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DESCRIPTION

DISPLAY DEVICE

Technical Field
I0001]

The present invention relates to a display device
having a pixel array formed by regularly arranging a
plurality of pixel units, each of which isladapted to
display a single color and made up of N consecutive
pixels of three or more colors. The present invention
relates more particularly to a display device having, in
each pixel, a pixel circuit formed by integrating a self-
luminous light-emitting element adapted to emit light of
a predetermined characteristic color by itself and part

cf & drive clircuit cf the same.

Background Art
[0002]

Some display devices use electro-optical elements
whose brightness changes with changs in voltage applied
thereto or current flowing therethrough. For example, a
liguid crystal display element is a typlcal example of an

electro-optical element whose brighitness changes with
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change in voltage applied thereto. &An organic electro-
luminescence element is a typical example of an electro-
optical element whose brightness changes with change in
current flowing therethrough. An crganic electro-
luminescence element is commonly called an OLED {QOrganic
Light Emititing Dicde). A liguid crystal display element
i8 an opticél nmodulation element (i.e., non—-self-
luminous) adapted to modulate light from the light source.
An OLED differs from a liguid crystal display element in
that the former is a self-luminous element which can emit
light by itself.

[6003]

An OLED includes a plurality of organic thin films
stacked one on top of another between upper and lower
electrodes. These organic films serve as organic hele
transporting layer and corganic light-emitting laver.
These films are generally thin although they vary in
thickness according to the wavelength of emitted light
and also for reasons including providing iight
enhancement effect. These films are difficult to form
because they are made of organic materials., An OLED is an
electro-optical element that takes advantage of light
emission as a result of application of an slectric field

to the corganic thin films. 2 color gray level is obtained
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by controlling the current value flowing through the OLED.
In & display device using OLEDs as electro-optical
alements, therefore, a pixel circuit is provided for each
pixel that includes a drive transistor adapted to control
the amcunt of current flowing through the OLED.
[0co4]

A variety of pixel circuits have been ﬁroposed.
Chief among the known circuit types are four-transilstor
(4T) one-capacitor {(1C}, 47T-2C, 5T-1C and 3T-1iC circuits.

All these circuits prevent image degradaticn caused
by characteristic variation of the transistors formed by
TFTs {Thin Film Transistors) and are intended to maintain
a drive current constant in the pixel circuit, thus
providing improved uniformity in brightness over the
entire screen. In particular, when the OLED is connected
Lo power in the pixel circuit, the characteristic
variation of the drive transistor adapted to contrsl the
amount of current according to a data potentizal of the
input video signal directly affects the emission
brightness of the OLED. Therefore, the characteristic of
the drive transistor, i1.e., the threshold voltage, must‘
be corrected.

Further, assuming that the threshold voltage is

corrected, correcting the driving capability component
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{generally referred to as mcbility) obtained by
subtracting the components causing variastion in threshold
from the current driving capability of the drive
transistor provides even higher uniformity.

The corraction of the threshold voltage and
mebility of the drive transistor is described in detail,
for example, in Patent Document 1.

Patent Document 1: Japanese Patent Lalid-Open No.

2006-215213

Disclosure of Invention
[G005]

Howaver, panels ars susceptible to display defects
such as dark dots in which light emitting isn't performed
normally caused by dust attached to CLEDs and other
electro-optical elements during manufacture. These
display defects are detrimental to providing improved
vield of the display device, hampering the cost reduction
therect.

In the case of OLED in particular, dust is often
produced when organic thin films are stacked in a number
of layers to form a multi-layered film structure. Organic
thin films adhere to the inside of the deposition device

and readily peel off, floating in the chamber cf the



deposition device. If the electrodes of the OLED are
shorted to a given resistance as a result of adherence of
guch dust, a dark dot defect readily occurs in which the
dot remains unlit at all times.

[0006]

In the event of a dark dot defect, on the other
hand, the extent to which the defect is visually
perceived as a defect vaiies depending on in which color
pixel of the pixel unit adapted to display color the dark
dot defect occurs. That is, the more the color is
visually perceived, the more degraded the display quality
becomes by the pixel defect.

[0007]

It should be noted that the present inventor has
applied for a patent for a display device having pixels
configured to suppress the impact of a dark dot defect
(Japanege Patent Application No. 2007-307861).

{0008}

Embodiments of the present invention propose a
pixel circuit configuration that can more effectively
suppress the impact of a dark dot defect on the screen
display when the dark dot defect occurs while at the same
time suppressing the increase in pixel area than the above

display device for which a patent has been applisd.
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[0008al

According to the first aspect, there is provided a
display device comprising: a pixel array, the pixel array
including a plurality of regularly arranged pixel units,
each of the pixel units including N consecutive pixels
to each of which one of N (N 2 3} colors including R
(red), G {green) and B (blue) is assigned, wherein
each of the N pixels inciudes a sampling transistor, a
drive trahsistor, a holding capacitor coupled to a light
emission control node of the drive transistor to hold a
data voltage fed via the sampling transistor, and a
light-emitting element commected in series to a drive
current path together with the drive transistor, the
light-emitting element adapted to emit light of a
characteristic color determined for each pixel by itself
according to the held data voltage based on a drive
current controlled by the drive tramsistor, wherein of
the N pixels, a specific color pixel that is susceptible
to a dark dot or that has the highest relative luminosity
factor has more sets of pixel circuit elements including
the drive transistor, hcolding capacitor and ilight-emitting
element than other color pixels and has two or more sets
thereof, wherein the specific color pixel having the
highest relative luminosity factor is the green (G) pixel,
and each of the R (red) and B (blue) pixels has fewer
sets that the green (G) pixel.

[co08b]

According to the second aspect, there is provided a
display device comprising: a pixel array, the pixel array
including a plurality of regularly arranged pixel units, each
of the pixel units including N consecutive pixels to each
of which one of N (N 2 3} colors including R (red), G
{green) and B (blue) is assigned, wherein each of the N

pixels includes a sampling transistor, a drive transistor,
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a helding capacitor coupled tc a light emission control node
of the drive transistor to hcold a data voltage fed via the
gampling transistor, and a light-emitting element connected
in series to a drive current path together with the drive
transistor, the light-emitting element adapted to emit light
of a characteristic color determined for each pixel.by
itself according to the held data voltage based on a drive
current controlled by the drive transistor, wherein of
the N pixels, a specific color pixel that isg susceptible
to a dark dot or that has the highest relative luminosity
factor has more sets of pixel circuit elements including
the drive transistor, holding capacitor and light-emitting
element than other color pixels and hag two or more sets
thereof, wherein if there are the plurality of sets in one
of the pixels, the single sampling transistor ils provided to

be shared amcong the plurality of sets.

[oo08c]

According to the third aspect, there ig provided a
display device comprising: a pixel array, the pixel array
including a plurality of regularly arranged pixel units, each
of the pixel units including N consecutive pixels to each
of which one of N (W 2 3) colors including R (red), G
(green) and B (blue} is assigned, wherein each of the N
pixels includes & sampling transistor, a drive trangistor, a
holding capacitor coupled to a light emission control node
of the drive transistor to hold a data voltage fed via the
sampling transistor, and a light-emitting element connected
in series to a drive current path together with the drive
transistor, the light-emitting element adapted to emit light
of & characteristic coler determined for each pixel by

itself
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according to the held data voltage based on a drive current
controlled by the drive transistor, wherein of the N
rixels, a specific cclor pixel that is susceptible to a
dark dot or that has the highest relative luminosity
factor has more sets of pixel circuit elements including
the drive tramsistor, holding capacitor and light-emitting
element than other color pixels and has two or more sets
thereof, wherein the specific color pixel is larger in
area than the cther color pixels so that the total area of
openings of the light-emitting elements, provided as mamny
as the number of gets in the specific color pixel, is
approximately egual to the opening area per pixel of the

other color pixels.
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[0009]

A display device according to an embodiment of the
pregent invention includes a pixel array. The pixel
array includes a plurality of regularly arranged pixel
units. Each of the pixel units is made up of N
congecutive pixels. One of N (N 2 3) colors including R
{red}, G (green) and B {blue) is assigned to each of the
N pixels.

Each of the N pixels constituting the pixel unit
includes a sampling transistor, drive transistor, hclding
capacitor and light-emitting element.

The holding capacitor is coupled tc a light
emisgion control node of the drive transistor to hold a
data voltage fed via the sampling transistor.

The light-emitting element is connected in series
tc a drive current path together with the drive
transistor. The same element emits light of a
characteristic color determined for each pixel by itself
according to the held data voltage based on the drive
current contreolled by the drive transistor.

On the other hand, of the N pixels, a specific
color pixel that is susceptible to a dark dot or that has
the highest relative luminosity factor has more sets of

pixel circuit elements including the drive transistor,



holding capacitor and light-emitting element than other

color pixels and has two or more sets thereof.

[0010]

In addition, a display device acgording to another
embodiment of the present invention is further configured
so that the light-emitting element has a multi-layered
film structure. The multi-layered film structure is formed
by stacking, on one of an anode and cathode, a plurality
of organic thin films of materials and thicknesses
suitable for emitting light of an intended cclor and the
other of the anode and cathode. The total thickness of the
plurality of organic thin films formed in the specific
color pixel that is susceptible to a dark dot is smaller
than the total film thickness of the other color prixels.

Mcre preferably in the present embodiment, the
smaller the total thickness of the élﬁrality of organic
thin films, the more sets there are in the other cclor
pixels, so long as the other color pixels have fewer sets
of pixel circuit elements than the specific color pixel
foo11l

In addition,



a digplay device according to still another embodiment of
the present invention is further configured so that the
gpecific color pixel having the highest relative
luminogity factor is the green (G} pixel and that each of
the R (red} and B (blue) pixels has fewer sgets that the
green () pixel.

[0012]

In addition, a display device according to still
another embodiment of the present invention is further
configured so that if there are the plurality of sets in
one of the pixels, the gingle sampling trangistor is
provided to be shared among the plurality of sets.

[0013]

In addition, a display device according to still
another embodiment cof the present invention is further
configured so that the drive transistcrs are designed to
have the same channel conductivity type and size, and the
holding capacitors designed to have the same capacitance
in all the sets provided in the N pixels. Moreover, if
the plurality of light-emitting elements are provided in
the same pixel, the drive current paths of the plurality

of light-emitting elements are connected in parallel to a



drive voltage supply terminal for separation between the

light-emitting elements.
[0014]

In addition, a display device according to still
another embodiment of the present invention is further
configured so that the specific color pixel is larger in
area than the other color pixels. 1In order to do so, the
total area of openings of the light-emitting elements,
provided as many as the number of sets in the gpecific
color pixel, is approximately equal Lo the opening area
per pixel of the other color pixels.

More preferably, if the other color pixels differ in
number of sets, the pixelg differ in area so that the
opening area per pixel i approximately the same between
the pixels.

[0015]

According to the above configurations, of the N
pixels making up a pixel unit adapted to display a color, a
specific color pixel has more sets of pixel circuit
elements including the drive transistor, holding capacitor
and light-emitting element than other color pixels and has
two or more sets thereof.

Here, the tferm "specific color pixel® refers to a



pixel that i1s susceptible to a dark dot such as the blue
{B) pixel in which the multi-layered organic thin film of
the light-emitting element is the thinnest of all pixels.
Alternatively, the term "specific color pixel" refers to a
pixel such as the green (G} pixel having the highest
relative lumincsity factor.

[0016]

The action of the digplay device according to
embodiments of the pregent invention will be described by
citing an example for improvement of understandability. We
agsume here that, in a pixel unit including three pixels
(R, G and B} (N = 3), the blue (B) pixel has, for example,
two sets of pixel circuit elements, and that the other
color pixels each have one set thereof.

