent, the
light from the EL layer can emerge through not the glass
substrate but the second electrode. However, since a metal
oxide used for a transparent electrode generally has a high
electric resistance, a current hardly flows through it as
compared to an opaque metal. If a single second electrode is
formed as a common electrode for pixels, the light emission
intensity in the plane becomes nonuniform, and more spe-
cifically, it is bright at a portion near a power supply but dark
distantly from it. To obtain a sufficient sheet resistance, the
second electrode must be thick. However, the transmittance
becomes low in a thick second electrode.

BRIEF SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention,
there is provided a display apparatus comprising: a substrate
having one surface; a plurality of pixel electrodes which are
arrayed on a side of the one surface of the substrate; EL
layers each of which is formed on a corresponding one of the
pixel electrodes; an counter electrode which is formed on the
EL layers; and an auxiliary electrode which is electrically
connected to the counter electrode and overlaps portions
between the pixel electrodes.

[0011] In the display apparatus, the counter electrode may
be transparent. The display apparatus has a structure which
causes light from the EL layers to emerge through the
counter electrode. Even when a material having a relatively
high resistivity is used for the counter electrode, the auxil-
iary electrode is formed to be connected to the counter
electrode and overlaps the portions between the plurality of
pixel electrodes. For this reason, the total sheet resistance of
the auxiliary electrode and counter electrode can be reduced
without decreasing the light emergence ratio on a counter
electrode surface. A variation in current density from the
counter electrode to the EL layers can be improved. The
current value of the current flowing through the counter
electrode is almost constant, and light emission in the same
pixel is uniformed. Since no strong electric field is applied
to only part of the EL layer, the voltage applied on it can be
reduced, and the service life can be prolonged. In the
structure of a general EL panel, when the counter electrode
is formed as a common electrode common to a larger
number of pixels, and a metal oxide such as ITO is used to
form a transparent electrode, the voltage value changes
between a counter electrode portion near wiring lines which
supply the voltage to the counter electrode and a counter
electrode portion far apart from the wiring lines. That is, the
voltage attenuates as the distance from the wiring lines
increases, and the light emission luminance may be nonuni-
form in the plurality of pixels in the plane. This problem
becomes more conspicuous as the area of the counter
electrode increases. In the above present apparatus, how-
ever, since the auxiliary electrode may be formed in corre-
spondence with the area level for each pixel, any variation
in the applied voltage or the current value of the flowing
current depending on the relative position between the
wiring lines and each pixel can be suppressed. Even if
signals of equipotential are output between all the pixels and
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the counter electrode, all the EL layers can emit light almost
at the same intensity, and the light emission intensity in the
plane can be uniformed.

[0012] In addition, since the counter electrode can be
made thinner, the transmittance of the counter electrode to
the light emitted by the EL layers can be increased. Fur-
thermore, since the auxiliary electrode is arranged between
the pixel electrodes, i.e., between the EL layer of a pixel
electrode and the EL layer of an adjacent pixel electrode, the
decrease in aperture ratio can be minimized.

[0013] When the counter electrode is transparent, and the
auxiliary electrode has a light-shielding effect, light emitted
by the EL layers emerges outside from the counter electrode.
Generally, a transparent electrode material has a high resis-
tivity. Hence, the decrease in sheet resistance by the auxil-
iary electrode is more effective. In addition, since the
auxiliary electrode has the light-shielding effect, it functions
as a light-shielding film between the pixel electrodes to
prevent any decrease in contrast and color purity and any
light leakage between the pixel electrodes (between the EL
layers). Only the counter electrode is present as the layer
between the EL layers and the auxiliary electrode. The
auxiliary electrode is arranged close to the EL layers. For
these reasons, even when the EL layers radially emit light,
the prevention efficiency of the auxiliary electrode for
decrease in contrast ratio and color purity and the light
leakage is very high. Hence, the light can efficiently emerge
outside from the counter electrode.

[0014] When a light-shielding mask overlapping the aux-
iliary electrode is formed on it, any decrease in contrast and
color purity and any light leakage between the pixel elec-
trodes (between the EL layers) can be prevented.

[0015] When the auxiliary electrode is formed into a mesh
shape to overlap the entire region between the plurality of
pixel electrodes, the voltage of the counter electrode can be
more uniformed in the plane.

[0016] When the display apparatus further comprises an
resonator which resonates at least some light components of
light emitted by the EL layers, the emergence ratio of the
wavelength range of a predetermined color of the light from
the EL layers can be increased. Hence, the color purity can
be increased.

[0017] The resonator may comprise a half-reflecting layer
which is arranged under the pixel electrodes, a transparent
layer which is formed under the half-reflecting layer while
being in contact with the half-reflecting layer, and a reflect-
ing layer which is formed under the transparent layer while
being in contact with the transparent layer, a light transmit-
tance increases in an order of the reflecting layer, the
half-reflecting layer, and the transparent layer, a light reflec-
tance increases in an order of the transparent layer, the
half-reflecting layer, and the reflecting layer, and the pixel
electrodes are transparent. In this case, of external light that
enters the transparent layer, each component whose wave-
length is not an integral multiple of % of the optical
thickness of the transparent layer hardly emerges from the
resonator even when the component causes interference
while repeating reflection. Hence, the component is rarely
reflected from the display apparatus. For this reason, glare
caused by external light can be suppressed. Even when the
display apparatus exists under a bright environment, any
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decrease in contrast ratio can be suppressed. Hence, a
display apparatus of high visibility for a user can be pro-
vided.

[0018] The apparatus further comprises a transparent layer
which is formed under the pixel electrodes while being in
contact with the pixel electrodes, and a reflecting layer
which is formed under the transparent layer while being in
contact with the transparent layer, and in which a light
transmittance increases in an order of the reflecting layer, the
pixel electrodes, and the transparent layer, and a light
reflectance increases in an order of the transparent layer, the
pixel electrodes, and the reflecting layer. In this case, the
pixel electrodes form part of the resonator. Hence, reflection
of external light can be suppressed by a smaller number of
components.

[0019] According to another aspect of the present inven-
tion, there is provided a display apparatus comprising a
plurality of pixel electrodes which are arrayed on a side of
one surface of a substrate; an auxiliary electrode which is
provided around the pixel electrodes and is electrically
connected to the pixel electrodes, is separated from the pixel
electrodes; EL layers each of which is formed on a corre-
sponding one of the pixel electrodes; and a counter electrode
which is formed on the EL layers.

[0020] In the display apparatus according to this aspect,
the sheet resistance can be reduced by combining the
auxiliary electrode and pixel electrodes. For this reason, the
EL layers can efficiently be caused to emit light at a low
voltage. In addition, since the auxiliary electrode is arranged
between the pixel electrodes, i.e., between the EL layer of a
pixel electrode and the EL layer of an adjacent pixel
electrode, the decrease in aperture ratio can be minimized.

[0021] According to still another aspect of the present
invention, there is provided a display apparatus comprising:
a plurality of pixel electrodes which are arrayed on a side of
one surface of a substrate; EL layers each of which is formed
on a corresponding one of the pixel electrodes; a counter
electrode which is formed on the EL layers; an auxiliary
electrode which is electrically connected to the counter
electrode and overlaps portions between the plurality of
pixel electrodes; a plurality of current lines; a switch circuit
which supplies a storage current having a predetermined
current value to the current line during a selection period and
stops supplying the current to the current line during a
nonselection period; and a plurality of current storage cir-
cuits which store current data corresponding to the current
value of the storage current which flows through the current
line during the selection period and supply a display current
having a current value substantially equal to the storage
current to the EL layer through the pixel electrode during the
nonselection period in accordance with the current data
stored during the selection period.

[0022] Even when the display luminance is gray-level-
controlled by the current value of a signal, like the storage
current, the sheet resistance can be reduced by combining
the auxiliary electrode and counter electrode. In addition,
since the auxiliary electrode is arranged between the pixel
electrodes, i.e., between the EL layer of a pixel electrode and
the EL layer of an adjacent pixel electrode, the decrease in
aperture ratio can be minimized.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0023] FIG. 1 is a plan view showing a display apparatus
according to an embodiment of the present invention;

[0024] FIG. 2 is a plan view showing a counter transpar-
ent electrode and auxiliary electrode layer of organic EL
elements in the display unit of the display apparatus shown
in FIG. 1,

[0025] FIG. 3 is a plan view of a pixel driving circuit D;;
in a pixel P;;;

[0026] FIG. 4 is a sectional view taken along a line
(IV)-(IV) in FIG. 3 in a direction of thickness;

[0027] FIG. 5 is a sectional view taken along a line
(V)-(V) in FIG. 3 in a direction of thickness;

[0028] FIG. 6 is a sectional view taken along a line
(VD-(VI) in FIG. 3 in a direction of thickness;

[0029] FIG.7A is a view showing a step in manufacturing
the display apparatus;

[0030] FIG. 7B is a sectional view taken along a line
(VIIB)-(VIIB) in FIG. 7A;

[0031]
7A,
[0032] FIG. 8B is a sectional view taken along a line
(VIIIB)-(VIIIB) in FIG. 8A;

[0033] FIG. 9A is a view showing a step following FIG.
8A;

[0034] FIG. 9B is a sectional view taken along a line
(IXB)-(IXB) in FIG. 9A;

[0035] FIG. 10A is a view showing a step following FIG.
9A,;

[0036] FIG. 10B is a sectional view taken along a line
(X)-(X) in FIG. 10A;

[0037] FIG.11A is a view showing a step following FIG.
10A;

FIG. 8A is a view showing a step following FIG.

[0038] FIG. 11B is a sectional view taken along a line
(XD-(XI) in FIG. 11A;

[0039] FIG. 12A is a view showing a step following FIG.
11A;

[0040] FIG. 12B is a sectional view taken along a line
(XID-(XII) in FIG. 12A;

[0041]
124,

[0042] FIG. 13B is a sectional view taken along a line
(XIIB)-(XIIIB) in FIG. 13A;

[0043]
13A;

[0044] FIG. 14B is a sectional view taken along a line
(XIVB)-(XIVB) in FIG. 14A;

[0045] FIG. 15A is a view showing a step following FIG.
14A;

[0046] FIG. 15B is a sectional view taken along a line
(XVB)-(XVB) in FIG. 15A;

FIG. 13A is a view showing a step following FIG.

FIG. 14A is a view showing a step following FIG.
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[0047] FIG. 16 is a sectional view of another display
apparatus to which the present invention is applied as the
first modification and which is taken along the line (IV)-(IV)
in FIG. 3 in a direction of thickness;

[0048] FIG. 17 is a sectional view of still another display
apparatus to which the present invention is applied as the
second modification and which is taken along the line
(IV)-(IV) in FIG. 3 in a direction of thickness;

[0049] FIG. 18 is a plan view showing the counter trans-
parent electrode and auxiliary electrode layer of organic EL
elements in the display unit of still another display apparatus
to which the present invention is applied as the third
modification;

[0050] FIG. 19 is a plan view showing the counter trans-
parent electrode and auxiliary electrode layer of organic EL
elements in the display unit of still another display apparatus
to which the present invention is applied as the fourth
modification;

[0051] FIG. 20 is a plan view showing the counter trans-
parent electrode and auxiliary electrode layer of organic EL
elements in the display unit of still another display apparatus
to which the present invention is applied as the fifth modi-
fication;

[0052] FIG. 21 is a sectional view of still another display
apparatus to which the present invention is applied as the
sixth modification and which is taken along the line (IV)-
(IV) in FIG. 3 in a direction of thickness;

[0053] FIG. 22 is an equivalent circuit diagram of pixels
in the display apparatus so as to explain the driving principle
during the selection period;

[0054] FIG. 23 is an equivalent circuit diagram of pixels
in the display apparatus so as to explain the driving principle
during the selection period;

[0055] FIG. 24 is a graph showing the relationship
between a current which flows to an NMOSFET connected
in series with a light-emitting element of the display appa-
ratus and a voltage applied to the NMOSFET; and

[0056] FIG. 25 is a timing chart showing the operation of
a driving circuit.