In this example, one pixel unit has four sets and
four light-emitting elemenis. Assuming that the four
light-emitting elements are identical in opening area, the
probability of each of the same elements developing a dark
dot defect in the event of such a defect iz 1/4 which is
the same for all the light-emitting elements. It should be
noted, however, that the probability of the specific color
pixel (R) developing a dark dot is twice as high as the
cother color pixels on the precondition that the opening

area is the same between the specific

10



508P0309

color pixel (B) and other color pixels (R and G} because
there 1s one more opening in the specific color pixel (B},

As for the colors, on the other hand, if the pizxel
(R ¢r G) other than the specific color pizxel (B) develops
a dark dot defect, this color pixel (R or &) will emit
absolutely no light. However, the specific color pixel
{B} has two light-emitting elements. Therefore, even if
one of the same elements no longer emits light, blue
light continues to be emitted thanks to one additional
light~emitting element although the brightness is halved.
{06017]

On the other hand, when the opening area is the
same betwsen the red, green and blue (R, G and B) pixels,
the prokabllity of developing a dark dot is the same for
all color pixels thanks to two openings provided for the
specific celor pixel (B}. The zrea of each of the
openings of the specific color pixel (B) is half area of
each of the other color (R, G) pixels. Moreover, as
described above, even if one of thes light-smitting
elements of the specific color pixel (B) develeops a dark
dot due, for example, tc dust, the other of the light-
emitting elements emits light, so the worst case of nc
blue light emission can be avoided.

0018}

11



When the specific color pixel has three sets or more,
the more sets there are, the less affected the specific
color pixel is by failure such as dust of one of the light-
emitting elements to emit light. That is, if the specific
color pixel has three gets, the brightness will be 2/3. As
a result, the specific color pixel is less affected by a
dark dot than if the brightness ig i/2. Similarly, if the
specific color pixel has four or more sets, the brightness
will be 3/4, 4/5, 5/6 and so on. As a result, the more
sets there are, the leszg affected the gpecific coler pixel
is by a dark det. It should be noted, however, that an
attempt to provide a number of openings of the light-
emitting elements in the same area leads to a smaller area
of each opening, thus resulting in reduced initially set
brightness (brightness with no dark dots). In general,
therefore, the more sets there are, the greater the color
pixel area with more =zets tends to be.

[0019]

&g described above, the number of sets is generally
determined for each color in consideration of a tradeoff
between increased pixel area and suppression of the impact

of dark dot defect {(extent to which the brightness drops).

Application of embkeodiments of the present invention

under this
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circumstance provides more sets in the sgpecific c¢olor
pixel that is susceptible to a dark dot or that has high
relative luminosity factor rather than providing the same
number of gets, thus easing the tradecoff.

[0020]

Embodiments of the present invention make it
possible to propose a pixel circuit configuration that
can more effectively suppress the impact of dark dot
defect on the screen display while at the same time
suppressing the increage in pixel area by easging the

tradecff.

Brief Description of Drawings
foo21]

Fig. 1 is a diagram illustrating the major
components of an organic EL display device according to an
embodiment of the pregent invention;

Fig. 2 is a basic configuration diagram of a pixel
circuit 1 according to the embodiment of the present
invention;

Fig. 3 is a basic configuration diagram of a pixel
circult 2 according to the embodiment of the present
invéntion;

Fig, 4 is a graph and equation illustrating the

characteristic of an organic light-emitting dicde;
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Fig. 5 is a basic configuration diagram of a pixel
circuit 3 according to the embodiment of the present
invention;

Fig., 6 1s & timing diagram illustrating the
waveforms of varicus signals and voltages during display
control according to the embodiment of the present
invention:;

Fig, 7 is a diagram describing the operation until
sanmpling;

Fig. 8 is a diagram describing the coperation until
a second threshold correction;

Fig. ¢ is a diagram describing the operation until
a third threshoeld correction;

Fig., 10 is a graph illustrating the change in
source potential over time according to the embodiment of
the presenﬁ invention;

Fig. 11 is & diagram describing the operation until
a i1ight emission period;

Fig. 12 is an eguivalent circuit diagram of a pixel
circult according to the embodiment of the present
invention in the event of a short circuit between
electrodes of an crganic light—emitting element;

Fig. 13 is & diagram illustrating pixel @nit

configurations according to the embodiment of the present
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invention;

Fig. 14 is a plan view illustrating examples with
different layouts of pixel circuit elements according to
the embodiment ¢f the present invention;

Fig. 15 is a plan view of a pixel circuit according
to the embodiment of the present invention; and

Fig. 16 is a sectional view of the pixel circuit

accerding to the embodiment of the present invention.

Best Made for Carrying Out the Invention
[oozz]

Embodiments of the present invention will be
described below .with reference to the accompanying
drawings taking, as an example, & case in which the
present invention is applied to an organic EL display
device.

{0023}
<Overall Configuration>

Fig. 1 is a diagram 1llustrating the major
components of an organic EL display device according to
an embodiment of the present invention.

An organic EL display device 1 illustrated in Fig.
1 includes a pixel array 2 and drive circuit. The pixel

array 2 has a plurality of pixel circuits 3 (i,3])
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arranged in & matrizx form. The drive cilrcuit drives the
pixel array 2 and includes a vertical drive circuit (V
scanner) 4 and horizontal drive circuit (B scanner or H.
Scan).

The plurality of V scanners 4 are provided
depending on the configuration of the pixel circuits 3,
Eere, the V scanner 4 includes a horizontal pixel line
drive circuit (DSCN) 41 and write signal scan circuit
(WSCN) 42.

[0024]

Reference symbol 3 {i,3} of the pixel circuits
shown in Fig. 1 denctes that each pixel circult has a
vertical address 1 (i = 1 or 2) and horizontal address 3
{(1 =1, 2 or 3). Each of these addresses 1 and j take on
an integer equal to or greater than 1. The maximum values
of these address i1 and j are “n” and “m,” respectively.
Here, for simplification of the diagram, a case will be
shown in which n = 2 and m = 3.

This address notation is similarly applied to the
elements, signazls, signal linses, voltages and others of
the pixel circulits in the description and drawings which
Iollow.

[0025]

Pixel circuits 3{1,1} and 3{2,1) are connected to a

16
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common vertical first signal line SIG{1). Similarly,
pixel circuits 3(1,2) and 3(2,2)‘are connected to a
commen vertical second signal line SIG({Z). Still
similarly, pixel circuits 3{%,3) and 3(2,3) are connected
to a common vertical third signal line SIG(2).

A first scan signal VSCANLI{l) can be applied tc the
pixel circuits 3(1,1}, 3{1,2) and 3{1,3) in the first row
from the horizontal pixel line drive circuit 41 via a
common scan signal line., Similarly, a first scan signal
VSCANI (2) can be applied to the pixel circults 3(Z,1},
3(2,2y and 2(2,3) in the second row from the horizontal
pixel line drive circuit 41 via a common scan signal line.

.Further, a second scan signal VSCANZ(1l} can be
applied to the pixel circuits 3(1,1), 3{1,2) and 3{L1,3)
in the first row from the write signal scan cilrcuit 42
via other common scan signal line. Similarly, a second
scan signal VSCANZ(2) can be applied to the pixel
circuits 3(2,1), 3(2,2) and 3{2,3) in the second row from
the write signal scan circuit 42 via other common scan
signal line. |
f00Ze]
<Pilxel Circuilt 1>

Fig. 2 illustrates the most basic configuration of

the pixel circuit 3{i,7J) when the drive transistor
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includes a PMOS transistor.

The pixel cilreouit 3{i,3) illustrated in Fig. 2
controls an organic light-emitting diode OLED serving as
a light-emitting element. The'pixal circult includes a
drive transistor Md, sampling transistor Ms and a holding
capacitor Cs, in addition to the organic light-emitting
diode CLED. The drive transistor Md includes a PMOS TET.
The sampling transistor Ms includes an NMOS T¥T.

{00277

Although not specifically illustrated, the organic
light~emitting diode OLED has a layered body with a
second electrode {cathode electrode} formed thereon. The
layered body makes up an crganic film. This layered body
is formed by seguentially depositing, on a substrats made,
for example, of transparent glass or the like, a first
a2lectrode {ancde electrode}, hole transporting layer,
light~emitting layer, electron transporting layer,
electron injecticn layer and other layers.. The anode
electrode is connected to a positive first power source,
and the cathode slectrode to a negative second pover
source. It should be noted that the second power source
may be pesitive, and the first power source negative. In
this case, the anode electrode is connected to the second

power source, and the cathode electrode to the first
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power source.

It should be noted that Fig. 2 illustrates a case
in which the anode of the organic light-emitting diode
OLED is supplied with a high potential Vecc H from the
positive first power scurce, and that the cathode of the
organic light-emitting dicde OLED is connected to z
reference voltage such as ground wvoltage GHND,

[0628]

When a predetermined bias voltage is appliied
between the cathode and anode of the organic light-
emitting diode OLED, the injected electrons and holes
racombine in the light-emitting layer, thus emitting
light. Because the organic light-emitting dicde OLED can
emit any of red (R), green (G} and blue (B} lights by
proper selection of the organic material making up the
organic £ilm, the same dicde OLED is capable of
displaying a color image, for example, i1f the pixels are
arranged in each row in such a manner that R, G and B
lights are able to be emitted. Alternatively, a white
light-emitting organic material may be used, with the
distinction ketween R, G and B made using filter colors.
5till alternatively, four colors, namely, R, G, B and W
{white), may be used instead.

[00z8%]
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The drive transister Md functions as current
control means adapted fo control the amount of current
flowing through the light-emitting eiément {organic
light-emitting dicds OLED}! sc as to determine the display
gray level.

The drive transistor Md has its source connected to
the supply line of the high potential Vec H and its drain
connected te the anode of the organic light-emitting
diode OLED.
oe3a]

The sampling transistor Ms is connected beitween a
supply line (video signal line DTL(3)) of a data
potential Vsig and the gate of the drive transistor Md,
The data potential Vsig determines the pixel gray level.
The same transistor Ms has one of its scurce and drain
connected to the gate of the drive transistor Md and the
other thereof connected to the video signal line DTL{j).
The data potential Vsig is applied to the video signal
line DTL{j} from the H scanner 5. The sampling transistor
Mz samples the data having the level to be displaved by
the pixel circuit at a proper timing during this data
potential application pefiod. This is done to eliminate
the adverse impact of unstable level during the

transition period on the display image at the beginning
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or the last of the date pulse having the desired data
potential Vsig to be sampled,
[0031]

The holding capacitor Cs is connected between the
supply line of the high potential Vecc H and the gate of
the drive transistor Md. The roles of the holding
capacitor Cs will be described later in relation te the
operation.

It should be noted that the components controlled
by the horizontal pixel line drive circuit 41 in Fig. 1
are omitted in Fig. 2. An example of such compeonents may
be, for example, another transistor connected between the
supply line of the high potential Vecc H and the drive
transistor Md in Fig. 2. Alternatively, another example
of such components may be that adapted to repeatsdiy
apply the high potential Vec H for a predetermined time
at constant intervals. BSuch components are provided for
purposes of drive scan. However, they are omitted in Fig.
2 because of many schemes available for drive scan.
00323
<Pixel Circuit 2Z>

Fig. 3 illustrates the most baslc configuration of
the pixzel circuit 3(i,3) when the drive transistor

includes an NMOS transistor.
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The pixel cirecuit 3(i,j) illustrated in Fig. 3 is
similar to that in Fig. 2 except that the drive
transistor Md is of different channel conductivity type
from the one shown in Fig. 2. Using an NMOS transistocr as
the drive transistor Md cffers two advantages. Firstly, a
large drive current can be used per unit size. Secondly,
N-channel transistors can be used for all the transistors
in the pixel circuit, thus providing a simpler
manufacturing process.

(00333

It should be noted that all transistors in the
pixel circuits 1 and 2 are formed by T¥FTs. The thin film
semiconductoer laver used to form the TFTs is made of a
semiconductor material such as polysilicon or amorphous
silicon and the like. Polysilicen TFTs can have & high
mobility but vary significantly in their characteristics,
which makes these TFTs unfit for achieving a larger
screen size of the display device. Therefore, amorphous
TFTs are generally used in a display device having a
large screen. It should be noted, however, that P-channel
TFTs are difficult to form with amorphous silicon TFTs.

As a result, the pixel circuit 2 cor a pixel circuit based
thereon should preferabiy ba used.

[0034]
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Here, the above-described pixel cirecuits 1 and 2
are examples of a pixel circuit applicable to the present
embodiment, i.e., basic examples of a two-transistor (2T)
cne-capacitor (1C) configuration. Therefore, the pixel
circuit which can be used in the present embodiment may
have an additiocnal transistor and/or capacitor in
addition to the pixel circuit 1 or 2 as a basic
configuration. More specifically, the pixel circui:
applicable to the present embodiment may have, for
example, any of 4T-1C, 4T-2C and 5T-1C pixel circuits,
though detalled description is omitted,.

[0035])
<Cutline of Light Emission Control>

The schematic light emission control operation of
the akove two pixel circuits can be briefly described as
- follows.

The holding capacitor Cs is coupled to & control
node NDe of *he drive transistor Md. The signal voltage
Vsig from the signal line 3IG{j) is sampled by the
sampling transistor Ms. The obtained data potential Vsig
is applied to the contrel nodse KNDec,

(00387
Fig. 4 illustrates the I-V characteristic graph of

the organic light-emitting diode OLED and a general
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eguation of a drain current Ids of the drive transistor
Md (corresponds o a drive current Id of the OLED;).

When the predetermined data potential Vsig is
applied to the gate of the drive transistor Md, the E-
channel drive transistor Md in the case of the pixel 1
shownt in Fig. 2 is designed to operate in the saturation
region at all times with its source connected to the
power source. As a result, the P-channel drive transister
Md Functions as a constant current source having a
current level denoted by the eguation shown in Fig. 4.
The drain current Ids supplied by this constant current
source is determined by a gate-to-source voltage.Vgs
whose level i3z commensurate with the data potential
applied to the gate of the P-channel drive transistor Md.
Therefore, the organic light-emitting diode OLED emits
light at the brightness commensurate with the post-
sampliing data potential Vsig.

[(0037]

As is well known, the I~V characteristic of the
organic light-emitting dicde OLED changes as illustrated
in Fig. 4 due to secular change. At this time, the
constant current source attempts to supply the same level
of the drive current Id. This increases a voltage V

applied to the organic light-emitting diode OLED, pushing
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up the drain potential of the P-channel drive transister
Md. However, the gate-tc-source voltage Vgs ¢of the P
channel drive transistor transistor Md remains constant.
Therefore, the constant drive current Id flows through
the corganic light-emitting diode OLED. As a result, the
light emission brightness remains unchanged.

[0638]

in the case of the pixel Z shown in Fig. 3 having
an N-channel transistor as the drive transistor Md, the
same Transistor Md has its source connected to the
organic Zighf—emitting dicde OLED. As a result, the gate-
to-source voltage Vgs changes with change of the organic
light-semitting diéde OLED over time.

This changes the drive current Id flowing through
the organic light-emitting dicde OLED, thus changing the
light emission brightness even 1if the @ata potential Vsig
is at the predetermined level,

Further, a threshold voltage Vth and mobility u of
the drive transistor Md are different from one pixel
circuilt to another. This leads to a variation in the
drain current Ids according to the equation shown in Fig.
4, thus changing the light emission brightness between
differenit pixels even if the supplied data potential Vsig‘

is the same.
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(00391

It should be noted that, in the scguation shown in
Fig. 4, reference symbol Ids represents the current
flowing between the drain and source of the drive
trangiztor Md cperating in the saturation region. Further,
in the drive transistor Md, reference symbol Vth
represents the threshold voltage, u the mobility, W the
effective channel width (effective gate width), and L the
effective channel length (effective gate length)
respectively. Still further, reference symbol Cox
represents the unit gate capacitance of the drive
transistor Md, namely, the sum of the gate oxide film
capacitance per unit area and the fringing capacitance
between the source (or drain;) and gate.

[0o40]

The pixel circuit having the N-channel drive
rransistor Md is advantagecus in that it offers high
driving capability and permits simplification of the
manufacturing process. To suppress the variation in the
threshold voltage Vth and mobility u, however, the
following correction operations are demanded before the
above-described light emission control bperation.

(00411

<Outline of the Cerrections>

26



SGOPOZ09

Although a detailed control description will be
given later, the gate~to-source voltage Vgs of the drive
transistor Md i1s maintained at the level oI the threshold
voltage Vith by the holding capaciter Cs before the
sampling. This preliminary operation is called the
“threshold correction.”

A post-sampling data veltage Vin is added to the
gate of the drive transistor Md after the threshold
correction. Therefore, the gate-lto-source voltage Vgs
changes te “Wth + Vin” and is maintained at this level.
The drive transistor Md turns on according to the
magnitude of the data voliage Vin; If the drive
transistor Md does not esasily turn on because of its
large threshold wvoltage Vth, “Wth + Vin” is also large.
In contrast, if the drive transistor Md easily turns on
because of its small threshold voltage Vth, “Wth + Vin”
is also small. This eliminates the impact of variation in
the threshold vecltage Vth from the drive current, thus
maintaining the drain current Ids (drive current Id)}
constant for the constant data voltage Vin.

100427

Further, a “mobility correction” (driving

capability correction to be precise)} is performed, fox

example, before the data sampling and after the threshold
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voltage correction.

The mebility correction changes the gate potential
further zeccording to the current driving capability of
the drive transistor Md with the voltage “Vth + Vin”
maintained constant. Although not illustrated in Figs. 2
and 3, the drive transistor Md has a path betwsen its
gate and source or drain of the drive transisior Md. This
path charges or discharges the holding capacitor with the
current supplied via the current channel of the drive
transistor Md. The mobility correction is performed by
contrelling whether or not te pass a current through this
path.

Then, the organic light-smitting diode OLED emits
light as it is driven by this constant current.

[0043]
<Pixgl Circuit 3>

Fig, 5 illustrates a modification example of the
pixel circuit 2 which takes into account the above
charging—~discharging path during the mobility correction.

In the pixel circuit shown in Fig. 5, the holding
capacitor Cs is connected between the gate and source of
rhe drive transistor Md rather than between the gate and
drain of the drive transistor Md as illustrated in Fig. 3.

The pixel circuit in Fig. 5 is identical to that in Fig.
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3 in other configuration. It should be noted, however,
that, here, power driving is achieved by driving the
drain voltage of the drive transistor Md between high
level (2.g., high potential Vcc H) and low level (low-
potential Voo L éuch as negative potential} using a power
source drive pulse DS{i) {(nctation of a first scan signal
VSCANI (1) shown in Fig. 1 as a pulse). The same pulse
D5{1i) is supplied from the horizontal pixel line drive
circuit 41. Further, a video signal Ssig {(data ﬁotential
Vsig) is sampled by the sampling transistor Ms using a
write drive pulse WS(L1) (notation of a second scan signal
VSCAN2 (i) shown in Figs. 1 and 3 as a pulse). The same
pulse WS{i) is supplied from the write signal scan
circuit 42.

It should be noted that although the power driving
of the pixel circuit 3 is not limited te that shown in
Fig. 5, we assume, for convenience of concrete
description given later; that the power driving method
shown in ¥Fig. 5 is used.

[0044]
<Detailed Example of the Display Control>

B description will be given of the operation of the

circuit shown in Fig. 5 during the data write opsration

together with the threshold voltage and meobility
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correction operations. This series of operations are
referred to as the “display control.”

Figs. 6(A) to &(F) are timing diagrams illustrating
the waveforms of various signals and voltages during the
display contreol. Here, we assume that data is written on
a row-by-row basis seguentially during the display
coentrol., Therefore, the first row having the pixel
circuits 30%1,3) is the write target row [display row). BAS
a result, the second and third rows having the pizel
circuits 3¢2,3) and 3(3,3) are not the target rows (non-
display rows) at the point in time shown in ?ig. €. Data
is written to the display row through the display control
shown in Fig. 6 which will be described below. Then, the
display row changes to the second row which undergoes the
same display control. The same display control is
repeated on the third, fourth and subsequent rows, thus
allowing & screen teo be displayed. After a screen is
displayed, the display control is repeated the demanded
number of times to display other screens in the sane
manney.

[G045]

Fig. 6(A) is a waveform diagram of the videc signal

Ssig.

Figs. 6(Bl) and 6(B2) are waveform diagrams of a
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write drive pulse WS{l) and power drive pulse DS{l)
supplied to the first row to which data is to be written.
Similarly, Figs. 6(Cl) and 6(CZ) are waveform diagrams of
a write drive pulse WS{2Z) and power drive pulse DS (Z)
supplied te the second row to which data is not to be
wxitten. Figs. 6{DI1) and 6(D2) are waveform diagrams of a
write drive pulse WS(3) and power drive pulse D5{3)
supplied to the third row te which data is not to be
written.

Fig. G(E) is a waveform diagram of the gate
potential of the drive transistor Md (potential of the
contrel node NDc) in the pixel circuit 3(1,3) in the
first row to which data ig to be written.

Fig. €(Fi is a waveform diagram of the scurce
potential of the drive transistor Md {anode potential of
the organic light-emitting diode OLED) in the pizxel
circuit 2{1,3) in the first row to which data is to be
written.

10046]
IDefinitions of the Periods]

As illustrated at the bottom of Fig. 6(F), Fig. &
shows the waveform diagrams over a time span about
glightly more than four times one horizontal periocd (1EH)

of the NTSC video signal standard. In the last horizontal
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period (1H), not only the last or third threshclid
correction {(VTC3) but also the meobility correction and
actual data write [(W&p) are performed continuocusly (main
operation). The thres horizontal periods ({iH) = 3}
preceding the main operation performed in the last
herizontal periocd (LH) are spent on performing the
threshold correction twice in advance so That the
correction prograsses Lo a certain extent. This is done
in consideraticn of the fact to initialization and that
the final threshold correction may be tooc short to
correct the threshold proﬁerly (preliminary operation}.

With the high resolution of the display image
progressing and the display panelrdrive fregquency already
e#tremely high today, the display control as shown in Fig.
6 is unable to complete all operations from the threshold
voltage correctlion to data write within a short one
horizontal periocd (l1H). Therefore, the threshold
correction is performed in several steps because of the
lack of time available for the ﬁhreshold correction. It
should be noted, however, that if one horizontal period
(1B} is enough for the main operaticn as in small- and
medium-sized display panels, one horizontal period (1H]
may be encugh to perform the initialization for the

preliminary operation. Of course, the preliminary
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operation may last for two horizontal periods (2H), ox
more than four horizontal periods (4H).

When the main operation is conducted for a certain
row, the preliminary operation can be performed in
parallel for the next (and subseguent rows). Therefore,
the length of the preliminary operation time haxdly
affects the display pericd as a whole. Rather, the
preliminary operation should preferably be conducted in a
sufficient manner to snsure positive completion of the
threshold voltage correction.

(004717

The above classification is based on a fixed
mezsure, i.e., one horizontal pefiod {1H}. However, it is
also possible to functionally understand the roughly four
herizontal pericds shown in FPig. 6(F).

More specifically, as illustrated at the top of Fig.
(&), a light emission period (LMO} for the screen
preceding by one field {or frame) is followed by the
“preliminary operation.” The preliminary operation
includes a discharge period (D~CHG), initialization
pericd (INT), first threshold correction period [VICL),
first standby period (WAT1), second threshold corzecticn
period (VTC2) and second standby pericd (WATZ}. The

preliminary operation is fellowed by the “main
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operation.” The main.operation includes, in chronological
order, a third threshold correcticon period (VTC3), third
standby periocd (WAT3! and writing and mobility correction
period (W&u). The main operation is followed by a light
emission period (LM1} for the pixel circuits 3(1.,3) in
the first row.

{0048]

[Cutline of the Drive Pulse]

Further, reference symbols TO te TZ1 are shown as
appropriate in the waveform diagrams of Fig. ¢ to denote
different times. Naext, the video signal and drive pulse
will be outlined with reference to these times.