DETAILED DESCRIPTION OF THE
INVENTION

[0057] Detailed embodiments of the present invention will
be described below with reference to the accompanying
drawings. However, the scope of the present invention is not
limited to the illustrated examples. In the following descrip-
tion, “viewed from the upper side” means “viewed perpen-
dicularly to the display surface”.

[0058] FIG. 1 is a block diagram schematically showing
an entire arrangement of a display apparatus to which the
present invention is applied. As shown in FIG. 1, the display
apparatus 1 is a so-called active matrix driving display
apparatus which comprises, as the basic arrangement, an
active matrix display panel 2 and a controller 6 which
controls the entire light-emitting display 1. The display
panel 2 includes a substrate 12 (FIG. 4) made of borosilicate
glass, silica glass, or glass of another type, which has a
resistance to the temperature during a transistor manufac-
turing process (to be described later), a display unit 7 which
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is formed on the substrate 12, as a plurality of pixels, and
emits light to display an image corresponding to image data
from the controller 6, and a selection scan driver 3, voltage
source driver 4 and data driver 5, which are formed on the
substrate 12 to drive the pixels of the display unit 7. The
selection scan driver 3, voltage source driver 4, and data
driver 5 are connected to be able to receive data and control
signals ¢s, pe, and ¢pd from the controller 6, respectively. The
display panel 2 is formed by arranging various kinds of
wiring lines and elements on the substrate 12. The substrate
12 need not always have a high transmittance for visible
light.

[0059] In the display panel 2, m selection scan lines X,
X, . .., X, are formed on the substrate 12 while being
arrayed parallel to each other along the row direction. In
addition, m voltage source scan lines Z,, Z,, . . ., Z,, are
formed on the substrate 12 along the row direction. The
voltage source scan lines Z,, Z,, . . . , Z,,, and the selection
scan lines X;, X,, . .., X, are alternately arranged to form
pairs. The voltage source scan lines Z,, Z, . . ., Z are
electrically insulated from the selection scan lines X;, X, .
., X,,. Current lines Y,, Y,, . . ., Y are formed on the
substrate 12 along the column direction perpendicular to the
row direction. The selection scan lines X;, X,, . . ., X, and
voltage source scan lines Zip Z,, . . . , Z, can be formed at
once by patterning a single conductive film. The current
lines Y,,Y,, ..., Y, cross the selection scan lines X, X,,
, X, and voltage source scan lines Z, Z,, . . . , Z,,. The
selection scan lines X, X, . . ., X, and voltage source scan
lines Z,,Z,, . . ., Z,, are insulated from the current lines Y,
Y,, ..., Y, by a gate insulating film 23 and semiconductor
film 24 (to be described later).

[0060] A plurality of organic EL elements are arrayed in a
matrix on the substrate 12. Each organic EL element is
formed in each region surrounded by adjacent two of the
current lines Y, Y, . . ., Y, and adjacent two of the selection
scan lines X;, X,, . . . , X,,- A driving circuit to supply a
predetermined current to the organic EL element is formed
about that organic EL element. One organic EL element and
a driving circuit arranged for it correspond to one pixel of
the display panel 2. That is, one organic EL element is
formed for each of (mxn) pixels.

[0061] The display panel 2 will be described below in
detail.

[0062] Aplurahty of plxels 110 Py (rn>1 and n=2)
are formed in a matrix in the display umt 7 in the display
panel 2. In a pixel P; ; (1< i=m, and 1=j=n) of the ith row
and jth column, an orgamc EL element E; ; of the ith row and
jth column and a pixel driving circuit D; ; of the ith row and
jth column, which drives the organic EL element E;;, are
formed. The pixel driving circuit D;; comprises a capacitor
17, first transistor 8, second transistor 9, and third transistor
10. The transistors are n-channel amorphous silicon thin-
film transistors.

[0063] A gate electrode 8G of the first transistor 8 of the
pixel driving circuit D;; is connected to a sclection scan line
X, of the ith row. A drain electrode 8D is connected to a
Voltage source scan line Z; of the ith row. A source electrode
8S is connected to a gate electrode 10G of the third transistor
10 and one electrode of the capacitor 17.

[0064] A gate electrode 9G of the second transistor 9 of the
pixel driving circuit D;; is connected to the selection scan
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line X; of the ith row. A drain electrode 9D is connected to
a source electrode 10S of the third transistor 10 and the other
electrode of the capacitor 17. A source electrode 9S is
connected to a current line Y; of the jth column.

[0065] The gate electrode 10G of the third transistor 10 of
the pixel driving circuit D;; is connected to the source
electrode 8S of the first tran51stor 8 and one electrode of the
capacitor 17, as mentioned above. A drain electrode 10D is
connected to the voltage source scan line Z;. The source
electrode 10S is connected to a pixel electrode as one
electrode of the organic EL element E; ;, the other electrode
of the capacitor 17, and the drain electrode 9D of the second
transistor 9.

[0066] The capacitor 17 is connected between the gate
electrode 10G and the source electrode 10S of the third
transistor 10. The capacitor 17 has a function of holding the
potential between the gate electrode 10G and the source
electrode 10S.

[0067] The organic EL element E;; has a structure in
which an organic EL layer 15 is sandwiched between a pixel
electrode 16 and a counter electrode 13, as shown in FIG.
6. The pixel electrode is connected to the source electrode
10S of the third transistor 10. A reference potential Vg is
applied to the counter electrode 13.

[0068] In the display unit 7, as shown in FIG. 2, the
counter transparent electrode 13 serving as the common
electrode of organic EL elements E, ; to E,, , is formed all
over the plurahty of plxels P, to P An aquhary elec-
trode layer 42 is formed in contact Wlth the counter trans-
parent electrode 13. The auxiliary electrode layer 42 is made
of a conductive material whose resistivity is lower than a
transparent conductive layer 13b (FIGS. 5 and 6) of the
counter transparent electrode 13. The auxiliary electrode
layer 42 has a function of reducing the sheet resistance of the
electrode including both itself and the counter transparent
electrode 13. Since this conductive material is opaque to
visible light, the auxiliary electrode layer 42 has opening
portions 42a corresponding to the pixels. The organic EL
layer 15 (to be described later), and the pixel electrode 16
and the counter transparent electrode 13, which are located
on both surfaces of the organic EL layer 15, are exposed to
the region in each opening portion 42a. Hence, the auxiliary
electrode layer 42 covers the selection scan lines X; to X,
current lines Y, to Y, and voltage source scan lines Zto Z,,
around the organic EL elements E, , to E, . In addition, to
prevent glare caused by external light reflection on the
source and drain electrodes of the first transistors 8, second
transistors 9, and third transistors 10 of pixel driving circuits
D,, to D, ,, the auxiliary electrode layer 42 preferably
covers the first transistors 8, second transistors 9, and third
transistors 10 of the pixel driving circuits D; ;. If external
light reflection occurs even on the capacitor 17, it is also
preferably covered with the auxiliary electrode layer 42.

[0069] The pixel P;; will be described here in detail. FIG.
3 is a schematic view showing the pixel driving circuit D

in the pixel P;; viewed from the upper side. FIG. 4 is a
sectional view taken along a line (IV)-(IV) in FIG. 3 in a
direction of thickness. FIG. 5 is a sectional view taken along
a line (V)~«(V) in FIG. 3 in a direction of thickness. FIG. 6
is a sectional view taken along a line (VI)-(VI) in FIG. 3 in
a direction of thickness. To help understanding, the gate
insulating film 23 (to be described later), a first impurity-
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doped semiconductor film 25, a second impurity-doped
semiconductor film 26, a block insulating film 36, and the
counter transparent electrode 13 are not at least partially
illustrated in FIG. 3.

[0070] A gate electrode layer 22 having a predetermined
pattern, which serves as the gate electrode 8G of the first
transistor 8, the gate electrode 9G of the second transistor 9,
and the gate electrode 10G of the third transistor 10, is
formed on the substrate 12. The gate electrode layer 22 is
formed by patterning the same conductive material layer as
the selection scan lines X, X,, . .., X, and voltage source
scan lines Z,, Z,, . . . , Z,, at once. The gate electrode layer
22 has a low-resistant material such as chromium, alumi-
num, copper, titanium, or tungsten or an alloy selected from
at least some of them.

[0071] An anodic oxide film 31 is formed on the gate
electrode layer 22 by anodizing its peripheral surface. The
gate insulating film 23 is formed to cover the entire surface
of the display unit 7. The gate insulating film 23 is made of
a translucent and insulating material such as silicon nitride
or silicon oxide. The gate insulating film 23 covers even the
selection scan lines X, X, . . ., X, and voltage source scan
linesZ,,Z,...,7Z

m*

[0072] The semiconductor films 24 of the first transistor 8,
second transistor 9, and third transistor 10 are formed to
oppose the gate electrode layers 22 through parts of the gate
insulating film 23. The semiconductor film 24 is made of
intrinsic amorphous silicon having a spectral sensitivity
from visible light to the infrared wavelength range. A
blocking insulating film 30 made of silicon nitride is formed
on each semiconductor film 24 to protect its surface from an
etchant. The first impurity-doped semiconductor film 25 and
second impurity-doped semiconductor film 26 separated
from each other are formed on both and portions of each
semiconductor film 24 and each blocking insulating film 30.
The second impurity-doped semiconductor film 26 thus
covers one side of the semiconductor film 24 and one side
of the blocking insulating film 30. The second impurity-
doped semiconductor film 26 also covers the other side of
the semiconductor film 24 and the other side of the blocking
insulating film 30. The first impurity-doped semiconductor
film 25 and second impurity-doped semiconductor film 26
are made of amorphous silicon doped with n-type impurity
ions.

[0073] A drain electrode layer 27 serving as the drain
electrodes 8D, 9D, and 10D is formed on the first impurity-
doped semiconductor films 25 of the first transistor 8, second
transistor 9, and third transistor 10. A source electrode layer
28 serving as the source electrodes 8S, 9S, and 10S is
formed on the second impurity-doped semiconductor films
26 of the first transistor 8, second transistor 9, and third
transistor 10. The drain electrode layer 27 and source
electrode layer 28 are formed by patterning the same con-
ductive material layer as the current lines Y, to Y, at once.
The drain electrode layer 27 and source electrode layer 28
are made of a low-resistant material such as chromium,
aluminum, copper, titanium, or tungsten or an alloy selected
from at least some of them and have a function of shielding
visible light. With this structure, any external light or light
from each organic EL element is suppressed from becoming
incident on the semiconductor film 24, first impurity-doped
semiconductor film 25, and second impurity-doped semi-
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conductor film 26. The source electrode layer 28 and drain
electrode layer 27 are separated and accordingly electrically
insulated from each other.

[0074] The first transistor 8, second transistor 9, and third
transistor 10 may have not the inverted staggered structure
but a coplanar structure. At least some of them may be
p-channel transistors. The transistors may be made of not
amorphous silicon but, e.g., polysilicon. To prevent photo-
deterioration of the first transistor 8, second transistor 9, and
third transistor 10, the substrate 12 may have a light-
shielding effect.

[0075] A protective insulating film 29 made of silicon
nitride is formed to cover the first transistor 8, second
transistor 9, third transistor 10, capacitor 17, selection scan
lines X,, X,, . . ., X, current lines Y,, Y,, ..., Y, and
voltage source scan lines Z,, Z,.

[0076] The third transistor 10 having the above structure is
an MOSFET having the semiconductor film 24 as a channel
region. The first transistor 8 and second transistor 9 have
almost the same structure as the above-described third
transistor 10. One electrode of the capacitor 17 is also used
as the gate electrode layer 22 of the third transistor 10. The
other electrode of the capacitor is also used as the source
electrode layer 28 of the third transistor 10. The capacitor 17
uses the gate insulating film 23 formed between one elec-
trode and the other electrode as a dielectric. Accordingly, the
capacitor 17 functions as a capacitor which stores, as charge
data, the gate-to-source potential of the third transistor 10
corresponding to the value of a current flowing between the
source and the drain of the third transistor 10. That is, the
capacitor 17 stores charge data written as the parasitic
capacitance between the gate and the source of the third
transistor 10. The capacitor 17 holds the charges stored
between the gate and the source of the third transistor 10 so
as to supply a current having the same value as in the write
between the source and the drain of the third transistor 10
when a predetermined voltage is applied between the source
and the drain of the third transistor 10.