In the case of the write drive pulse WS(1l) supplied
to the first row, four sampling pulses (SP0 to 5?3);
which are inactive at low level and active at high level,
appear in a periodic manner. At this time, these pulses
(SPO *to 8P3) occur at constant intervals throughout the
preliminary operation {(time T0 to time T13) and main
operation (after time T15). It should be noted, however,
that the write drive pulse WS{l) in the main operatiocn
has a waveform in which a write pulse (WP} is added after
the fourth sampling pulse (8P3).

{0049]

On the other hang, the videc signal Ssig is
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supplied to the m {several hundred foc one thousand and
several hundred! video signal lines DTL(j} {refer to Figs.
1 and 5). The same signal Ssig is supplied simultaneously
te the m video signal lines DTL{3) in line sequential
display. BAs illustrated in Fig. 6(A}), the signal
amplitude Vin reflecting the data voltage obitained afrer
the sampling of the video =ignal Ssig corresponds to the
peak value of & video signal pulse (PP} which appears
repeatedly in the second half of one horizontal period
(1) . This peak value is rslative to an offset potential
(Vo) which appears in the first half of one horizontal
period {(1H}. The signal amplitude Vin will bes hereinafter
referred to as the data veltage Vin.

Of the several video signal pulses (PP} shown in
Fig. &6(A), the write pulse WP and the videc signal pulse
{PPx) appearing during the main operation is essential
for the Ffirst row. This pulse coincides in time with the
write pulse {WP). The peak value of the video signal
pulse (PPx} relative to the offset potential (Vo) in the
main operation corresponds to the gray level to be
displayed (written) shown in Fig. &, i.e., the data
voltage Vin., This gray level (= Vin} may be the same for
all pixels in the first row (for monochrome display).

Mormally, however, this level changes according to the
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gray level of the display pixel row. Fig. 6 is intended
primarily to describe the operation of one of the pixels
in the first row., However, the driving of other pixels in
the same row is in itself controlled in parallel with the
driving of the single pixel illustrated in Fig. 6 except
rhat the display gray level may be different between the
pixels.
100507

The power drive pulse DS{l) applied to the drain of
the drive transistor Md {(refer to Flg. 5) is maintained
at inactive low level as illustrated in Fig. 6{B2Z) from
time TO to immediately prior to the beginning (time TE&)
of the first threshold correction period (VICl). The
inactive low level is, for example, the reference voltage
Vee L {&.g9., negative voltage}. Then, the power drive
pulse DS(1) changes to active high level (e.g., high
potential Voo H) almost simultaneously with the beginning
(time T6) of the first threshold correction periocd (VICLl}.
The same pulse DS(1) is maintained at the high potential
Voo H until the end of the light emission period (LM1).
[0051]

As illustrated in Ffigs. 6(Cl), 6{Ccz}, &{Dlj and
6{D2), the pulses are applied £ the pixel circuits

3(2,3) and 3{3,4) in the second and third rows
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respectively with a delay of one horizontal period (1H).

More specifically, the first sampling pulse (8P0) for the
initiaslization period (INT}) is applied to the second row

from time T5 to T7 during which the second sampling pulse
(5§P1) for the first threshold correction periocd (VTC1) is
applied to the first row.

While this pulse is applied, that is, at time T§,
the power drive pulse D3(1; for the first xow changes t£o
high level (high potential Vcc H), which activates this
pulse.

[0052]

Then, the second sampling pulse (8P1l) is applied to
the second row with a delay of cne horizontal period (1H)
from that applied to the first row from time T10 to TiZ
during which the third sampling pulse (8F2) for the
second threshold correction period (VIC2) is applied to
the first row. During the same time period, the first
sampling pulse (8P0) is applied teo the third row with a
delay of two horizontal pericds ({lH} » 2} from that
applied to the first row.

While this pulse is applied, that is, at time Ti1,
the power drive pulse DS{Z} for the second row changes to
high level (high potential Vec H}, which activates this

pulse.
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(00531

Then, the third sampling pulse (SF2) is applied to
the second row with a delay of one horizontal period (1H#)
from that applied te the first row from time T15 to T1Y
during which the fourth sampling pulse (5P3) for the
third threshold correction period (VIC3) is applied to
the first row. During the same time period, the second
saﬁpling pulse {SPLl} is applied to the third row with a
delay of twe horizontal pericds {{1H} x 2) from that
applied to the first row.

While this pulse is applied, that is, at time T16,
the powesr drive pulse DS(3) for the third row changes to
high level (high potential Vcc H), which activates this
pulse.

[0054]

Designing the pulse application timings as
described above makes it possible to perform, in parallel
with the main operation of a given row, the preliminary
operation of other rows whose main operation will be
performed one or more herizontal periods later. &As far as
the main operation is concerned, it is conducted on a
row-by~row basis in a seamless manner. Therefore, there
is no waste of time except for the first several

horizontal periocds,
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Bacause the display screen normally includes
several hundred to one thousand and several hundred rows,
one to several horizontal periods during the display of
one screen is negligibly small. Therefore, there is
substantially no time loss even when the threshold
correction is performed in several steps.
i0055]

A description will be given next of the changes in
poetential of the source and gate of the drive transistor
Md shown in Figs., €({E} and o(F) and the operation
associated with these changes when the pulses are
contrelled as described above. This description will be
given for each of the periods shown in Fig. &{A}.

It should be noted that, here, reference will be
made, as appropriate, to the explanatory diagram of the
preliminary operation of the pixel circuit 2(1,3} in the
first row shown in Figs. 7(A) to 8(B), graph of the
change 1in the source potentlial Vs over time shown in Fig.
10, explanatory diagram of the maln operation of the
pixel circuit 2(1,3) in the first row shown in Figs.
11{a} to 11{(C) and also to other drawings such as Fig. 5.

i00s8

[y

[Light Emission Periced for the Previous Screen {(LMO}}

For the pizxel circuit 3(1,3) in the first row, the
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write drive pulse WS{1l) is at low level as illustrated in
Fig. &(Bl)} during the light emission periocd (LMO) for the
screen precading by one field or one frame earlier than
time TO (hereinafter referred to as the previous screen}.
As a result, the sampling transistor Ms is off. At this
time; on the other hand, the power drive pulse DS(1) is
at the level of the high potential Vecc H as illustrated
in Fig. 6(BZ)}.

[0057]

At this time, as illustrated in Fig. 7{A}, the
organic light-emitting dicde OLED is emitting light
according to a data voltage VinO. The same voltage Vin(
is held after being fed tc the gate of the drive
transistor Md by the data write operation for the
previous screen. The drive transistor Md is designed to
operate in the saturation region. Therefore, the drive
current Id (= Ids} flowing through the organic light-
emitting diode OLED takes on the value calculated by the
eguation shown in Fig. 4 according to the gate-to-sourcse
voltage Vgs of the drive transisﬁor Md held by the
holding capacitor Cs.

[6058]
[Discharge Period {D-CHG)]

The processes adapted to display a new screen by
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line sequential scan begin from time TO0 in Fig. &.

&t time TO, the horizontal pixel line drive circult
41 (refer to Fig. 5) changes the power drive pulse D3({1)
from the high potential Vee H to the reference potential
Veo L as illustrated in Fig. 6(B2). In the drive
transistor Md, the potential of the node which has b@@ﬁ
functioning as the drain until that time is sharply
pullaed down teo the reference potential Veec L. As a result,
the relaticnship in potential bsiween the scurce and
drain is reversed. Therefore, the node which has been
functioning as the drain serves as the socurce, and the
node which has been functioning as the source as the
drain to discharge the charge from the drain {(however,
reference symbol Vs remaing unchanged as the source |
potential}.

Therefore, the drain current Ids flows in reverse
direction until now through the drive transistor Md as
illustrated in Fig. 7{B}.

The pericd of time during which the current flows
in reverse direction through the same transistor Md is
written as the discharge pericd (D-CHG) in Fig. 6.
[0059]

When the discharge period {D-CHG) begins, the

source potential Vs [(drain potential in the practiceal
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operation) of the drive transistor Md discharges sharply
from time T0 as illustrated in Fig. 6{F), causing the
same potential Vs to decline close to the low potential
Vee L.

At this time, if the low potential Veo I is smaller
than the sum of a threshocld voltage Vth oled. and a
cathode potential Vcath of the organic light-emitting
dicde OLED, i.e., Voo L < Vth oled. + Veath, then the
same diode OLED will stop emitting light.

It should be noted that the potential of the video
signal 8sig is pulled down from the data potential Vsig
to the data reference potential Vo pricr to the end {(time
71} of the discharge period (D~CHG), as illustrated in
Fig. 6(R).

[0C60]

At time T0, the sampling transistor Ms is off as
illustrated in Fig. 7(B}, causing the contrcl node NDc to
float. As a result, the gate voltage Vg of the drive

transistor Mg declines from time T0 as illustrated in Fig.

(00611
{Initizlization Period (INT)]
Next, the write signal scan circult 42 (refer to

Fig. 5} changes the write drive pulse WS(1l) from low to
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high level at time Tl as illiustrated in Fig. 6(81}, thus
supplying the first sampling pulse (8P0) to the gate of
the sampling transistor Ms,

At time T1, the discharge period (D-CHEG) ends,

initiating the initialization pericd (INT).

In response to the application of the sampling
pulse (SP0) at time T1, the sampling fransistor Ms turns
on as illustrated in Fig. 7{C). As described earlier, the
petential of the video signal Ssig is changed to the data
refarence potential Vo by time T1l. Therefore, the
sampling transistor Ms samples the data reference
potential Vo of the video signal Ssig and transfers the
data reference potential Vo to the gate of the drive
transistor Md.

This sampling operation causes the gate voltage Vg
of the drive transistor Md, which declined from time TO,
to converge to the data reference potential Vo, as
illustrated 1n Fig. &(E}.

[0063]

The sampling pulse (SPC) shown in Filg. &€(Bl) begins
from time Tl and ends at time T2 when a sufficient time
has elapsed for the convergence of the potential, thus

turning off the sampling transisior Ms., As a result, the
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gate of the drive transistor Md floats until time T5 when
the sampling transistor Ms turns on the next time.

The sampling transistor Ms is controlled to turn on
again at time TS5 almost at the same time as the end of
the first horizontal peried (1H). Further, the same
transistor Ms turns on again so that the video signal
pulse (FPP) in the first horirontal period (1H)  -fits into
the period of time from T2 to T5 (refer to Figs. 6(A) and
6({B1)).

(00641

If this is viewed from the standpoint of the
sampling pulse (5P0), the duration of tﬁe same pulse
{(5P0) {time T1 to T2} adapted to raise the write drive
pulse WS(1) to high level is in the first half of the
horizontal period {1H) and falls within the period of
time {time TO to T3) during which the video signal Ssig
is at the data reference potential Vo.

Then, at time T2, the sampling transistor Ms is
turned off. With the sampling transistor Ms turned off,
there is a wait until time T4 when the variation in
potential of the video signal line DTL{}) by the video
signal pulse (PP} ends. Then, at time TS, the second
sampling pulse (SPl) is activated to sample the data

reference potential Vo again.

fi=n
f1=4
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Thisz control prevents the data potential Vsig of
the video signal Ssig to be erroneously sampled at time
T8 when the second sampling pulse {3Pl) is activated.

Tt should be nofed that, as illustrated in Fig.
¢(E}, the gate voltage Vg 1ls already at the data
reference'potential Vo when the second sampling begins at
time T5. In general, therefore, the gate vecltage Vg
barely changes although the second sanpling may make up
for an extremely small loss caused, for example, by leak
current.

[oGs5s]

Going slightly back to the description made on the
time axis, the sampling transistor Ms turns on at time T
as a result of the application of the first sampling
pulse (SP0). When the gate voltage Vg of the drive
transistor Md converges to the data reference potential
.Vo as illustrated in Fig. 6(E), in conjunction with this,
the voltage held by the holding capaciter Cs declines to
“Vo —.Vcc_L” (Fig. €(F)}. This decline is caused by the
fact that the discharge shown in Fig. 7(B) has pushed the
source potential Vs down to the low potential Veo L and
that the veltage held by the holding capaciter Cs is
restricted by the gate voltage Vg relative to the low

potential Vece L. That is, as the gate voltage Vg drops to
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the data reference potential Vo, in conjunction with this,
the voltage héld by the holding capacitor Cs also drops
and converges to “Wo - Vcc L” as shown in Fig. 7(C}. It
should be noted that this held voltage “Wo - Vecc L7 is
none other than thes gate-to-source voltage Vgs. Unless

the same voltage Vgs is greater than the threshold

voltage Vth of the drive transistcr Md, the threshold
voltage correction operation cannot be performed later.

As a result, the potential relationship is established so
that “Vo - Vec L > Vih.”

As described above, the preparations for the
threshold correction operation are completed by
initializing the gate veltage Vg and source potential Vs
of the drive ftransistor Md.

[0asé]
[First Threshold Correction Period ({VTICLl)]}

The sampling transistor Ms begins to sample the Vo
the second time at time T5. Then, when the power drive
pulse DS{1) rises from the VSS level to the VDD level at
time T6 as shown in ¥Fig. 6(B2), the initialization period
{INT} ends, initiating the first threshold correction
period (VTCL}.

[00e67]

The sampling transistor Ms which is on is sampling
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the data reference potential Vo immediately prior to time
Ta, the beginning of the first threshold correction
pericd (VICL). Therefore, the gate voltage Vg of the
drive transistor Md is electrically fixed at the constant
data reference poiential Vo.

In this condition, the horizontal pixel line drive
circuit 41 {(refer to Fig. 5) ralses the power drive pulse
DS{1)y from low level (= V3S] to high lavel (= VDD) at
time T6 as illustrated in Fig. &{BZ}. From time T6é onward,
the horizontal pixel line drive circuit 41 maintains the
potential of the power supply line to the drive
transistor Md at the high potential Vec H until the
heginning of the processes for the next frame (or field).
[0068]

As the power drive pulse DS{l) rises, the “WDD -
VSS8” voltage is applied between the scurce and drain of
the drive transistor Md. This causes the drain current
Ids to f£low through the drive transistor Md from the
power supply.

The drain current Ids charges the source of the
drive transistor Md, thus pushing up the source potential
Vs as illustrated in Fig. 6(F). As a result, the gate-to-
source voltage Vgs (voltage held by the holding capacitor

Cz) of the drive transistor Md which has taken on the
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value “Vo -~ Voo L7 up until that time declines gradually
{Figs. €{E) and &6(F)}.
[0068]

At this time, the source of the drive transistor Md
is not charged very gquickly by the drain current Ids. The
reasons for this will be given below with reference to
Fig. 8(A}.

As illustrated in Filg, 8{A), a gate bias voltage
applied to the gate voltage Vg of the drive transistor Md
ig not very large because this veltage is restricted by
the data reference potential Vo. Therefore, ithe drive
transistor Md is only slightly on, that is, is on with
only limited driving capability {first reason).

Further, although the drain current Ids flows into
the holding capacitor Cs, the same drain current Ids is
also consumed to charge a capacitance Coled. of the
organic light-emitting diode OLED. As a result, the
spurce potential Vs does not readily increase {second
reason} .

till further, the sampling pulse (3P1) must be
terminated at time T7 which i1s before time T8 when the
video signal Ssig changes to the deta potential Vsig the
next time {refer to Fig. 6(Bl}}. Therefore, the charging

time of the scurce potential Vg is not sufficient {third
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reason) .,
[CO7C]

Assuming that the second sampling pulse {SPl) shown
in Fig. 6(B1l) can last for a sufficiently long time
beyond time T7, the source potential Vs of the drive
transistor Md (anode potential of the organic light-
emitting diode COLED) begins to increase from time T6 and
continues to do so over time and eventually converges to
“Vo - Vth” (curve CV shown by a dashed line in Flg. 10}.
That is, the source potential Vs should step increasing
when the gate-to-source voltage Vgs {voltage held by the
holding capacitor Cs) exactly matches the threshold
voltage Vth of the drive transistonr Md.

[0071]
[First Standby Period {WATL)]

Practically, however, time T7 comes before the
convargence point_is reached. This terminstes ths
duraticn of the sampling pulse (SP1), thus terminating
the first threshold correction perioed (VICL) and
initiating the first standby period [WATI).

More specifically, when the gate-to-source veltage
Vgs of the drive transistor Md becomss egual to Vzl (>
Vth), that is, when the source potential Vs of the same

transistor Md rises to “Wo - Vxl” from the low potential
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Vee L (at time T7), the first threshold correction period
{VTCl} ends as shown in Fig. 10. At this time {time T7},
the wvoltage Vzl is held by the holding capacitor Cs.
[0072]

When the first threshold correction periocd {(VICL)
ends, the sampling transistor Ms turns off. This places
the gate of the drive transister Md, which has been
elactrically fixed at the data reference potential Vo, in
an electrical floating state,

Trom time T7 onward, therefore, as the source
potential Vs rises, the potential of the gate {Vg) in a
floating state capacitively coﬁpléd to the source will
also rise (Figs. 6(E) and 6{F)). As a result, in the
present example, the source peotential Vs becomes larger
than the target convergence point “Wo - Vth” (refer to
Fig. 10) at the end (time T10} of the first standby
period (WATL). On the other hand, the gate-to-source
voltage Vgs remains unchanged as illustrated in Figs.
6(E) and 6(F}.
i16073]

As in the initlalization period {INT) described
earlier, it is necessary to wait for the video signal
pulse (PP} to elapse in the fizst staﬁdby pariod (WATL:.

Therefore, this period is called the “standby period” in
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this respect. However, a relatively long standby period
28 that lasting from time T7 to T10 permits the gate
voltage Vg to increase. Further, the gate-to-source
voltage Vgs does not converge to the threshold voltage
Vth as described above.

In Flg. &5{E}, the incremesni of the gate voltage Vg
during the first standby period (WAT1) is denoted by
refersnce symbol Val. Letting the increment of the source
potential Vs centributing to the increase in the gate
voltage Vg through bootstrapping action via the coupling
capacitance (holdiﬁg capacitor Cs) be also denoted by
reference symbol Val, the source potential Vs becomes
egual to “Wo -~ Vxi + Val” at the end (time T10) of the
first standby period (WAT1) (refer to Fig. B(Bj).

Therefore, it is necessary to briﬁg the gate
potential back to the data reference potential Vo, il.e.,
the initialization level, and perform the threshold
veltage coyrection again.

(00741
[Second Threshold Correction Period (VTCZ)]

In the operation example of the present embodiment,
therefore, the same processes as those performed during
the first thresheld correction period (VICLl) and first

standby period (WAT1) of the previous horizontal pericd
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(1H) {time T5 to 710} are performed during the next
korizontal period {1H) (time T10 to T15}. That is, the
second threshold correction périod,{VTC2} and second
standby period (WATZ2} are performed in the next
horizontal period {IH).

However, the gate-to-source voltage Vgs (holding
voltage held by the holding capacitor Cs) reducss to
“Wxi” at time T10 when the second threshold correction
pericd (VICZ) begins. This “Vx1” is smaller than “Vo -
Vee LY which is a relatively large value agsumed by the
gate-to~source voltage Vgs (veltage held by the holding
capacltor Cs} at time TH when the first threshold
correction periocd (VICl) begins.

{0075)]

When the sampling transistor Ms turns on at time
T10 as the sampling pulse {SPE) rises as illustrated in
Fig. 6{B1}, the gate voltage Vg {= Vo + Val) of the drive
transistor Md is connected to the video signél iine
DTL (%) at a lower potential (Vo). This causes a current
corresponding to this difference (Val) to flew from the
gate of the drive transistor Md to the videco signal line
3}, forcing the gate voltage Vg down to the data
reference poitential Vo as illustrated in Fig. 8({}.

The wvariation in potential (Val) of the gate of the
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drive transistor Md is fed to the socurce of the same
transistor Md wia the holding capacitor Cs and a gate-to-
source parasitic capacitance Cgs of the same transistor
Md, thus pulling down the scurce potential Vs.

The decrement of the source potential Vs at this
time is dencted bj reference symbol “g*Val.” Here, the
capacitive coupling ratio g is expressed as g = (Cgs +
Cs}/{Cgs + Cs + Coled.)} where (gs represents the gate-to-
source parasitic capacitance, (Cs) the same reference
symbol as the holding capacitcr Cs and represents the
capacitance thereof, and Coled. represents the
capacitance of the organic light—-emitting diode OLED.
Therefore, the source potential Va drops by “gFval” o
“o - Vxl + (1 ~ g)Val” from its immediately previous
ilevel or “Wo - Vxl + {1 - g)val.”

The capacitive coupling ratio gy takes on a value
gsmaller than 1, as is clear from the definition eguation.
Therefore, the change “g*Val” of the source potential Vs
is smaller than the change (Val) of the gate voltage Vg.
[oc76]

Here, if the gate-to-source voltage Vgs (= "Vx1 ~{1

~ g)Val”) of the drive transistor Md is greater than the
threshold voltage Vth of the same transistor Md, the

drain current Ids flows as illustrated in Fig. B(I). The
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drain current Ids attempts to flow until the drive
transistor Md goes into cutoff as a resuit of the source
potential Vs of the drive transistor Md becoming agual to
“Wao - Vih.” In the operation example of the present
embodiment, however, the sampling pulse {(8P2) ends at
time T12 when the gate-to-source voltage Vgs becomes
equal to “Vx27 (where VxZ2 is large enough to satisfy the
condition Vx1 > ¥x2Z » Vth), as illustrated in Figs. &6 (E)
and 6{F). As a result, the sampling transistor HMs turns
off. The voltage held by the holding capacitor Cs at
time T12 is “vxZ.”

(00771}

ISecond Standby Period (WATZ)]

The second standby period (WATZ2) begins from time

3
P_\
e

During the second standby period (WATZ), the
sampling transistor Ms is off, causing the gate voltage
Vg to electrically flecat, as during the previous first
standby period (WAT1). As a result, as the source
potential Vs rises, the gate voltage Vg will alsoc rise
(zefep to Fig. S{A}}.

 However, the effect of the increase in potential of
the gate voltage Vg (bootstrapping effect) is not very

large because the gate-to-source voltage Vgs at the
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beginning of the standby pericd is close to the control
target “VWth.” As can be seen from time T1Z to T15 in Figs.
6{E) and &(F), bdth the source potential Vs and gate
voltage Vg increase only slightly.

[0078]

More specifically, letting the increment of the
source potential Vs resulting from the flow of the drain
current Idé during the second standby period (WATZ2) in
fig. 9(A) be dencted by reference symbol Va2, the source
potential Vs becomes equal to “Vo =~ Vx2 + Va2” at the end
of the standby periocd {time T15 in Fig. %}. This increase
in the source potential by “Va2” is transferred to the
gate in a floating state via the gate-to-source parasitic
capacitance Cgs and helding capacitor Cs. As a result,
the gate voltage Vg will alsc increase by the same
increment or the potential Va2. It should be noted,
however, that the increment “Va2” of the potential of the
gate voltage Vg is far smaller than the increment “Val”
of the potential thereof during the first standby period
(WAT1Y as illustrated in ¥ig. 6(E).

[u078]
IThird Thresheld Correction Peried (VIC3)]
The “main operation” begiﬁs from time TL15,

initiating the third threshold correction period (VIC3}.
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The same processes as those performed during the
second threshold correction pericd (VTC2) are performed
during time T15 to T17 the third threshold correction
period {VIC3).

However, the gate-to-source voltage Vgs (voltags
held by the holding capacitor Cs) reduces to “Vx27 at
time T15 when:the third threshcld correction pericd
{(VIC2) begins. This “Vx2Z” is even smailer than “Wxi7
which is a relatively large value zssumed by the gate~to-
source voltage Vgs (voltage held by the holding capaciter
Cs) at time 710 when the seconﬁ threshold correction
period (VTCZ2) begins.