[0077] The protective insulating film 29 is covered with an
insulating planarization film 18 made of, e.g., polyimide.
The insulating planarization film 18 functions as a planariza-
tion film formed over the entire surface of the substrate 12.
Steps generated between the parts of the protective insulat-
ing film 29 on the first transistor 8, second transistor 9, and
third transistor 10 and a part of the protective insulating film
29 on the surface of the substrate 12 are canceled by the
insulating planarization film 18. Hence, the insulating pla-
narization film 18 has an almost flat upper surface. The
insulating planarization film 18 is made of a resin (e.g.,
methacrylate resin, acrylic resin, or epoxy resin). To prevent
photo-deterioration of the first transistor 8, second transistor
9, and third transistor 10, the insulating planarization film 18
may have a light-shielding effect by containing a pigment
such as carbon black.

[0078] An optical interference layer 19 is formed on the
insulating planarization film 18 in correspondence with the
entire surface of the display unit 7. The optical interference
layer 19 is formed by forming, sequentially from the side of
the insulating planarization film 18, a reflecting layer 19a
which reflects light from the upper side by specular reflec-
tion, an optically transparent layer 195 which is set to a
predetermined thickness and predetermined refractive
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index, and a half-reflecting layer 19¢ which functions as a
half-mirror. The optical interference layer 19 is optically
designed such that the reflectance to light in the visible light
wavelength range increases in the order of transparent layer
19b, half-reflecting layer 19¢, and reflecting layer 194, and
the transmittance to light in the visible light wavelength
range increases in the order of reflecting layer 19a, half-
reflecting layer 19¢, and transparent layer 195. The reflect-
ing layer 19a is a film made of a metal such as Ag, Pt, Cu,
or Sn or an alloy thereof and having a smooth upper surface
with a metallic luster. The transparent layer 196 is made of
a dielectric such as silicon oxide or titanium oxide. The
transparent layer 195 can have a single-layered structure but
preferably has a multilayered structure. To make the optical
interference layer 19 have an optical thickness correspond-
ing to the light emission wavelength of each organic EL
element which emits light of red, green, or blue (to be
described later), optical interference layers may be arrayed
in a plurality of independent matrices for each pixel or a
pixel group of each color when viewed from the upper side.
The optical interference layer 19 may have a single-layered
structure.

[0079] The drain electrode layer 27 of each third transistor
10 is connected to one of the voltage source scan lines Z,
Z,, ..., Z_ through a contact hole 48 formed in the gate
insulating film 23 and anodic oxide film 31.

[0080] The source electrode layer 28 of each first transis-
tor 8 and the gate electrode layer 22 of a corresponding one
of the third transistors 10 are connected through a contact
hole 47 formed in the gate insulating film 23 and anodic
oxide film 31.

[0081] The organic EL elementsE, , to E, , are formed on
the optical interference layer 19. Each of the organic EL
elements E, , to E_  has a multilayered structure in which
the pixel electrode 16 functioning as, e.g., an anode elec-
trode, the EL layer 15 which causes electroluminescence
when a current equal to or more than a threshold value flows,
and the counter transparent electrode 13 functioning as, e.g.,
a cathode electrode are formed in this order.

[0082] The pixel electrode 16 is connected to the source
electrode layer 28 of the third transistor 10 through a contact
hole 49 formed in the insulating planarization film 18,
optical interference layer 19, and protective insulating film
29.

[0083] The pixel electrodes 16 are independently formed
while being separated from each other to electrically sepa-
rate the pixels. A plurality of pixel electrodes 16 are arrayed
in a matrix when viewed from the upper side.

[0084] On a portion of the optical interference layer 19
around the pixel electrode 16, a liquid-repellent film 14
which repels a liquid is formed while overlapping part of an
edge portion 16a of the pixel electrode 16. The liquid-
repellent film 14 has an opening portion 14a at a position
corresponding to the central portion of the pixel electrode
16. The EL layer 15 is deposited in the opening portion 14a.
The EL layer 15 is made of a light-emitting material. The EL.
layer 15 emits light by recombining carriers (holes) injected
from the pixel electrode 16 and carriers (electrons) injected
from the counter transparent electrode 13. The EL layer 15
of each of the organic EL elements E, ; to E,, , of the pixels
P, , to P, , emits light of red, green, or blue. The EL layers
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15 are arrayed such that the colors are periodically arranged.
The EL layers 15 which emit light of the same color may be
arrayed in the same column. Alternatively, the red, green,
and blue EL layers 15 may be arrayed in a delta array.

[0085] The pixel electrode 16 is conductive and transpar-
ent to visible light. As long as it functions as an anode, the
work function is preferably relatively high. The pixel elec-
trode 16 is made of, e.g., indium oxide, zinc oxide, or tin
oxide, or a mixture containing at least one of them (e.g.,
indium tin oxide (ITO), indium zinc oxide, or cadmium tin
oxide (CTO)). When the pixel electrode 16 is formed as a
half mirror, the half-reflecting layer 19¢ can be omitted. In
this case, the reflectance to light in the visible light wave-
length range increases in the order of transparent layer 195,
pixel electrode 16, and reflecting layer 19a, and the trans-
mittance to light in the visible light wavelength range
increases in the order of reflecting layer 194, pixel electrode
16, and transparent layer 19b. Even in this case, the optical
thickness of the transparent layer 196 is an integral multiple
of % of the dominant wavelength (peak wavelength) of light
emitted from the EL layer 15 of the organic EL element.
When the optical interference layer 19 is omitted, the pixel
electrode 16 need not always be transparent. The pixel
electrode 16 preferably has reflective to light in the visible
light wavelength range.

[0086] The EL layer 15 may appropriately contain either
an electron transport substance that transports electrons by
an electric field or a hole transport substance that transports
holes by an electric field, or both an electron transport
substance and a hole transport substance. More specifically,
the EL layer 15 may have a three-layered structure including
a hole transport layer, a light-emitting layer, and an electron
transport layer sequentially formed from the pixel electrode
16. The EL layer 15 may have a two-layered structure
sequentially including a hole transport layer and a light-
emitting layer or a two-layered structure sequentially includ-
ing a light-emitting layer and an electron transport layer. The
EL layer 15 may have a single-layered structure including a
light-emitting layer. Alternatively, the EL layer 15 may have
a multilayered structure in which an electron or hole injec-
tion layer is inserted between appropriate layers in one of the
above layer structures. All the layers included in the EL layer
15 may be made of organic compounds. Alternately, all the
layers included in the EL layer 15 may be made of inorganic
compounds. The EL layer 15 may be formed by stacking a
layer made of an inorganic compound and a layer made of
an organic compound. When all the layers included in the EL
layer 15 are made of inorganic compounds, an inorganic EL.
element is formed in place of an organic EL element. When
the EL layer 15 includes a layer of an organic compound, an
organic EL element is formed.

[0087] When the EL layer 15 is made of a low molecular
weight organic material or an inorganic substance, the EL
layer 15 can be formed by epitaxial growth such as depo-
sition or sputtering. When the EL layer 15 is made of, e.g.,
a polymer organic material, an organic compound contain-
ing liquid containing a polymer organic material, which is
formed on the display unit 7 by wet film formation, repels
the surface of the liquid-repellent film 14. Hence, no film is
formed on the liquid-repellent film 14. Instead, a film can
selectively be formed in the opening portion 14a corre-
sponding to each of the pixels P, ; to P, ,i.e., on each pixel
electrode 16. The organic compound containing liquid is a
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liquid containing an organic compound as the material of the
EL layer 15 or its precursor. This liquid may be a solution
prepared by dissolving, as a solute, the organic compound as
the material of the EL layer 15 or its precursor in a medium.
Alternatively, the liquid may be a dispersion prepared by
dispersing the organic compound as the material of the EL
layer 15 or its precursor in a dispersion medium.

[0088] The light-emitting layer of the EL layer 15 is made
of a light-emitting material. As the light-emitting material, a
polymer-based material may be used. Examples of polymer-
based materials are polycarbazole-, polyparaphenylene-,
polyallylenevinylene-, polythiophene-, polyfluorene-, pol-
ysilane-, polyacetylene-, polyaniline-, polypyridine-, poly-
pyridinevinylene-, and  polypyrrole-based  materials.
Examples of polymer materials are a polymer or copolymer
of the monomer or oligomer of one of the above polymer
materials (polymers), a polymer or copolymer of the deriva-
tive of the monomer or oligomer, or a polymer or copolymer
prepared by polymerizing a monomer having an oxazole
(oxandiazole, triazole, or diazole) or triphenylamine skel-
eton. The monomers of these polymers include monomers
and precursor polymers which form the above-described
compounds upon receiving heat, pressure, UV, or electron
beam. A disconjugate unit which bonds the monomers may
be introduced.

[0089] Detailed examples of the polymer materials are
polyfluorene, polyvinylcarbazole, polydodecylthiophene,
polyethylenedioxythiophene, sulfonate dispersoid polysty-
rene derivative, poly-9.9-dialkyl fluorene, poly(thienylene-
9.9-dialkyl fluorene), poly(2.5-dialkyl paraphenylene-thie-
nylene), (dialkyl: R=C1 to C20),
polyparaphenylenevinylene,  poly(2-methoxy-5-(2'-ethyl-
hexyloxy)-paraphenylenevinylene), poly(2-methoxy-5-(2'-
ethyl-pentyloxy)-paraphenyleneviny lene), poly(2.5-dim-

ethyl-paraphenylenevinylene), poly(2.5-
thienylenevinylene), poly(2.5-
dimethoxyparaphenylenevinylene), and poly(1.4-

paraphenylenevinylenecyanovinylene).

[0090] The material is not limited to these polymer mate-
rials. The light-emitting layer may be formed by depositing
a low molecular weight material. A low molecular weight
material having a certain characteristic may be dissolved in
amedium and applied. Alow molecular weight material may
be dispersed in a polymer as a dopant. Various kinds of
polymers including known general-purpose polymers can be
used as the polymer in which a low molecular weight
material is polymer-dispersed.

[0091] The EL layer 15 is formed by wet film formation
and has a two-layered structure in which a hole transport
layer 152 made of PEDOT (polythiophene) as a conductive
polymer and PSS (polystyrene sulfonate) as a dopant, and a
light-emitting layer 156 made of a polyfluorene-based light-
emitting material are formed in this order. When the EL
layer 15 is formed by wet film formation, preferably, a
lyophilic film having a characteristic (to be referred to as a
“lyophilic effect” hereinafter) representing that the film
surface wets well with a liquid at a contact angle of 40° or
less is formed on the pixel electrode 16, and in this state, an
organic compound containing liquid is applied to the lyo-
philic film.