The description of the basic operation will be
omitted to avoid redundancy. The description of the
second threshold correction period (VICZ2) is applicable
te the third threshold correction periocd (VTIC3) by
replacing “Val” with “Wa2” and “Vx1” with Vz2.” This is
also obvious Ffrom the comparison between Fig. 8({) and
Fig. 9{RB}.

[0080]1

It should be noted that the third threshold
correction pericd (VIC3) differs from the second one
{(VTC2} in that the gate-to-socurce voliage Vgs [(volitage

held by the holding capacitor Cs) becomes sqgual to the
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threshold voltage Vith by time T17 when the third
threshold correction period (VIL3) ends, as illustrated
in Figs. 6{E} and 6(F). Therefore, the drive transistor
Md goes into cutoff when the gate-to-scurce voltage Vgs
becomes squal to the threshold veoltage Vth. From this
moment cnward, the drain current Ids will not flow. AT
this time, the source potential Vs of the drive
transistor Md is “Wo - Vth.”

{60811

As described above, the thrashold voltage
correction performed a plurality of times (three times in
the present example) with a standby periocd provided
therebetween permits the voltage held by the holding
capacitor Cs to converge in a stepped manner. In the
course of the convergence, the held woltage remains
congtant during the standby pericds and eventually
converges to the threshold voltage Vth.

Here, assuming that the gate-to-source voltage of
the drive transistor increases by “Vin,” then the same
voltage is equal to “Vin + Vth.” We consider two drive
transistors, one having the large threshold voltags Vth
and ancther having the small threshold wvoltage Vth.

The former with the large threshold voltage ﬁth has

the large gate-to-source voltage commensurate with the
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large threshold voltage Vth. In contrast, the latter with
the small threshecid veoltage Vth has the small gate-to-
scurce voltage commensurate with the small threshold
voltage Vih., Therefore, as far as the threshold veltage
Vth 1s concerned, it is possible to pass the same amouﬁt
of the drain current Ids through the drive transistor for
the same data potential Vin by canceling the variation in
the threshold voltage Vith using the threshold voltage
correction operation.

(o082}

During the three threshold correction periods,
namely, the first, second and thirxd threshold correction
periods {VTCLl}, {VTCQ) and (VIC3), it is necessary to
ensure that the drain current Ids is wholly consumed for
it to flow inte one of the electrodes of the helding
capacitor Cs, i.e., one of the electrodes of the
capacitance Coled. of the organic light-emitting diode
OLED, so that the same diode COLED deoes not turn on. If
the anode voltage of the same dicde OLED is denoted by
reference symbol Voled., the threshold voltage thereol by
reference symbol Vth oled., and the cathode voltage
thereof by reference symbol Vecath, the egquation “Woled. £
Veath + Vih _oled.” must always hold in order for the same

diode OLED to remain off.
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Assuming hers that the cathode potential Vecath of
the organic light-emitting dicde OLED is constant at the
low potential Vec L (e.g., ground voltage GND), the above
equation can hold at all times if the threshold voltags
Vith oled. is extremely large. However, the threshold
voltage Vth oled. is determined by the manufacturing
conditions of the organic light-emitting diode QOLED,
Further, the same voltage Vth cled. cannot be increased
excessively to achieve efficient light emission at low
voltage. Therefore, the organic light-emitting diode CLED
should preferably be reverse-biased by setting the
cathode pot@ntiai Veath larger than the low potential
Vee L until the three threshold correction periods and
the mobility correction period, which will be described
below, ends.

[00831
[Third_Standby Period {WBT3)}

A descriptiocn has been given above of the threshold
voltage correction. In the present operation example, the
threshold voltage correction is followed by & standby
period for the writing and mobility correction (third
standby period (WAT3)). Unlike the first and second
standby periods (WAT1} and (WATZ), the third standby

period (WAT3) is a short period of stand by time designed
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simply to prevent the errcneocus sampling of the video
signal Ssig at an unsiable potentisl during the writing
and mobility correctioﬁ performed thereafter.

(00841

As illustrated in Fig. 6{(Bl), the third standby
period (WAT3) begins at time T17 when the sampling pulse
{5P3) changes from high to low level.

In the third standby period (WAT3)}, the videc
signal pulse (PPx) having the data potential Vsig to be
displayed by the pixel circuit 3{1,3} as illustrated in
Fig. 4{(A) is supplied to the video signal line DTL(jf as
the video signal Ssig at time T18B during this period
(refer to Fig. 11(A}}. In the video signal Ssig, the
difference between the data potential Vsig and dats
reference potential Vo corresponds to the data voltage
Yin for the gray level to be displaved by the pixel
circuit. That is, the data potential Vsig is egual to “Wo
+ Vin.”

The third standby pefiod {WAT3} ends at time TIL9
when the video signal Ssig i1s constant at the data
pectential Vsig following the change in potential at time
18.

[oogs]

[Writing and Mobility Correction Period (Wepj]
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The writing and mobility.correction period (Wau)
beging from time TL1Z,

As illustrated in Fig. 6{Bl), the write pulse (WP}
is supplied to the gate of the sampling transistor Ms at
time T19 during the application of the video signal pulse
{PPx) for the main operation. This turns on the sampling
transistor Ms, causing the difference between the data
potential Vsig {= Vo + Vin) of the video =zignal line
DTL{j} and the gate voltage Vg (= Vo), i.e., the data
voltage Vin, to be fed to the gate of the drive
transistor Md, as iliustrated in Fig. 11(B}. A&As a result,
the gate voltage Vg.is egqual fto “Wo + Vin.”

As the gate voltage Vg rises by the data voltage
Vin, the scurce voltage Vs will also rise. At this time,
the data veltage Vin is not transferred “as-is” to the
source potential VYs. Instead, the source potential Vs
will rise only by the change of the data voltage Vin
proportional to the capacitive coupling ratio g, 1.e.,
“g*Vin.” Thereiore, the source potential Vs after the
change is equal to “Wo ~ Vih + g*Vin,” 2As a result, the
gate-to~source voltage Vgs of the drive transistor Md is
equal to “{1L - g)Vin + Vth.”

[0086]

Here, a description will be given of the variation
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due to the mobility n.

In the three threshold voltage corrections
performed up to this point, the drain current Ids
contains, in fact, an error resulting from the mobility
each time the drain current Ids flows. However, the error
caused by the mobility p was not discussed {(definitely)
in a strict manner as problematic because the variation
in the threshecld voltage Vth was large. &%t this time, the
description was given by writing the veoltages simply as
“Wal” and “Wal” to represent the results rather than
using the capacitive coupling ratic ¢g. This was done to
avold complication assoclated with describing the
variation in the mobility.

ks already explained, on the other hand, the
threshoeld voltage Vth is held by the holding capacitor Cs
after a threshold voltags correction performed in a
strict manmer, If the drive transistor Md is turned on
thereafter, the drain current Ids will remain unchanged
irrespective of the magnitude of the threshold voltage
Vth. Therefcore, assuming that the voltage held by the
holding capacitor CTs {gate-to-source voltage Vgs) changes
due to the drive current Id at the time of the conduction
of the drive transistor Md after the threshecld voltage

correction, this amount of change AV (positive or
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negative} reflects notv only the variation in the moebllity
p of the drive transistor Md, and more precisely, the
mohility which, in a strict sense, 1is a physical
parameter of the semiconductor material, but also the
comprehensive variation in those factors affecting the
current driving capability in terms of tranéistor
structure or manufacturing process.

[co87]

Going back to the description of the operation in
consideration of the above, when the data wvoltage Vin is
added to the gate potential Vglafter the sampling
transistor Ms has turned on in Fig. 11(B), the drive
transistor Md attempts to pass the drain current Ids,
commansurate in magnitude with the data voltage Vin (gray
lavel}, between the drain and source. At this time, the
drain current Ids varies according to the meobkillity p. As
a result, the source potential Vs is given by “VWo - Vth +
g*Vin + AV,” which is the sum of “Wo -~ Vth + g*Vin” and
the amount of change AV resulting from the mebility n.
[ogge]

At this time, in order for the organic light-
emitting diode QLED not to emit light, it is only
necessary to set the cathode potential Vecath in advance

according, for example, tco the dats voltage Vin and
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capacitive coupling ratio g so that the equation Vs(= Vo
~ Vth + g*Vin + AV) < Vth _oled. + Vecath is satisfied.

Setting the cathode potentiai.Vcath in advance as
described above reverse-blases the organic light-emitting
diode OLED, bringing the same dliode OLED into a high
impedance state. As a result, the organic light-emitfing
diode OLED does not emit light and exhibits a simple
capacitive characteristic rather than a dicde
characteristic.

&t this time, so long as the above equation is
satisfied, the source potential Vs will not exceed the
sum of the threshcld voltage Vth_oled. and cathode
potential Veath of the organic light-emitting diode OLED.
Therefore, the drain current Ids (drive current Id) 1is
used to charge a combined capacitance C = Cs + Coled. +
Cgs which is the sum of three capacitance values. These
are the capacitance of the holding capacitor Cs {denoted
by the same reference symbol Cs}, that of the eguivalent
capacitance of the organic light-emitiing diode OLED
(denoted by the same reference symbol Coled. as the
parasitic capacitance) when the same diode OLED is
reverse~pbiased and that of a parasitic capacitance
{denoted by Cgs) existing betwean the gate and source of

the drive transistor Md. This causes the source potential
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Vs of the drive transistor Md to rise. At this time, the
threshold voltage correcltion operation of the d:ive
trangistor Md 1is already cémplet@. Therefore, the draln
current Ids flowing through the same transistor Md
reflects the mobility p.

[0089]

As shown in the eguation (i - g)Vin + Vth - AV in
Figs. 6{(E) and 6(F), as far as the gate-to~source volitage
Vgs held by the holding capacitor Cs 1ls concerned, the
change AV added to the source potential Vs is subtracted
from the gate~to-source voltage Vgs (= {1 - g}Vin + Vth)
after the threshold voltage correction. Therefore, the
change AV 1s held by the holding capacitor Cs so that a
negative feedback is applied. As a result, the change AV
will alszo be hereinafter referred to as a “negative
feedback amount.”

The negative feedback amount AV can be expressed by
the equation AV = £*Ids/{[Coled. + Cs + Cgs) when the
organic light-emlitting diode OLED is reverse-biased. It
is elear from this equation that the change AV is a
paramater which changes in proportion to the change of
the drain current Ids.

From the equation of the feedback amcunt 4V, the

same amount AV added to the source potential Vs is
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dependent upon the magnitude of the drain current Ids
{this magnitude has a positive correlation with the
magnitude of the data voltage Vin, i.e., the gray level)
aﬁd the period of time during which the dréin current Ids
Elows, i.e.,.time (£} from time T19 to time T20 demanded
for the mobility correction shown 1in Fig. 6{(Bl}. That is,
the larger the gray level and the longer the time (L),
the larger the negative feedback amount AV.

Therefore, the mobility correction time () need
not always be constant. Rather, i1t may be mors
appropriate to adjust the mobility correction time (i)
according to the drain current Ids (gray level). For
example, when the gray level i1s almost white with the
drain current Ids being large, the mobllity correction
time (t} should be short. In contrast, when the gray
level is almost black with the drain current Ids being
small, the meobility correction time (t) should be long.
This autcmatic adjustment of the moebility correction time
according to the gray level can be implemented by
providing this functilonality, for example, in the write
signal scan circuit 42 in advance,.

[0090]
[Light Emissicn Periocd (LM1}]

The writing and mobility correction period (W&u)
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ends at time T20, initiating the light emission period
(LM1}.

The write pulse (WP) ends at time T20, turning off
the sampling transistor Ms and causing the gate of the
drive transistor Md to electrically float.

[oogL;

Incidentally, in the writing and mobility
correction period (W&p) prior to the light emission
period (1M1}, the drive transistor Md may not always be
able to pass the drain durrent Ids commensurate with the
data voltage Vin despite its attempt to do so. The reason
for this is as follows. That is, the gate voltage Vg of
the drive transistor Md is fized at Vo + Vin i1f the
current level (Id) flowing through the organic light-
emitting diode OLED is considerably smaller than that
(Ids) flowing through the drive transistor Md because the
sampling transistor Ms is on. The source potential Vs
attempts to converge to the potential (Vofs + Vin - Vth)
which is lower by the threshold voltage Vth from Vofs +
Vin. Therefore, no matter how long the mobility
correction time [(t) is extendsd, the source potential Vs
will not exceed the above convergence point. The mobility
should be corrscted by monitoring the difference in the

mobility i based on the difference in time demanded for
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the convergence. Therefore, even if the data voltage Vin
close to white that has the maximum brightness is
supplied, the end point of the mobility correction time
(t} is determined before the convergence is achieved,
[ooe2]

When the gate of the drive transistor Md floats
after the light emission period (iM1l) has begun, the
source potential Vs of the same transistor Md is allowed
to rise further. Therefore, the drive transistor Md acts
t¢ pass the drive current Id commensurate with the
supplied data voltage Vin.

This causes the source potential Vs ({anode
potential of the organic light-emitting diode OLED) to
rise. After a while, the ocrganic light-emitting diode
OLED is no leonger reverse-biased. As a result, the drain
current Ids begins to flow through the same diode OLED as
the drive current Id as illustrated in Fig. 11{C),
causing the same diode OLED to emit iight. BShortly after
the light emission begins, the drive transistor Md is
saturated with the drain current Ids commensurate with
the supplied data voltage Vin. When the same current Ids
(= Id) is brought to a constant level, the organic light-
emitting diode OLED will emit light at the brightness

commensurate with the data voltage Vin.
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[0083]

The increase in the anode potential of the organic
light~emitting diode CLED taking place from the beginning
of the light emission period (LM1) to when the brighthess
is brought to a constant level is none other than the
increass in the source potential Vs of the drive
transistor Md., This increase in the source potential Vs
will be denoted by reference symbol AVoled. to represent
the increment of the anode voltage Voled. of the organic
iight-emitting diode OLED. The source potential Vs of the
drive transistor Md becomes egual to “Wo ~ Vth + g*Vin +
AV 4+ AvVoled.” (refer to Fig. &{F)}.

On the other hand, the gate potential Vg increases
by the increment AVoled. as does the source potentiazl Va
as illustrated in Fig. 6{E} because the gate is floating.
As the drain current Ids saturates, the source potential
Vs will also saturate, causing the gate potential Vg to
saturate.

As a result,‘the gate-to-scurce voltage Vgs
{voltage held by the holding capacitor Cs) is maintained
at the level during the mebility correction (“{1 - g) Vin
+ Vth -~ AVY} throughout the light emission period (LMI}.
[0094]

During the light emission peried (IMl), the drive

(431
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transistor Md functions as & constant current source. As
a resuli, the I-V characteristic of the organic light-
enitting diode OLED may change over time, changing the
source potential Vs of the drive transistor Md.

However, the voltage held by the holding capacitor
Cg is maintained at “{1 - g)Vin + Vth - AV,” irrespective
of whether the I-V characteristic of the organic light-
emitting diode CQLED changes over time. The volfage held
by the holding capacitor Cs contains two components, (+
Vth) adapted to correct the threshold voltage Vih of the
drive transistor Md and (- 4AV) adapted to correct the
variation due to the mobility p. Therefore, even if there
is & variation in the threshold voltage Vth or mcbility
between different pixels, the drain current Ids of the
drive transistor Md, i.e., the drive current Id of the
organic light-emitting dicde OLED, will r@m&in constant.
{0095]

More specifically, the larger the "thresheld voltage
vth, the more the drive transistor Md reduces the source
potential Vs using the threshold voltage coxrection
component (+ Vth} contained in the held voltage, thus
increasing the scurce-to-drain veltage so that the drain
currant Ids {drive current Id) flows in a larger amount.

Therefore, the drain current Ids remains constant even in
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the event of a change in the threshold veltage Vth.

Cnn the cother hand, if the change AV is small
because of the small mobility u, the voltage held by the
holding capacitor Cs will decline only to a small extent
thanks to the mebility correction component {~ AV}
contained thersin. This provides a relatively large
source-to-drain voltage. As & result, the drive
transistor Md operates in such a manner as to pass the
drain current Ids (drive current Id) in a larger amount,
Therefore, the drain current Ids remains constant even in
the event of a change in the mebility p.

[0096]

As described above, the light emission brightness
of the organic light-emitting diode OLED is maintained
constant so long as the data voltage Vin is the same even
in the event of a variaticn in the threshold voltage Vth
or mobility p betwsen different pixels, and further
irrespective of the change in I-V characteristic of the
drive transistor Md over time.

{0097]
<Differences in Pixel Circuit for Different Colors>

Assuming the above cenfiguration and operation of

the pixel circuit, a description will be given next of

the fsatures, i.e., the differences in pixel circuit
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configuration for different coleors, of the display device
according to the present embodiment,.

The emission color varies depending on the organic
material making up the organic film of the organic light-
emitting diode QLED. Therefore, adiacent pixels differ in
configuration including material actually even L1f they
are identical in eguivalent circuit of the pixel.as
deacribed above.

Therefore, a pixel unit is made up of N (N = 3)
censecutive pixels in the same row. Two pixel units are
identical in configuration when a pixel unit is viewed as
a unit. When three primary colors of RGB are used to
display a coler, an arbitrary color is displayed based on
the proportions of light emission brightness between the
each of three primary colors, and N = 3. In the
description given below, we assume that thres primary
colors of RGE are used to display a coloxr, and that N = 3.

As described above, a pixel unit is a minimum unit
having the same configuration in a pixel array to display
an arbitrary ccelor. The present embodiment 1is
characterized in that “a specific color pixel of a pixel
unit has more sets of pixel circuit elements including
the drive transistor, holding capacitor and light-

emitting element than other coler pixels and has two or
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’r

more sets thersoi. The number of “sets” in a pixel will
be hereinafter referred to as a “set count.” It should be
noted that a detailed descripticn of the “specific color”
wiil be given later.

[o09g]

Here, the term “set” of pixel circuit elements
refers to a set that includes at least the drive
transistor Md, holding capacitor Cs and light-smitting
element (organic light-emitting diocde OLED in the present
embodiment} as “pixel circuilt elements” as described
above. S0 long as the “set”-related requlrement is
satisfied, the pixel circuit may be not only a 27T1C
circuit but alseo any of the pixel circuits 1, 2 and 3 ox
any of 4T-1C, 4T-2C, 5T-1C and 3T-1C pixel circuits.

it éhouid be noted, however, that the pixel circuit
3, i.e., the pixel circult configuraticn shown In Fig. 5,
is the most preferred of all for a variety of advantages
including use of N-channel amorphous silicon TFT, which
ig a TET %ype that readily allows for axpansion of the
large screen, for all transistors (TFTs), simple circuit
configuration, and implementation in advance of a
correction mechanism for the threshold voltage vth and
mopility p in the pixel circuit. The description will be

continued below assuming that the pixel cilrcuilt shown in
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Fig. 5 is used.
[G059]

In the present embodiment, the “specific color” is
either a “specific color that is susceptible to a dark
dot” or a “specific color that has the highest relative
luminosity factor.”

[0100]

2s for a “specific color that is susceptible to a
dark dot”, statistical investigation on colors and dark
det occurrence rate show that a certain color may be morxe
likely to develop a dark dot than other colors. In this
case, the color that is.highly likely to develop a dark
dot is regarded as a “specific color.”

The investigation of the present infentor has
revealed that a dark dot defect or a defect that is not
as severe as a dark dot defect but that lsads to a less~
than—-desired level of brightness (hereinafter referred to
as a semi-dark dot) occurs due to several causes., One of
the causes is interruption of current flow into the anode
and cathode due to broken wiring in the formation process
of the crganic light-emitting diecde CLED. Another cause
is increased resistance of part of wiring or contact sven
if there is no broken wiring, 35till another cause is a

short circuit formed between the anode and cathode due to
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dust. &s a result, the drive current of the ocrganic
light~emitting diode OLED flows through the short circuit
and is consumed therein, causing no drive current to flow
through the organic light-emitting diode OLED or only an
insufficient amcunt of current to flow therethrough.

4s far as the investigation of the present inventor
is concerned, short circuit is the most frequent cause of
the dark dot or semi-dark dot.

[0101]

Fig. 12 illustrates an equivalent circuit diagram
of the pixel circuit 3{(i,3}) in the event of a short
circuit formed between the anode and cathode of the
crganic light-emitting diode OLED.

If dust adheres to the organic multi~layvered film
of the orgenic light-emitting diode OLED during formation:
of the same f£ilm, the anode and cathode of the organic
light-enitting diode OLED are electrically connected by a
short circuit via a resistance R due to_cenductive dust
ar dust-caused pattern defect. In this case, the drain
current Ids flowing through the drive transistor Md is
divided into the drive current Id flowing through the
organic light-emitting diode OLED and a current Ir
flowing through the resistance R. As described earlier,

the drain current Ids is a constant current commensurate
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with the data voltage fed in advance from a videco signal
line DTL{3). However, if the current Ir develops that
flows through the resistance R, the drive current Id is
lessened, thus resulting in reduced light emission
brightness of the corganic light-emitting dicde CLED
{gemi-dark dot defect).

The semi-~dark dot defect is not conspicuous when
the resistance R is large. Howeveyx, the smaller the
resistance R, the greater the current Ir becomes and the
smaller the drive current Id becomes, thus making the
semi~dark dot defect more conspicuous. Then, when the
resistance drops to a certain extent, the drive current
Id no longer flows through the organic light-emitting
diode QLED, thus developing a dark dot defect.

[g102)

If the anode and cathode of the organic light-
emitting diocde OLED are slectrically shorted via ths
resistance R due to adherence of dust of a given size,
there is a tendency that the largsr the dust, the more
probable it is for the anode and cathode to become
shorted, and that the larger the dust, the smaller the
resistance R of the short circuit beccomes. This is
probably caused by the fact that because the organic

multi-layered fiim is partially not formed around the
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dust, the anode and cathode metals come in direct contact
or, though not come in direct contact, an electric field
ICOncentrates in this ai@a thus resulting in more leak
current.in this area. According to the investigation of
the present inventor, there is a broad tendency that a
dark dot or semi-dark dot defect is likely to develop in
a color pixel whose organic light-emitting diode OLED has
a relatively thin organic multi-layered £film. This
attests to the fact that the above cause of defect is
correct,

[0103]

In this case, the color pixel in a pixel unit in
which the organic multi-layered film of the crganic
light-emitting diode OLED made up of a plurality of
organic thin films is the smallest in total thickness may
be regarded as a “specific cclor that is susceptible to a
dark dot.”

Wnen three primary colors of REB are used to
display a ccleor, which of the ccolor pixels has the
smallest total thickness of the organic multi-lavered
film varies depending on factors such as material and
structure of the film. On the other hand, the total
thickness varies depending on whether a light enhancement

structure is used. The light enhancement siructure is
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designed to enhance emitted light using a reflected light
component. Therefore, it cannct be indiscriminately saild
which color pixel has the smallest total thickness.
However, when three primary colors of RGB are used to
display a coler, there is a general tendency that the
blue (B} pixel is smaller in total thickness than the
other ceolor pixels.

[C104]

On the cther hand, the “specific color that has ths
highest relative lumincsity factor” is an expression
representing how to determine a color pixel according to
how severely the pixel is affected by a dark dot or semi-
dark dot defect.

Mere specifically, human eves are not egually
sensitive to the thres primary colors of RGB. Instead,
they have different sensitrivities {(luminecsity factors) to
the different cclors. Relative luminosity factor iz a
normalized parameter that represents the ratio of
luminosity factor {unit: 1 m/W) of each cof waveiengths to
luminosity factor of the waveleﬁgth having the highsst
luminosity factor (555 nm in a bright area, 507 nm in a
dark area).