[0092] The optical thickness (a layer thickness dxrefrac-
tive index n) of the transparent layer 195 of the optical
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interference layer 19 is an integral multiple of % of the
dominant wavelength (peak wavelength) of light emitted
from the EL layer 15. Accordingly, the optical interference
layer 19 has a resonant structure. More specifically, when
light emitted from the EL layer 15 and, more particularly,
light in the wavelength range near the dominant wavelength
enters the optical interference layer 19, a light component
having the dominant wavelength resonates by repeating
reflection between the reflecting layer 194 and the half-
reflecting layer 19¢. Hence, the intensity of light emerging
from the optical interference layer 19 increases. On the other
hand, even when interference occurs while, of external light
that enters the optical interference layer 19, a light compo-
nent except the resonant dominant wavelength reflects
between the reflecting layer 194 and the half-reflecting layer
19c¢, the phase does not coincide with the optical path length
by the optical thickness of the transparent layer 19b. Since
the light is gradually attenuated, it rarely emerges outside
from the optical interference layer 19. The optical interfer-
ence layer 19 can amplify the light emitted from the EL layer
15 and output light in a relatively wide wavelength range as
light in a narrower wavelength range. Hence, the color
purity of each color can be increased. In addition, glare
caused by internal reflection of external light can be sup-
pressed. For this reason, dark display or black display can be
executed, and therefore, the contrast ratio can be increased.
The optical thickness of the transparent layer 195 is prefer-
ably changed depending on the wavelength range of the
color of emitted light of each pixel. When the pixels should
emit light of R (red), G (green) having a shorter wavelength
than red, and B (blue) having a shorter wavelength than
green, the optical thicknesses are set to satisfy optical
thickness of transparent layer 195 of pixel R>optical thick-
ness of transparent layer 195 of pixel G>optical thickness of
transparent layer 195 of pixel B.

[0093] The liquid-repellent film 14 (e.g., a fluoroplastic
film or a reactive silicon film) having a characteristic (to be
referred to as “liquid repellency” hereinafter) representing
that the film surface repels a liquid and wets with it at a
contact angle of 50° or more is formed on the optical
interference layer 19 around each EL layer 15. When the
liquid-repellent film 14 is formed into a mesh shape between
the EL layers 15 when viewed from the upper side, a
plurality of surrounded regions surrounded by the liquid-
repellent film 14 are arrayed in a matrix, and the EL layers
15 are formed in the surrounded regions. As shown in FIG.
4, part of the liquid-repellent film 14 may overlap part of the
edge of the pixel electrode 16. However, they need not
always overlap. Especially, the EL layer 15 is formed as a
very thin film. When the EL layer 15 is formed by wet film
formation, and the organic compound containing liquid
one-sidedly flows to adjacent pixels, some pixels obtain thin
EL layers 15. This may cause short circuit between the pixel
electrode 16 and the counter transparent electrode 13. How-
ever, the liquid-repellent film 14 which partitions the adja-
cent pixel electrodes 16 can prevent the organic compound
containing liquid from flowing to adjacent pixels. In addi-
tion, when adjacent pixels are made of different materials
which emit light of different colors, the liquid-repellent film
14 can prevent any decrease in purity of the color of emitted
light of each pixel, which may be caused when the organic
compound containing liquids of the adjacent pixels mix each
other. The liquid-repellent film 14 may have a structure in
which a material layer made of a resin or the like, which
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does not exhibit liquid repellency, is used as a dam that
stores the organic compound containing liquid for each
pixel, and a layer having liquid repellency may be formed on
the exposed surface of the material layer. When the EL layer
15 is formed by epitaxial growth, the liquid-repellent film 14
need not be formed.

[0094] The counter transparent electrode 13 is formed as
one common electrode of the organic EL elements E, ;
E of all the pixels P, ; to P, The counter transparent
clectrode 13 is formed on the entlre surface of the display
unit 7 when viewed from the upper side and has a multi-
layered structure having an electron injection layer 13a and
a transparent conductive layer 13b sequentially formed from
the side of the EL layers 15. The electron injection layer 13a
is so thin as to pass light and is made of a material having
a relatively low work function (e.g., magnesium, calcium,
lithium, barium, a single metal including a rare earth metal,
or an alloy containing at least one of these single sub-
stances). The electron injection layer 134 has a thickness
less than the visible light wavelength range and is 10 to 200
nm. The transparent conductive layer 13b is conductive and
transparent to visible light. The transparent conductive layer
13b is made of, e.g., indium oxide, zinc oxide, or tin oxide,
or a mixture containing at least one of them (e.g., indium tin
oxide (ITO), indium zinc oxide, or cadmium tin oxide
(CTO)). The resistivity of such a material is about 100x10~°
Qcm to 1,000x107° Qcm. The transparent conductive layer
13b is preferably thin to increase the light transmittance of
the counter transparent electrode 13. The thickness of the
transparent conductive layer 13b is 50 to 1,000 nm. As
described above, the counter transparent electrode 13 passes
at least part of the light emission wavelength range of the EL
layer 15. The display apparatus 1 has a so-called top
emission structure which outputs light from the EL layer 15
from the side of the counter transparent electrode 13.

[0095] The counter transparent electrode 13 may be
divided into two or more parts. The counter transparent
electrode 13 may include a plurality of stripe-shaped elec-
trodes which are commonly connected to pixels adjacent in
the column direction. Alternatively, the counter transparent
electrode 13 may include a plurality of stripe-shaped elec-
trodes which are commonly connected to pixels adjacent in
the row direction. A plurality of insulating protective layers
41 are formed on the counter transparent electrode 13 almost
in correspondence with the regions where the EL layers 15
are formed. The plurality of insulating protective layers 41
are arrayed in a matrix independently for each pixel when
viewed from the upper side, like the EL layers 15. The
insulating protective layer 41 is transparent and is made of,
e.g., an inorganic silicide such as silicon oxide (SiO,) or
silicon nitride (SiN) or an organic resin such as polyimide.

[0096] A conductive auxiliary electrode layer 42 is formed
in each non-display region located between edge portions
41a of the insulating protective layer 41 in the display unit
7. Between the insulating protective layers 41, the auxiliary
electrode layer 42 is in direct contact with the transparent
conductive layer 13b. The auxiliary electrode layer 42 is
formed into a mesh shape while substantially overlapping
the entire region between the plurality of pixel electrodes 16
when viewed from the upper side. The insulating protective
layer 41, EL layer 15, pixel electrode 16, and optical
interference layer 19 are arranged in the region in each
opening portion 42a of the auxiliary electrode layer 42. An
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edge portion 42b of the auxiliary electrode layer 42 can be
formed either inside or outside the edge portion of the
counter transparent electrode 13. To reduce the sheet resis-
tance, the occupation area of the auxiliary electrode layer 42
is preferably close to the entire non-display region in the
display unit 7 as much as possible. The edge portion 41a of
the insulating protective layer 41 extends outside the open-
ing portion 42a of the auxiliary electrode layer 42. Hence, in
patterning the auxiliary electrode layer 42 by etching, the
insulating protective layer 41 can protect the transparent
conductive layer 13b from the etchant. The auxiliary elec-
trode layer 42 is located to overlap the first transistor 8,
second transistor 9, and third transistor 10 when viewed
from the upper side.

[0097] The auxiliary electrode layer 42 functions as an
electrode integrated with the counter transparent electrode
13 and decreases the sheet resistance as compared to the
single counter transparent electrode 13. The auxiliary elec-
trode layer 42 is made of a material which has a lower
resistivity than the material of the transparent conductive
layer 136 and is hardly oxidized. From this viewpoint,
copper (resistivity: 1. 67x107° Qcm), silver (resistivity:
1.59x10  Qcm), gold (re51st1V1ty 2.35x107° Qcm), plati-
num (resistivity: 10. 6x10~° Qcm), aluminum (r651st1v1ty
2.66x10  Qcm), or chromium (resistivity: 12.9x107° Qcm),
or an alloy containing at least one of them is preferably used.
In addition, the auxiliary electrode layer 42 is located to
overlap the positions of the selection scan lines X;, X,, . . .
, X, current lines Y;, Yo, . .., Y, and voltage source scan
lines Z,, Z,, . . . , Z_, connected to the first transistors 8§,
second transistors 9, and third transistors 10 when viewed
from the upper side. When a light-shielding material having
a low reflectance is used, the auxiliary electrode layer 42 can
be used as a light-shielding film (black mask) between the
pixels. The thickness of the auxiliary electrode layer 42 is
preferably about 10 to 1,000 nm and, to obtain a larger
light-shielding effect, preferably 50 nm or more. If the
selection scan lines X;, X,, . . . , X,,, current lines Y;, Y,
, Y, or voltage source scan lines Z,, Z,, . . . , Z are
wiring lines made of a conductive material having a reflec-
tance, and the optical interference layer 19 does not overlap
the wiring lines made of the conductive material having a
reflectance, or if at least the selection scan lines X, X, . .
, X current lines Y;, Y,, . .., Y, or voltage source scan
lines Z,, Z,, . . . , Z,, are wiring lines made of a conductive
material having a reflectance, and the display apparatus 1
has no optical interference layer 19, the auxiliary electrode
layer 42 can suppress reflection by external light in the
wiring lines made of the conductive material having a
reflectance. Hence, the visibility can be increased. In this
case, more specifically, the auxiliary electrode layer 42
preferably contains at least one of chromium, chromium
oxide, a chromium alloy, nickel-tantalum alloy, nickel-
copper alloy, and any other nickel alloy. The luster of the
auxiliary electrode layer 42 may be eliminated to obtain a
lower reflectance by forming a very small three-dimensional
pattern on its surface. When the transparent conductive layer
13b is not formed, the auxiliary electrode layer 42 may come
into direct contact with a part of the electron injection layer
13a between the insulating protective layers 41. When the
electron injection layer 13a is not formed, the auxiliary
electrode layer 42 may come into direct contact with the
counter transparent electrode 13 including only the trans-
parent conductive layer 13 between the insulating protec-
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tive layers 41. As described above, the auxiliary electrode
layer 42 is formed around the pixel P; ;. Hence, the auxiliary
electrode layer 42 can be deposited thick enough to be
opaque. For this reason, the sheet resistance can greatly be
reduced.

[0098] Since the auxiliary electrode layer 42 is made of a
material having a lower resistivity than the transparent
conductive layer 13b, the sheet resistance of the electrode on
the upper side of the EL layer 15 can be reduced. In addition,
the auxiliary electrode layer 42 does not overlap the portion
of the transparent conductive layer 13b, which is located in
the display region. For this reason, light from the EL layer
15 can pass the portion of the transparent conductive layer
13b, which is located in the display region, and be output
without being shielded by the auxiliary electrode layer 42.

[0099] If there is no auxiliary electrode layer 42, the
voltage in the counter transparent electrode 13 is attenuated
in a pixel far apart from the wiring source, which outputs the
reference potential Vg to the counter transparent electrode
13, as compared to a pixel close to the wiring source because
the sheet resistance of the counter transparent electrode 13
is high. This makes the current density nonuniform and
generates a variation in light emission luminance in the
plane. However, when the auxiliary electrode layer 42 is
used, the sheet resistance of the electrode of each organic ELL
element can be reduced. Hence, the density of current
flowing to the counter transparent electrodes 13 of the pixels
can be made constant without reducing the transmittance,
and uniform light emission can be caused in the display unit
7.

[0100] Alight-shielding film 44 is formed on the auxiliary
electrode layer 42, i.e., in a non-display region. The light-
shielding film 44 is formed in a matrix when viewed from
the upper side, like the auxiliary electrode layer 42, and
overlaps the auxiliary electrode layer 42. The light-shielding
film 44 itself need not be conductive but has a light-shielding
effect and low reflectance. The light-shielding film 44 is
located to overlap the auxiliary electrode layer 42 which
overlaps the first transistors 8, second transistors 9, third
transistors 10, selection scan lines X;, X,, . . ., X, current
lines Y;,Y,,...,Y,, and voltage source scan lines Z,, Z,,
..., Z, when viewed from the upper side. Hence, the
structure of the light-shielding film 44 can suppress light
reflection by these components and make reflected light
almost invisible. The light-shielding film 44 can be made of
a material prepared by, e.g., dispersing a black pigment
having a light-shielding effect and low reflectance, such as
carbon black, in a matrix (binder) such as a resin. Alterna-
tively, the light-shielding film 44 may be made of a resin
having a light-shielding effect and low reflectance or a metal
such as chromium oxide. In this case, the auxiliary electrode
layer 42 itself need not have the light-shielding effect and
low reflectance, or the auxiliary electrode layer 42 itself may
have the light-shielding effect and low reflectance.

[0101] The insulating protective layers 41 and light-
shielding film 44 are covered with a sealing film 43. The
sealing film 43 is formed over the entire upper surface-of the
substrate 12. The sealing film 43 cancels steps generated
between the insulating protective layers 41 and the auxiliary
electrode layer 42. The sealing film 43 has an almost flat
upper surface. The sealing film 43 has a characteristic that
passes light and is made of a transparent resin (e.g., meth-
acrylic resin, acrylic resin, or epoxy resin).
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[0102] The pixel electrodes 16 do not overlap the selection
scan lines X; to X, current lines Y, to Y, and voltage
source scan lines Z, to Z_, when viewed from the upper side
to suppress any delay of the current flowing to the wiring
lines caused by the parasitic capacitance between the pixel
electrodes 16 and the wiring lines. However, if the insulating
planarization film 18 is so thick as to sufficiently relax the
parasitic capacitance, the pixel electrodes 16 may overlap
the wiring lines. Accordingly, the EL layers 15 on the pixel
electrodes 16 can also be made large. Hence, the display area
can be increased, or the display area ratio in the display unit
7 can be made high.

[0103] The upper portion of the sealing film 43 may
hermetically be sealed by a glass substrate, as needed.

[0104] The pixel driving circuits D,, to D, of the
display apparatus 1 are of a current gray level type which
displays multiple gray levels by controlling the value of the
signal current flowing to one of the third transistors 10, as
will be described later. However, the present invention is not
limited to this. The pixel driving circuits may be of a voltage
gray level type which displays multiple gray levels by
controlling the voltage value of the signal voltage applied to

the pixel driving circuits D, ; to D ..

[0105] A method of manufacturing the display apparatus 1
will be described next.

(1) Array Substrate Manufacturing Step
[0106] As shown in FIGS. 7A and 7B, the first transistor

8, second transistor 9, and third transistor 10 of each pixel
are formed on the display unit 7 of the flat substrate 12. In
addition, the selection scan lines X, X, . . ., X, current
lines Y;, Y,, . .., Y,, and voltage source scan lines Z,, Z,,
..., Z_ are formed. After that, the transistors 8 to 10 and
the wiring lines X; to X, Y, to Y, and Z, to Z_ are
selectively covered with the protective insulating film 29
made of silicon nitride or silicon oxide. The insulating
planarization film 18 made of a resin such as polyimide is
deposited on the protective insulating film 29 in correspon-
dence with the entire region of the display unit 7. Then, the
reflecting layer 194, transparent layer 195, and half-reflect-
ing layer 19¢ are sequentially formed to form the optical
interference layer 19.

(2) Opening Portion Formation Step

[0107] Asshown in FIGS. 8A and 8B, the contact hole 49
which communicates with the source electrode layer 28 of
the third transistor 10 of each pixel are formed in the optical
interference layer 19, insulating planarization film 18, and
protective insulating film 29 by photolithography. An open-
ing portion 18« of the insulating planarization film 18 forms
part of the contact hole 49. When the height of the insulating
planarization film 18 is more than the thickness of the pixel
electrode 16, the opening portion 18z may be filled with a
conductive material before formation of the pixel electrodes
16.

(3) Pixel Electrode Array Formation Step

[0108] As shown in FIGS. 9A and 9B, a transparent
conductive film (e.g., an ITO film) is formed on the entire
surface of the optical interference layer 19 by epitaxial
growth. A resist is formed in a matrix on the conductive film
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by the photoresist process. The conductive film is processed
by etching or the like by using the resist as a mask. After
that, the resist is removed. The remaining conductive film
becomes the pixel electrode 16 which is electrically con-
nected to the source electrode layer 28 of the third transistor
10 through the contact holes 49. The plurality of pixel
electrodes 16 can be patterned in a matrix. Each of the
plurality of pixel electrodes 16 is arranged in a correspond-
ing display region surrounded by the first transistor 8,
second transistor 9, and third transistor 10 of each pixel. The
pixel electrodes 16 are also electrically isolated from each
other. The edge portion 164 has been formed along the first
transistor 8, second transistor 9, and third transistor 10. The
pixel electrodes 16 overlap the optical interference layer 19
when viewed from the upper side. If an etchant for the
transparent conductive film may erode the optical interfer-
ence layer 19, an insulating layer having a high etching
resistance may be inserted between the optical interference
layer 19 and the pixel electrodes 16.

(4) Liquid-Repellent Film Formation Step

[0109] As shown in FIGS. 10A and 10B, the liquid-
repellent film 14 having the opening portions 14a to which
the central portions of the pixel electrodes 16 are exposed is
formed into a mesh shape on the display unit 7. At this time,
the edges which define the opening portion 14a of the
liquid-repellent film 14 cover the edge portions 16a of the
pixel electrodes 16. The liquid-repellent film 14 may be
formed by photolithography and then etching. The liquid-
repellent film 14 may be a fluoroplastic film such as a
silazane compound which has Si—N—Si bonds and a
functional group containing fluorine in which a functional
group containing fluorine is bonded to N or/and Si, or a
reactive silicon film.

[0110] The EL layers 15 may be formed in the following
way. The liquid-repellent film 14 is formed on the entire
surface of the display unit 7. A photocatalyst which gener-
ates an active species that promotes chemical reaction to
eliminate the liquid repellency upon receiving light in a
predetermined wavelength range is placed on the liquid-
repellent film 14 on the upper surface of each pixel electrode
16. The light in the predetermined wavelength range is
caused to become incident from the upper surface of the
photocatalyst to impart a lyophilic effect to the liquid-
repellent film 14 on the pixel electrode 16 where the EL
layer 15 should be formed. The EL layer 15 is formed on the
liquid-repellent film 14 by a method to be described later.
More specifically, a liquid containing silazane compound is
applied thin to the entire surface of the display unit 7. After
the silazane compound is converted into a polymer, the
liquid is dried, and a photocatalyst such as titanium oxide is
placed on the pixel electrodes 16. The photocatalyst is
selectively irradiated with UV rays to eliminate fluorine or
a functional group containing fluorine from the silazane-
based polymer on the pixel electrodes 16 to eliminate the
liquid repellency of the liquid-repellent film 14. The liquid
repellency of the liquid-repellent film 14 located between
the pixel electrodes 16 may be maintained without irradiat-
ing it with UV rays. The liquid-repellent film 14 having no
liquid repellency is an insulating film. However, the liquid-
repellent film 14 formed on the pixel electrode 16 does not
so greatly impede injection of carriers such as holes or
electrons because the liquid-repellent film 14 is very thin.
The liquid-repellent film 14 may be formed as a base which
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is made of polyimide and has the opening portion 144 as a
sidewall, and a liquid-repellent material such as a fluorine-
based material may be applied thin to the surface of the base.

(5) EL Layer Formation Step

[0111] As shown in FIGS. 11A and 11B, the EL layers 15
are formed on the pixel electrodes 16 exposed by the
opening portions 14a of the liquid-repellent film 14. In
patterning the EL layers 15, they may selectively be depos-
ited by using a droplet ejection nozzle (inkjet nozzle) which
ejects a liquid containing the material of the EL layers 15.
More specifically, the nozzle is made to oppose the substrate
12 placed on a stage. The nozzle is moved parallel to the
substrate 12, and when the nozzle is located on a surrounded
region, it ejects the organic compound containing liquid.
Accordingly, the EL layers 15 can be formed to overlap the
pixel electrodes 16 when viewed from the upper side.

[0112] When the EL layer 15 includes the hole transport
layer 15a and light-emitting layer 15b, a nozzle for the hole
transport layer first ejects a liquid containing the material of
the hole transport layer 154 as a droplet to each region
surrounded by the opening portion 144 of the liquid-repel-
lent film 14. After the liquid dries, and the hole transport
layer 154 is formed, a nozzle for the light-emitting layer 15b
of narrow sense ejects a liquid containing the material of the
light-emitting layer 15b as a droplet to each region sur-
rounded by the opening portion 14a of the liquid-repellent
film 14. The liquid dries, and the light-emitting layer 15b is
formed. Even when the droplet containing the material of the
hole transport layer 15a or light-emitting layer 155 drops to
the edge of the liquid-repellent film 14, the droplet is
repelled by the liquid-repellent film 14 and falls into the
opening portion (pixel electrode 16) surrounded by the
liquid-repellent film 14. If the liquid-repellent film 14 can
sufficiently repel the droplet, the EL layers 15 may be
formed by printing. At this time, the liquid-repellent film 14
partitions the liquid containing the material of the EL layers
15 between adjacent pixels even when the accuracy of the
printing technique is not so high as photolithography. Hence,
pixels with a fine pitch can be formed.

[0113] A metal mask having a mesh shape may be formed
over the substrate 12 while exposing the pixel electrodes 16.
The EL layers 15 may be formed in a matrix by executing
epitaxial growth in this state. If the hole transport layers 15a
of the pixels can be made of the same material regardless of
the colors of light emitted by the EL layers 15, the display
unit 7 may wholly be dipped in a liquid containing the
material of the hole transport layer 15a. Accordingly, the EL.
layers 15 can selectively be formed on the pixel electrodes
16 by the patterned liquid-repellent film 14. Instead of
forming the liquid-repellent film 14, the hole transport layer
154 may be formed as a continuous layers across the pixels
by wholly dipping the display unit 7 in the liquid containing
the material of the hole transport layer 15a.

(6) Counter Transparent Electrode Formation Step

[0114] As shown in FIGS. 12A and 12B, a layer made of
magnesium, calcium, lithium, barium, a single metal includ-
ing a rare earth metal, or an alloy containing at least one of
these single substances is formed over the entire surface of
the display unit 7 (on the layers 14 and 15) to a thickness of
10 to 200 nm by sputtering or deposition in an inert gas
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atmosphere such as argon or in a reduced pressure atmo-
sphere at 1 Torr or less, thereby forming the electron
injection layer 13a. Subsequently, a material selected from
indium tin oxide (ITO), indium zinc oxide, and cadmium tin
oxide (CTO) is formed on the entire surface of the formed
layer 13a to a thickness of 50 to 200 nm by sputtering or
deposition such as CVD, thereby forming the transparent
conductive layer 13b on the electron injection layer 13a.

(7) Insulating Protective Layer Array Formation
Step

[0115] As shown in FIGS. 13A and 13B, epitaxial
growth, photoresist process, etching, and resist removal are
sequentially executed to pattern the plurality of transparent
insulating protective layers 41 in a matrix. The insulating
protective layers 41 are formed to overlap the EL layers 15
when viewed from the upper side. The insulating protective
layer 41 has a high transmittance to visible light and is made
of an inorganic silicide such as silicon oxide or silicon
nitride or an organic resin such as polyimide. When the
insulating protective layers 41 are made of an organic resin,
they may directly be patterned in a matrix by using a droplet
ejection technique (inkjet technique) instead of sequentially
executing epitaxial growth, photoresist process, etching, and
resist removal.

(8) Auxiliary Electrode Layer Formation Step

[0116] As shown in FIGS. 14A and 14B, a conductive
film having a light-shielding effect, which is made of e.g.,
copper, silver, gold, platinum, aluminum, chromium, and an
alloy containing at least one of them, is formed on the
counter transparent electrode 13 by epitaxial growth such as
sputtering. In addition, a light-shielding resin prepared by
dispersing carbon black in a resin or a light-shielding metal
such as chromium oxide is formed on the formed conductive
film and then patterned at once by etching by photolithog-
raphy to form the auxiliary electrode layer 42 and the
light-shielding film 44 on it. The auxiliary electrode layer 42
preferably has a resistivity of 50.0x107° Qcm or less and a
thickness of about 10 to 1,000 nm. The insulating protective
layer 41, EL layer 15, pixel electrode 16, and optical
interference layer 19 are arranged in the region in each
opening portion 42a of the auxiliary electrode layer 42. The
edge portion 4la of the insulating protective layer 41
extends outside the opening portion 42a of the auxiliary
electrode layer 42. Hence, in patterning the auxiliary elec-
trode layer 42 by etching, the insulating protective layer 41
can protect the transparent conductive layer 135 from the
etchant. The electron injection layer 13a which is relatively
easily oxidized is also covered with the insulating protective
layer 41 and transparent conductive layer 13b. Hence, even
when one of the insulating protective layer 41 and transpar-
ent conductive layer 13b has any pinhole, the other layer
protects the electron injection layer 13a so that it can be
prevented from being oxidized by the etchant. In addition,
the auxiliary electrode layer 42 and light-shielding film 44
have a shape that overlaps the first transistors 8, second
transistors 9, third transistors 10, selection scan lines X, X,

., X, current lines Y,, Y,, . . ., Y,, and voltage source
scan lines Z,, Z,, . . . , Z,,, when viewed from the upper side.
When the light-shielding film 44 is to be formed by oxidiz-
ing the conductive material (e.g., chromium) of the auxiliary
electrode layer 42, the light-shielding film 44 may be formed
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by forming the auxiliary electrode layer 42 and oxidizing its
upper surface portion. The thickness of the conductive
material formed at this time includes in advance the portion
to be oxidized for the light-shielding film 44. When the
conductive film is a chromium film, wet etching may be
executed by using, as an etchant, a solution mixture con-
taining ceric ammonium nitrate and perchloric acid.

(9) Step of Forming Sealing Film

[0117] As shown in FIGS. 15A and 15B, the sealing film
43 prepared by inserting thin metal films and inorganic
compound layers between a plurality of resin films is formed
over the entire display unit 7. At this time, the sealing film
43 preferably covers all the components in the display unit
7 as much as possible, except components extending outside
the region of the display unit 7, such as the terminals of the
selection scan lines X; to X, current lines Y; to Y., and
voltage source scan lines Z, to Z_, and the terminals of the
counter transparent electrode 13 of the organic EL elements
E, ; to E,, . To smoothen the surface of the sealing film 43
to efficiently output light from the EL layers 15, the surface
of the sealing film 43 may be subjected to chemical polish-
ing, mechanical polishing, or chemical mechanical polish-
ing. In addition, a counter substrate opposing the substrate
12 may be arranged above the sealing film 43 to arrange the
display unit 7 between the substrates.

[0118] Inthe display apparatus manufactured in the above
way, the selection scan driver 3, voltage source driver 4, and
data driver 5 control the pixel driving circuits D, ; to D, ,
of the pixels P, ; to P,  through the selection scan lines X
to X, current lines Y, to Y, and voltage source scan lines
Z, to Z,, to cause the organic EL elements E,, to E_, , to
appropriately emit light so that the light emerges outside
from the side of the counter transparent electrode 13. Hence,
the display surface is formed on the side of the counter
transparent electrode 13. A user who opposes the side of the
counter transparent electrode 13 can see the displayed
contents.

[0119] As described above, in this embodiment, the aux-
iliary electrode layer 42 having a mesh shape is formed
directly on the counter transparent electrode 13 while over-
lapping the non-display regions between the plurality of
pixel electrodes 16. For this reason, even when the counter
transparent electrode 13 is made of, e.g., a metal oxide
material having a relatively high resistivity, the sheet resis-
tance of the entire electrode can be reduced to make a
current easily flow while the decrease of the aperture ratio is
minimized. In addition, since the low resistive auxiliary
electrode layer 42 arranged on the entire region of the
counter transparent electrode 13, the applied voltage on a
side of the counter transparent electrode 13 can be uni-
formed in the plane. Even if the same potential is applied to
all the pixel electrodes 16, the value of the flowing current
becomes uniform. All the EL layers 15 can emit light almost
at the same intensity, and the light emission intensity in the
plane can be uniformed.

[0120] Furthermore, since the auxiliary electrode layer 42
with a low resistance sufficiently reduces the sheet resistance
of the entire electrode, the counter transparent electrode 13
can be made thinner to suppress the degree of attenuation of
light emitted from the EL layers 15 in passing through the
counter transparent electrode 13. As described above, a
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bright display screen can be provided even in low-voltage
driving. In addition, since any degradation in the EL layers
15 by the applied voltage can be suppressed, the service life
of the display apparatus 1 can be prolonged.

[0121] Since the auxiliary electrode layer 42 having a
light-shielding effect functions as a light-shielding film in
the non-display region, the contrast ratio can be increased. In
addition, since interference of external light occurs in the
optical interference layer 19, the reflectance of external light
that becomes incident on the display surface of the display
apparatus 1 can be reduced. Even when the display appa-
ratus 1 exists under a bright environment, any decrease in
contrast ratio of the display surface can be suppressed.
Hence, the display screen of the display apparatus 1 is highly
visible for the user.

[0122] Modifications will be described below. The display
apparatus of each modification has the same arrangement as
that of the display apparatus 1 according to the above
embodiment except points to specially be mentioned below.

[0123] (First Modification)

[0124] In the above embodiment, each pixel electrode 16
serves as an anode, and the counter transparent electrode 13
serves as a cathode. However, as shown in FIG. 16, each
pixel electrode 16 may serve as a cathode, and the counter
transparent electrode 13 may serve as an anode. In this case,
the pixel electrode 16 has a multilayered structure including
a transparent conductive layer 164 and an electron injection
layer 16¢ sequentially formed from the side of the substrate
12. The transparent conductive layer 164 and electron injec-
tion layer 16e are formed independently for each pixel and
arrayed in a matrix. The characteristic and component of the
transparent conductive layer 164 are the same as those of the
transparent conductive layer 136 in the above embodiment.
The characteristic and component of the electron injection
layer 16¢ are also the same as those of the electron injection
layer 13a in the above embodiment. The transparent con-
ductive layer 16d is connected to the source electrode layer
28 of the third transistor 10 through the opening portion 49.

[0125] In this case, the counter transparent electrode 13
has a single-layered structure. The single layer is formed
solidly on the entire surface. The material composition and
characteristic of the counter transparent electrode 13 are the
same as those of the pixel electrode 16 of the above
embodiment.

[0126] In addition, the layer formation order in the EL
layer 15 is reverse to that in the above embodiment. More
specifically, in the first modification, the EL layer 15 has a
multilayered structure including the light-emitting layer 155
and hole transport layer 15a sequentially formed from the
side of the pixel electrode 16. The EL layer 15 may have a
three-layered structure including an electron transport layer,
a light-emitting layer, and a hole transport layer sequentially
formed from the side of the pixel electrode 16, a two-layered
structure including an electron transport layer and a light-
emitting layer sequentially formed, or a single-layered struc-
ture including only a light-emitting layer.

[0127] Even in the display apparatus of the first modifi-
cation, the auxiliary electrode layer 42 formed into a mesh
shape can increase the density of a current supplied from the
counter transparent electrode 13 and uniform the current
density in the plane.
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[0128] (Second Modification)

[0129] In the above embodiment, the auxiliary electrode
layer 42 is formed on the counter transparent electrode 13.
However, as shown in FIG. 17, the auxiliary electrode layer
42 may be arranged under the counter transparent electrode
13. The position of the auxiliary electrode layer 42 when
viewed from the upper side is the same as in the above
embodiment shown in FIG. 3. The auxiliary electrode layer
42 is patterned before formation of the counter transparent
electrode 13. Hence, no insulating protective layers 41 need
be formed between the counter transparent electrode 13 and
the auxiliary electrode layer 42. In addition, the conducive
light-shielding film 44 may be formed between the counter
transparent electrode 13 and the auxiliary electrode layer 42.

[0130] (Third Modification)

[0131] In the above embodiment, the auxiliary electrode
layer 42 is formed into a mesh shape which overlaps the
entire region between the pixel electrodes 16. However, as
shown in FIG. 18, the auxiliary electrode layer 42 may be
divided into a plurality of stripes. More specifically, the
auxiliary electrode layers 42 formed into a band shape long
in the row direction (horizontal direction) are directly
formed on and connected to the counter transparent elec-
trode 13 so as to be continuously arranged around the
plurality of pixel electrodes 16 adjacent in the row direction
when viewed from the upper side. The auxiliary electrode
stripe layers 42 reduce the sheet resistance together with the
counter transparent electrode 13. Hence, the voltage can be
uniformed in the plane such that the current density for the
organic EL elements becomes uniform. The auxiliary elec-
trode stripe layers 42 may be formed not to overlap the
selection scan lines X, X,, . . ., X, or voltage source scan
lines Z,, Z,, . . . , Z,, when viewed from the upper side. To
suppress any decrease in aperture ratio of the pixels, the
auxiliary electrode stripe layers 42 preferably do not overlap
the pixel electrodes 16 when viewed from the upper side.

[0132] (Fourth Modification)

[0133] As shown in FIG. 19, the plurality of auxiliary
electrode layers 42 formed into a band shape long in the
column direction (vertical direction) are directly connected
to the counter transparent electrode 13 so as to be continu-
ously arranged around the plurality of pixel electrodes 16
adjacent in the column direction when viewed from the
upper side. The auxiliary electrode stripe layers 42 reduce
the sheet resistance together with the counter transparent
electrode 13. Hence, the voltage can be uniformed in the
plane such that the current density for the organic EL
elements becomes uniform. With this structure, the auxiliary
electrode layers 42 may be formed not to overlap the current
lines Y;, Y,, ..., Y, when viewed from the upper side. To
suppress any decrease in aperture ratio of the pixels, the
auxiliary electrode stripe layers 42 preferably do not overlap
the pixel electrodes 16 when viewed from the upper side.

[0134] (Fifth Modification)

[0135] In the above embodiment, the auxiliary electrode
layer 42 is continuously formed between the plurality of
pixels when viewed from the upper side. However, the
present invention is not limited to this. As shown in FIG. 20,
the auxiliary electrode layers 42 may be formed individually
around the pixel electrodes 16 of the respective pixels. The
auxiliary electrode layers 42 may be formed not to overlap
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the selection scan lines X;, X, . . ., X, current lines Y, Y.,
..., Y, or voltage source scan lines Z,, Z,, . . . , Z,, when
viewed from the upper side. To suppress any decrease in
aperture ratio of the pixels, the auxiliary electrode layers 42
preferably do not overlap the pixel electrodes 16 when
viewed from the upper side.

[0136] (Sixth Modification)

[0137] In the above embodiment, the auxiliary electrode
layer 42 is formed on the counter transparent electrode 13
having a high resistance to reduce the sheet resistance. If the
pixel electrodes 16 are formed as, e.g., transparent electrode
by using a metal oxide, and the resistance becomes relatively
high, pixel electrode auxiliary electrode layers 45 may be
formed to partially overlap the edge portions 164 of the pixel
electrodes 16, as shown in FIG. 21. The pixel electrode
auxiliary electrode layer 45 is formed electrically indepen-
dently for each pixel. The pixel electrode auxiliary electrode
layer 45 of a given pixel is separated from the pixel electrode
auxiliary electrode layer 45 of an adjacent pixel. Each pixel
electrode auxiliary electrode layer 45 is formed in a frame
shape to surround the corresponding pixel electrode 16 and
is in direct contact with it. The upper surfaces of the pixel
electrode auxiliary electrode layers 45 adjacent to each other
under the auxiliary electrode layer 42 are covered with the
liquid-repellent film 14. The EL layers 15 surrounded by the
liquid-repellent film 14 are formed on the upper surfaces of
the pixel electrodes 16. The counter transparent electrode 13
is formed on the upper surfaces of the EL layers 15 across
the plurality of pixels. If the liquid-repellent film 14 can
exhibit no sufficient insulating properties between the pixel
electrodes 16 and the counter transparent electrode 13, an
insulating film having a mesh shape may be formed by using
silicon nitride or polyimide, and a film having liquid repel-
lency may be formed on the surface of the insulating film.
To decrease the whole thickness, the pixel electrode auxil-
iary electrode layers 45 are preferably made of a material
having a lower resistivity than the pixel electrodes 16. The
material can be selected from copper, silver, gold, platinum,
aluminum, chromium, and an alloy containing at least one of
them. The pixel electrode auxiliary electrode layers 45 may
be designed in a smaller width than the auxiliary electrode
layer 42 such that the pixel electrode auxiliary electrode
layers 45 cannot be seen from the upper side of the auxiliary
electrode layer 42. Alternatively, the pixel electrode auxil-
iary electrode layers 45 may be designed in the same
dimensions as those of the auxiliary electrode layer 42 such
that they completely overlap the auxiliary electrode layer 42.
Only the pixel electrode auxiliary electrode layers 45 may be
formed without forming the auxiliary electrode layer 42.

[0138] The present invention is not limited to the above-
described embodiment and modifications, and various
changes and modifications can be made without departing
from the spirit and scope of the present invention.

[0139] In the above description, as an example of two-
dimensional array of the plurality of pixel electrode 16, they
are arrayed in a matrix. Instead, the plurality of pixel
electrodes 16 may be arranged in a delta array in which
triangles are formed by the vertices of adjacent R, G, and B
pixels. Alternatively, the pixel electrodes 16 may be
arranged in a honeycomb by forming hexagonal pixels.
Pixel groups each including a plurality of pixels which emit
light of the same color may be arrayed along the column
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direction such that each pixel group is arranged adjacent to
pixel groups including a plurality of pixels which emit light
of different colors in the row direction.

[0140] In the above description, one organic EL element
(i.e., one pixel electrode 16 and one EL layer 15) is arranged
in one region surrounded by the auxiliary. electrode layer 42
when viewed from the upper side. However, a plurality of
organic EL elements may be arranged in one surrounded
region.

[0141] The circuit arrangement of the pixel driving circuit
D;; will be described next in detail.

[0142] A voltage Vg applied to the voltage source scan
line Z; during a nonselection period is equal to or higher than
the reference potential Vgg. A voltage Vg applied to the
voltage source scan line Z; during a selection period is equal
to or lower than the reference potential Vgg. The reference
potential Vg is, e.g., ground potential.

[0143] As shown in FIG. 1, the selection scan driver 3 is
connected to the selection scan lines X; to X, of the display
panel 2. The selection scan driver 3 is a so-called shift
register. The selection scan driver 3 sequentially outputs a
scan signal to the selection scan lines X; to X, in the order
from X, to X, (the selection scan line X, follows the
selection scan line X)) in accordance with the control
signals ¢s output from the controller 6, thereby sequentially
selecting the first transistors 8 and second transistors 9
connected to the selection scan lines X; to X_. More
specifically, when the first transistors 8 and second transis-
tors 9 are n-channel transistors, the selection scan driver 3
selectively applies an ON voltage Vo of high level (suffi-
ciently higher than the reference potential Vgg) or an OFF
voltage Vopp of low level (equal to or lower than the
reference potential V) to the selection scan lines X, to X .
During a selection period when the selection scan line X; of
the selection scan lines X, to X is selected, the selection
scan driver 3 outputs a pulse of the ON voltage V4 to the
selection scan line X;. Accordingly, the second transistors 9
and third transistors 10 (all the second transistors 9 and third
transistors 10 in the pixel driving circuits D;,; to D;,)
connected to the selection scan line X; are turned on. During
a nonselection period except the selection period, the OFF
voltage Vpp 1s applied to the selection scan line X; so that
the second transistors 9 and third transistors 10 are turned
off. The selection periods of the selection scan lines X, to
X preferably do not overlap each other. However, if a
plurality of pixels P connected to the current line Y; of the
same column should emit light of the same gray level,
settings may be done such that the selection periods of the
selection scan lines X, to X are synchronized, and the
selection periods of the voltage source scan lines Z, to Z,,
are synchronized.

[0144] The voltage source driver 4 is connected to the
voltage source scan lines Z, to Z,, of the display panel 2. The
voltage source driver 4 is a so-called shift register. The
voltage source driver 4 sequentially outputs a pulse signal to
the voltage source scan lines Z, to Z, in the order from Z,
to Z,, (the voltage source scan line Z, follows the voltage
source scan line Z_) in accordance with the control signals
be output from the controller 6. More specifically, the
voltage source driver 4 applies to the voltage source scan
lines Z, to Z,, a selection voltage (e.g., 0 [V] when the
reference potential is ground potential) equal to or lower
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than the reference potential Vg at a predetermined period.
More specifically, during a selection period when the selec-
tion scan line X; of the selection scan lines X, to X, is
selected, the voltage source driver 4 applies a selection
voltage of low level to the voltage source scan line Z;. On
the other hand, during a nonselection period, the voltage
source driver 4 applies the nonselection voltage Vygg of
level higher than the reference potential Vgg to the voltage
source scan line Z;. The nonselection voltage Vg may be
a negative voltage if it is higher than the reference potential
Vgs- However, the nonselection voltage Vg has a suffi-
ciently large value such that a drain-to-source voltage Vg
of the third transistor 10 reaches a saturated area. The
saturation voltage will be described later in detail.

[0145] The controller 6 outputs the control signals ¢s,
control signals ¢e, and control signals ¢d to the selection
scan driver 3, voltage source driver 4, and data driver 5,
respectively, in accordance with input image data.

[0146] The data driver 5 is a current sink driver which
draws storage currents toward the data driver 5 from the
current lines Y, to Y, upon receiving the control signals
from the controller 6. That is, the data driver 5 has a current
sink circuit and generates storage currents in the current
lines Y, to Y, as indicated by arrows in FIG. 22. The value
of a display current which flows when the organic EL
elements E, ; to E_  emit light during the nonselection
period equals that of the storage current. During the selec-
tion period, the data driver 5 causes each capacitor 17 to
accumulate charges in a magnitude corresponding to the
value of the storage current as current data.

[0147] The operation principle in the pixels P, ; to P,
when the data driver 5 supplies storage currents having
predetermined values to the current lines Y, to Y, will be
described.

[0148] FIG. 24 is a graph showing the current vs. voltage
characteristic of the third transistor 10 as an NMOSFET.
Referring to FIG. 24, the abscissa represents the drain-to-
source voltage value, and the ordinate represents the drain-
to-source current value. In the unsaturated area of a FET, i.e.,
in the region where the drain-to-source voltage value V4 is
smaller than a drain saturation threshold voltage V. cor-
responding to a gate-to-source voltage value Vg, when the
gate-to-source voltage value Vg is constant, a source-to-
drain current value Ig increases as the drain-to-source
voltage value V¢ increases. In addition, in the saturated
area shown in FIG. 22, ie. in the region where the
drain-to-source voltage value V4 is equal to or larger than
the drain saturation threshold voltage V. corresponding to
the gate-to-source voltage value Vg, when the gate-to-
source voltage value Vg is constant, the source-to-drain
current value I g is almost constant.

[0149] The source-to-drain current value Ijg in the satu-
rated area is given by

HCoZ ) 1
ke S
Ips oL (Vas = V)

[0150] In equation (1), u is the mobility of carriers (elec-
trons), C,, is the capacitance using the gate insulating film of
the MOS structure as a dielectric, Z is the channel width, and
L is the channel length.
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[0151] Referring to FIG. 24, gate-to-source voltage values
Vgso 10 Vgsmax have a  relation
0<V551<Vi52<Vis3<Vosa<Vasmax- That is, when the
drain-to-source voltage value V¢ is constant, the source-
to-drain current value I,g increases in both the unsaturated
area and the saturated area as the gate-to-source voltage
value Vg increases. In addition, as the gate-to-source volt-
age value Vg increases, the drain saturation threshold
voltage V. also increases.

VGSO=

[0152] As is apparent from the above description, in the
unsaturated area, if the drain-to-source voltage value V4
even slightly changes, the source-to-drain current value I
changes. In the saturated area, however, when the gate-to-
source voltage value Vg is defined, the source-to-drain
current value I,g is uniquely defined. The source-to-drain
current level Ig when the third transistor 10 has the gate-
to-source voltage level Vggvax IS set to a current level
which flows between the pixel electrode 16 and the counter
transparent electrode 13 of the organic EL element E; ; which
emits light at the maximum luminance.

[0153] The operation of the pixel driving circuit Dj;
having the above-described arrangement, the method of
driving the pixel driving circuit D; ;, and the operation of the
display apparatus 1 will be described next with reference to
the timing chart shown in FIG. 25. Referring to FIG. 25, a
period Tgg is a selection period, a period Tygg is a nonse-
lection period, and a period T is one scanning period. Note
that Tg=Tgp+Tnse

[0154] In accordance with the control signals ¢s output
from the controller 6, the selection scan driver 3 sequentially
outputs a pulse of high level (ON level) to the selection scan
line X, of the first row to the selection scan line X, of the
mth row. In addition, in accordance with the control signals
¢e output from the controller 6, the voltage source driver 4
sequentially outputs a pulse of low level to the voltage
source scan line Z, of the first row to the voltage source scan
line Z,, of the mth row.

[0155] As shown in FIG. 25, in each row, the output
timing of the high-level voltage to the selection scan line X;
almost equals the output timing of the low-level pulse to the
voltage source scan line Z;. The time length of the high-level
voltage of the voltage source scan line Z; almost equals the
time length of the low-level voltage of the voltage source
scan line Z;. The period while the high-level pulse and
low-level pulse are output is the selection period Tgg Of the
row. During the selection period Tgg of each row, the data
driver 5 generates storage currents (i.e., currents toward the
data driver 5) for the current lines Y, to Y, of all columns in
accordance with the control signals id output from the
controller 6. The data driver 5 supplies, to the current line Y;
of each column, a storage current having a value correspond-
ing to image data received by the controller 6.

[0156] The current flow and voltage application of the
pixel P;; will be described in detail.

[0157] Atstart time t, of the selection period Tgy of the ith
row, the selection scan driver 3 starts outputting the voltage
of ON level (high level) to the selection scan line X; of the
ith row. During the selection period Tgg from times t, to t,,
the scan signal voltage Vo having a level that turns on the
first transistors 8 and second transistors 9 is applied to the
selection scan line X;. During the selection period Tgg Of the
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ith row, the selection voltage Vg equal to or lower than the
reference potential Vgq is applied to the voltage source scan
line Z;. In addition, during the selection period T, the data
driver 5 flows storage currents having predetermined values
in accordance with image data received by the controller 6.

[0158] Accordingly, during the selection period Tgg, the
first transistor 8 is turned on to supply a current from the
drain to the source. A voltage is applied to the gate of the
third transistor 10 and one terminal of the capacitor 17 to
turn on the third transistor 10. Furthermore, during the
selection period Tgg, the second transistor 9 is turned on, and
the data driver § is going to supply the storage currents
corresponding to the image data to the current lines Y, Y,
> Y, Yiiqs - - .5 Y, At this time, to supply the storage
currents to the current lines Y;, Y,, . . ., ) CRTRRRT % the
data driver 5 sets the current lines Y, Y,, . . ., Y}, Yy, - -
, Y, to a voltage which is equal to or lower than the
selection voltage Vg and also equal to or lower than the
reference potential Vgg to make the source potential in the
third transistor 10 lower than the drain potential.

[0159] A potential difference is generated between the gate
and the source of the third transistor 10. Hence, storage
currents I, I, . .., I, L,,5, .. ., I, having current values
designated by the data driver 5 (i.e., current values corre-
sponding to the image data) flow in a direction indicated by
an arrow a. During the selection period Tgp, the selection
voltage Vg of the voltage source scan line Z, is equal to or
lower than the reference potential Vgg. Hence, the potential
of the anode of the organic EL element E;; is lower than the
potential of the cathode. That is, a reverse bias voltage is
applied to the organic EL element E;;. For this reason, the
current from the voltage source scan l1ne Z,; does not flow to
the organic EL element Ej;.

[0160] At this time, the other terminal (connected to the
source electrode 10S of the third transistor 10) of each of the
capacitors 17 of the pixels P; ; to P; , has a potential corre-
sponding to the current value controlled (designated) by the
data driver 5. The potential is lower than the gate potential
of the third transistor 10. More specifically, the capacitor 17
of each of the pixels P; , to P;  stores charges which generate
a potential difference between the gate and the source of the
corresponding third transistor 10 so as to supply a corre-
sponding one of the currents I to I, to the third transistor 10
of the corresponding one of the pixels P; ; to P; ..

[0161] The potential at an arbitrary point on the wiring
line from the third transistor 10 to the current line Y; changes
depending on, e.g., the internal resistance in the second
transistor 9 and third transistor 10, which changes over time.
However, the current supplied by current control by the data
driver 5§ exhibits a predetermined current value. For this
reason, even when the resistance of the second transistor 9
and third transistor 10 becomes high, and the potential
between the gate and the source of the third transistor 10
changes, the predetermined value of the current that flows in
the direction indicated by the arrow o does not change.

[0162] At end time t, of the selection period Tgg, the
high-level pulse output from the selection scan driver 3 to
the selection scan line X; is ended, and the low-level pulse
output from the voltage source driver 4 to the voltage source
scan line Z; is ended. That is, during the nonselection period
Tnse from end time t, to start time t, of the next selection
period Tgg, the scan signal voltage Vg of OFF level (low
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potential) is applied to the gates of the first transistors 8 and
second transistors 9 on the selection scan line X;. Simulta-
neously, the nonselection voltage Vg much higher than the
reference potential Vg is applied to the voltage source scan
line Z;. For this reason, as shown in FIG. 23, during the
nonselection period Tygg, the second transistors 9 are turned
off, and no currents flow to the current lines Y, to Y,.
Furthermore, during the nonselection period Tygg, the first
transistors 8 are turned off.

[0163] The organic EL element E;; cannot avoid the deg-
radation over time with which the resistance gradually rises
in a long term. Hence, the divided resistance in the organic
EL element E,;; gradually rises. When a constant voltage is
applied, the voltage applied to a transistor connected in
series with the organic EL element E;; may become rela-
tively low. Let Vi be the maximum internal voltage of the
organic EL element E;. i which is necessary for the organic
EL element E;; to emit light at the maximum luminance
during the hght emission service life period. During the
nonselection period Tygg after the selection period Tgg, as
shown in FIG. 24, a condition given by

VNSE_ VE_ VSS o VTHMAX (2)

[0164] is satisfied such that the source-to-drain path of the
third transistor 10 maintains the saturated area even when
the gate-to-source voltage Vg of the third transistor 10 is
Vasmaxs 1-€., the source-to-drain current Ig of the third
transistor 10 is controlled by only the gate-to-source voltage
Vgs of the third transistor 10 independently of its drain-to-
source voltage V.

[0165] Vigmax Is the saturation threshold voltage
between the source and the drain of the third transistor 10 at
Vasmax- In consideration of the displacement of the satu-
ration threshold value and a variation in characteristics
between the plurality of third transistors 10 of the display
panel 2, which are caused by the degradation over time of
the third transistors 10, V.;ax 1S Set to a voltage which is
expected to be maximum within the range where the third
transistor 10 can normally drive when Vg ax 1S supplied
to the gate of the third transistor 10.

[0166] The capacitor 17 continuously holds, at one termi-
nal and the other terminal, the charges accumulated during
the selection period Tgg. The third transistor 10 continuously
maintains the ON state. That is, the gate-to-source voltage
value Vg of the third transistor 10 during the nonselection
period Tyge equals that during the selection period Tgg
before the nonselection period Tygg. For this reason, even
during the nonselection period Tygg, the third transistor 10
continuously supplies the display current equal to the stor-
age current having the value corresponding to the image data
in the selection period Tgq. However, since the second
transistor 9 is OFF, the current flows toward the low refer-
ence potential Vgg through the organic EL element E; ;, a

indicated by equation (2). Accordingly, the display current
i.e., the source-to-drain current Ig of the third transistor 10
flows to the organic EL layer 15 between the pixel electrode
16 and the counter transparent electrode 13 of the organic EL
element E; ; so that the organic EL element E;; emits light.

[0167] As described above, during the selection period
Tgg, the data driver 5 forcibly supplies a storage current
between the source and the drain of the third transistor 10
through the current line Y; in accordance with image data.
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During the nonselection period Tygg, the data driver §
supplies a display current equal to the extracted storage
current to the organic EL element E;;. Hence, the third
transistor 10 can supply a desired current corresponding to
the image data regardless of the variation in its characteristic
or the displacement of the characteristic caused by the
degradation over time. In addition, even when the resistance
of the organic EL element E;; rises over time, it can execute
stable luminance gray level display because a desired cur-
rent flows to the organic EL element E; ;. In one pixel, only
the third transistor 10 serving as a current control transistor
is connected in series with the organic EL element E; ;. Only
two components, i.e., the organic EL element E; ; and third
transistor 10 divide the voltage applied to the voltage source
scan line Z;. For this reason, driving at a low voltage and low
power consumption is possible. In addition, since the num-
ber of transistors in a pixel can be suppressed, the occupa-
tion area (aperture ratio) of the light emission region of the
pixel can be increased.

[0168] When the selection period Ty, of the selection scan
line X is ended, the selection period Tgg of the selection
scan line X, starts. The selection scan driver 3, voltage
source driver 4, data driver 5, and controller 6 operate in the
same way as for the selection scan line X;. In this way, the
organic EL elements E, ; to E, ,E, jtoE, ,...,E_ ,to
E,, , are line-sequentially selected, and the selection periods
of the selection scan lines X, to X are sequentially ended.
After that, the selection period Tgg of the selection scan line
X, starts again. As described above, a light emission period
Tgym When the pixels emit light during one scanning period
Tsc almost corresponds to the nonselection period Tygg. As
the number of selection scan lines increases, the light
emission period Ty, can be made long.

[0169] Since the active matrix driving display apparatus 1
using current control can be implemented by forming the
three, first transistor 8, second transistor 9, and third tran-
sistor 10 in one pixel P, ;, the image characteristic of the
display apparatus 1 is excellent. That is, in the active matrix
driving display apparatus 1 which controls the current value,
in the present invention, the ratio of the light emission area
of the pixel P;; can be made high. Hence, extra margins can
be ensured as other design margins. When the ratio of the
light emission area increases, the apparent brightness of the
display surface of the display apparatus 1 can be increased.
In addition, in display at a desired apparent brightness, the
value of the flowing current per unit area of the EL layer 15
can be made smaller. Hence, the light emission service life
of the organic EL element E;; can be prolonged.

[0170] Furthermore, since a reverse bias voltage is applied
to the organic EL element E;; during the selection period
Tsg, the element service life of the organic EL element E;;
becomes long. In the above embodiment, all the first tran-
sistor 8, second transistor 9, and third transistor 10 of each
pixel driving circuit D; ; are single-channel FETs including
only n-channels whose semiconductor layers are made of
amorphous silicon. The first transistor 8, second transistor 9,
and third transistor 10 can be formed on the substrate 12
simultaneously by one step. For this reason, any increase in
time or cost for manufacturing the display panel 2, display
apparatus 1, and pixel driving circuits D; ; can be suppressed.
Even when p-channel FETs are employed as the first tran-
sistor 8, second transistor 9, and third transistor 10, the same
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effect as described above can be obtained. At this time, the
signals shown in FIG. 25 have opposite phases.

[0171] In the embodiment, an EL layer is formed in each
pixel, a common EL layer or layers may be formed on the
all pixels or respective groups of the pixels.

What is claimed is:
1. A display apparatus comprising:

a substrate having one surface;

a plurality of pixel electrodes which are arrayed on a side
of said one surface of the substrate;

at least one EL layer formed on a corresponding one of the
pixel electrodes;

an counter electrode which is formed on the EL layer; and

an auxiliary electrode which is electrically connected to
the counter electrode and overlaps portions between the
pixel electrodes.

2. An apparatus according to claim 1, wherein a resistivity
of the auxiliary electrode is lower than a resistivity of the
counter electrode.

3. An apparatus according to claim 1, wherein the counter
electrode is transparent, and the auxiliary electrode has a
light-shielding effect.

4. An apparatus according to claim 1, wherein the counter
electrode has such a characteristic as to pass at least part of
a wavelength range of light emission by the EL layer.

5. An apparatus according to claim 1, wherein light
emitted by the EL layer is released from the counter elec-
trode.

6. An apparatus according to claim 1, further comprising
a light-shielding mask which is formed on the auxiliary
electrode while overlapping the auxiliary electrode.

7. An apparatus according to claim 1, wherein the auxil-
iary electrode is formed into a mesh shape to overlap a
substantial-entire regions between said plurality of pixel
electrodes.

8. An apparatus according to claim 1, wherein said
plurality of pixel electrodes are arrayed in a matrix, and

the auxiliary electrode is formed into a stripe shape
portions, each of which overlaps one of a portion
between pixel electrodes adjacent in a horizontal direc-
tion or a portion between pixel electrodes adjacent in a
vertical direction.

9. An apparatus according to claim 1, further comprising
an resonator which resonates at least some light components
of light emitted by the EL layer.

10. An apparatus according to claim 9, wherein the
resonator comprises a half-reflecting layer which is arranged
under the pixel electrodes, a transparent layer which is
formed under the half-reflecting layer while being in contact
with the half-reflecting layer, and a reflecting layer which is
formed under the transparent layer while being in contact
with the transparent layer,

a light transmittance increases in an order of the reflecting
layer, the half-reflecting layer, and the transparent
layer,

a light reflectance increases in an order of the transparent
layer, the half-reflecting layer, and the reflecting layer,
and

the pixel electrodes are transparent.
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11. An apparatus according to claim 1, which further
comprises a transparent layer which is formed under the
pixel electrodes and is in contact with the pixel electrodes,
and

a reflecting layer which is formed under the transparent
layer and is in contact with the transparent layer, and

in which a light transmittance increases in an order of the
reflecting layer, the pixel electrodes, and the transpar-
ent layer, and

a light reflectance increases in an order of the transparent
layer, the pixel electrodes, and the reflecting layer.
12. An apparatus according to claim 1, further comprising

a current line,

a switch circuit which supplies a storage current having a
predetermined current value to the current line during
a selection period and stops supplying the current to the
current line during a nonselection period, and

a current storage circuit which stores current data corre-
sponding to the current value of the storage current
which flows through the current line during the selec-
tion period and supplies a display current having a
current value substantially equal to the storage current
to the EL layer through the pixel electrode during the
nonselection period in accordance with the current data
stored during the selection period.

13. An apparatus according to claim 12, wherein the
current storage circuit includes a current control transistor
which supplies the display current to the EL layer.

14. An apparatus according to claim 12, wherein the
switch circuit includes a current path control transistor
which has a current path with one end connected to the
current line, supplies the storage current to the current line
during the selection period, and stops supplying the display
current to the current line during the nonselection period.

15. An apparatus according to claim 12, wherein the
switch circuit includes a current data write control transistor
which controls a write of the current data in the current
storage circuit.
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16. A display apparatus comprising:

a plurality of pixel electrodes which are arrayed on a side
of one surface of a substrate;

a plurality of auxiliary electrodes which are electrically
connected to the pixel electrodes respectively, the aux-
iliary electrodes being separated from one another;

at least one EL layer formed on the pixel electrodes; and

a counter electrode which is formed on the EL layer.
17. A display apparatus comprising:

a plurality of pixel electrodes which are arrayed on a side
of one surface of a substrate;

at least one EL layer formed on the pixel electrodes;
a counter electrode which is formed on the EL layer;

an auxiliary electrode which is electrically connected to
the counter electrode and overlaps portions between
said plurality of pixel electrodes;

a plurality of current lines;

a plurality of switch circuits each of which supplies a
storage current having a predetermined current value to
the current line during a selection period and stops
supplying the current to the current line during a
nonselection period; and

a plurality of current storage circuits each of which stores
current data corresponding to the current value of the
storage current which flows through the current line
during the selection period and supplies a display
current having a current value substantially equal to the
storage current to the EL layer through the pixel
electrode during the nonselection period in accordance
with the current data stored during the selection period.

18. An apparatus according to claim 17, wherein the

current storage circuit includes a current control transistor
which supplies the display current to the EL layer.
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