In the case of RGRB, human eyes have the highest

ralative lumincsity factor for green (G}. On the other
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hand, it is said that Europeans and Americans have a
relatively hidher relative luminocsity factor to blus (B)
than Japanese.

Therefcre, 1f a dark dot defect develops in a pixel
of a pixel unit on a screen adapted to display a colorn,
the defect is likely to be conépicuous when the pixel is
green (G}, When the pixel is red (R) or blue (B), the
defect is unlikely to be conspicucus. Therefore, when
thres primary colors of RGB are used to display a color,
it can be safely sald that green (G} is the “specific
color that has the highest relative luminocsity factor.”
[0105]

Fig. 13{a&) 13 an equivalent circult diagram of a
pixel unit illustrating a case in which the blus (B)
pixel with the smallest total thickness <f the argahic
multi-layered film has a larger “set count” than other
color pixels as an example of a “specific ccolor pizel

rd

that iz susceptible to a dark dot.” ©On the other hand,
Fig. 13(B) is an equivalent circuit diagram of a pixel
unit illustrating a case in which the green {G) pixzel has
a larger “set” count than other color pixelis as an
example of a “specific color that has the highest

relative luminosity factor.”

Although the larger “set count” is two, this count
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need only be larger than the smaller “set count” of one
and is an arbitrary number not less than 2.

It should be noted that although the “set” does not
contaln the sawmpling transistor Ms, the sém@ transistor
may be contained therein.

(0166]

As an example of the case shown in ¥Fig. 13{A), PFig.
14 (A) illustrates main pixel circuit blecks, and Fig.
14(B) blocks on an overlying layer of the main pixel
circuit blocks where the organic lighi-emitting diodes
OLED are primarily arranged., As shown in these figures,
all the pixel circuit elements (transistor, capaciter and
organic light-emitting aiode) need not be arranged in the
same block. In the illustrated example, the blocks shown
in Fig. 14{B) where the organic light-emitting dicdes
OLED are arranged are roughly identical in area for ail
colors of RGB. As for the blocks shown in Fig. 14(A)
where the transistors and capacitors are arranged, Lhe
blue (B) pixel block with a “set count” of two is larger
than that of =zach of other two cclors.

As described above, arranging different element
circuit elements in different blocks is advantageous in
that it is easier to secure a space for arranging element

circuit elements thanks to a larger “set count.”
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[0107]
<Examples of Planar and Sectional Structures>

Here, a description will ke given of a2 planar
pattern and sectional structure of a pixel circuit with
reference to the drawings. It should be noted that the
red (R) pixel with a “set count” cf one will be described
here. Therefore, pixel clrcuit elements are laid out over
the entire layout region for easier viewing of the
drawings., However, if the “set count” must be increased,
a layout space is secured, for example, by expanding the
layout reglon.

[£108]

FPigs., 15{A}) and 15(B) illustrate a planar pattern
of the pixel circuit 3{i,j) in the ith row and jth column.
Fig. 15(B) is a plan view with the cathode electrode on
the uppermost layer {(formed over the entire surface)
omitted. Fig. 15(&) is a plan view midway during the
manufacture with the electrodes and organic multi-lavered
film of the crganic light-emitting dicde OLED including
the cathode electrode on the uppermost laver {(formed over
the entire surface) omitted.

Fig. 16{AR) is a schematic sectional view taken on
line &-A in Fig. 15{(A). Fig. 1le(B) is a schematic

sectional view taken on line B-B in Figs. 15{Aa) and 15(B).
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[0108]

In Figs., 16{A) and 16(B), an underlying layer 10
{type of insulating layer) is formed directiv on an
unshown substrate made, for example, of glass or
indirectly via other film.

In the sectional view shown in Fig. 16{B}, a gate
electrode 11A is formed on the underxlying layer 10. Yhe
gate electrode 11A includes a given gate metal layer (GM)
and contains a high-fusion-point metal such as molybdenum
(Mo} . The secticnal view in Fig. lé(B) shows where the
drive transistor Md illustrated, for example, in Fig. 5
is formed. As illustrated in Fig. 15{A), a gate electfode
110, slightly different in size from the gate electrode
114, is similarly formed where the sampling transistor Ms
is formed.

[{0110]

In the sectional view shown in Fig. 1¢6{A}, on the
other hand, two layers are formed on the underlying layer
10, namely, the first and second high-fusion-point metal
wiring layers 11B and 11C which include the gate metal
layer (GM) provided at the same hierarchical level and
made of the same material as the gate electrode 11A. The
first high-fusion-point metal wiring layer 11B and second

high-fusion-point metal wiring layer 11C are spaced apart
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within the pixel but continucus between the adjacent
pixels, as illustrated in Fig. 15(A). That is, the first
high-fusion-point metal wiring layer 11B shown in Fig.
15(A) is connected tc the second high-fusion-point meital
wiring layer 11C (not shown) in the cother unsghown pixel
which is continucus as a pattern on one side in the
column direction (downward from Fig. 153(A)). Similarly,
the second high-fusion-peint metal wiring layer 11C shown
in Fig. "15(A) is connected to the first high-fusiocn-point
metal wiring iayer 118 (not shown) in the other unshown
pixel which is continuous as a pattern on the cther side
in the column direction (upward from Fig. 15{A)}.

{01111

A gate insulating film 12 is formed over the entire
surface of the undérlying layer 10 to cover the surfaces
of the gate electrecde 11A (Fig. 16{BE)} and the first and
second high-fusion-point metal wiring layers 11B and 11iC
(;’Fig. 16(a)).

In the sectional view shown in Fig. 16{(B}, a TFT
layer 13A of the drive transistor Md is formed on the
gate insulating film 12. The TFT layer 133 is made, for
example, of amorphous silicon (or polysilicon for E-
channel TFT). As illustrated in Fig. 15(R), a TFT layer

13BR of the sampling transistor Ms is formed similarly
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although different in size from the TFT layver 13A. The
TET layer L13A showﬁ in Fig. 1&(B} is doped with an
impurity of copposite conductivity type, thus forming
scurce (S) and drain (D} regions which are separated from
zach other. ‘The same holds ftrue for the TFT layer 13B.
[ol1z}

In the sectional view shown in Fig. 16(4), a
contact hole 12A is formed on the end portion of the
first high-fusion-point metal wiring layer 11B in thes
gate insulating film 12. BSimilarly, a contact hole 12C is
formed on the end portion cof the second high-fusion-point
metal wiring laver 11C in the gate insulating film 12.

A total of the two contact holes 12A and 1ZB or one
hole for each of the wiring connection sections serve as
first contact holes (1CH]} ada@ted to connect together the
high-fusion-point metal wiring layer and its coverlying
layer.

Mere specifically, the first high-fusion-point
metal wiring layer 11B has its end pertion connected to
ong of the end portions of an overlying wiring layer 14B
via the contact hole 12A. The overlying wiring layer 14B
is provided on the gate insulating f£ilm 12 and made, for
grample, of aluminum (AL}. Further, the second high- I

fusion-point metal wiring layer 11C has its end portion
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connected to the other end portion of the overlying
wiring laver 14B provided on the gate insulating film 12
via the contact hole 12C.

[0113]

A supply line of the high potential Veco H
{hereinafter referred to as the scurce veoltage supply
line VDDL) is provided above the first high-fusion-point
metal wiring layver 11B. The source volitage supply line
VDDL is insulated from the same layer 11B via the gate
insulating £fiim 12 and separated from the overlying
wiring layer 14B by a pattern. The same line VDDL is
connected to the horizontal pixel line drive circuit 41
shown in Fig. 5 and is designed to alternstely apply ths
high pot@ntiél Vee H and Low potential Vee L to the drain
of the drive transister Md. Therefore, a branch {dencted
by the same reference symbol VDDL) of the source voltage
supply line VDDL is in low-resistance electrical contact
with the region which will serve as the drain (D} of the
TFT layer iSA,as illustrated in Fig. 15{A). On the other
hand, an upper electreode laver 14D of the holding
capacitor Cs 1s in electrical contact with the region
which will serve as the scurce (8;) of the drive
transistor Md. The upper slectrode layer 14D is provided

at the same hierarchical level and made of the same
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material (aluminum AL) as the source voltage supply line
VDDL., As illustrated in Fig. 15{A), the same layer 14D
overlaps the lower electrode layer of the holding
capacitor Cs which is continuocus f£rom the gate electrode
11a. This portion forms the holding capacitor Cg having a

MIS (Metal-Insulator-Semiconductor) structure.

ot

[0114]

in Fig. 16(8), a control line SAML of the sampling
transistor Ms is provided above the second high-fusion-
point metal wiring layer 11C. The control line SAML is
insulated from the same layer 11C via the gate insulating
£ilm 12 and separated from the ovérlying wiring laver 14R
by a pattern. The same line SAML 1= connected to the.
write signal scan circuit 42 shown in Fig, 5 and is
designed to apply the write drive pulse WS(i) to the gate
of the sampling transistor Ms. As illustrated in Fig.
15(a), therefore, the control line SAMIL is connected to
the gate electrode 11D of the sampling transistor Ms in
the underlying layerx via a contact hele 12E which is the
first contact heole {1HC).
[0115]

The control line SAML is disposed long in the row

direction in parallei with the source voltage supply line

VDDI,. The videc signal line DTL{j) has a structure in
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which the second high-fuglon-point metal wiring laver 11C
serves as a lower bridge at the intersection with the
coentrol iine SAML (referred to as the lower bridge
structure in the present specification). Similarly, the
video signal line DTL{]) has & structure in which the
firét high-fusion-point metal wiring laver 11B serves as
a lower bridge at the intersection with the source
voltage supply line VDDL {lower bridge structure)}.

f0116]

Tt should be noted that the overlying wiring layer
14B is connected, on the pattern, to the drain side of
the TEFT layer 13B of the sampling transistor Ms and that
an in—~cell wiring 14E, made of aluminum (AL) and making
up part of the control node NDe of the drive transistor
Md shown in Flg. 5, is connected to the source side
thereof. The in-cell wiring l@B.is electrically connected
to the lower electrode layer cf the holding capacitor Cs
in the underlying layer via & contact hole 12F which is
the first contact hole (1HC).

[0117]

A planarizing film 15 is formed over the entire
surface to bury the aluminum (AL} wirings formed as
degcribed above, i.e., the source voltage supply line

VDDRL, control line SAML, overlying wiring layer 14B,
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upper electrode layer 14D and in~cell wiring 142 and
planarize the surface by removing the level differences
therebetween (refer to Fig. 16{(B}).

As shown in the sectional view in Fig. 1&(B}, an
anode contact 15A is formed in a portion of the
planarizing f£ilm 15 on the upper electrode layer 14D by
filling a second contact hole (2HC), formed in the
planarizing film 15, with a conductive material.

Then, an anode electrode (AR}, a protective film 1§,
an organic multi-layered film {(OML) and a cathode
electrode (CE) are deposited in this order, thus forming
the organic light-emitting diode OLED. The anode
electrode (AE) is formed on the plarnarizing film 15 and
in contact with the end surface of the ancde contact 154A.
The protective film 16 is formed on the ancde electrode
{AE) and has an opening portion 16A one size smaller than
the anode electrode (AR}. The organic multi-layvered film
{CML) covers the protective film 16. The cathode
electrode (CE} is formed in the form of a klanket over
the entire surface of the area occupied by the pixel.
10118]

In the above embodiment, a plurality of sets of the
drive transistor, holding capacitor and organic light-

emitting diode are provided only for the cocleor pixel that
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is the most susceptible to a dark dot or that has the
highest relative luminosity factor in each of the pixel
units, thus preventing a dark dot in the subpixel
susceptible to a dark dot or ensuring that a dark dot is
inconspicuous. This provides improved yield.

On the other hand,.all the pixel circuit elements
(transistor, capacitor and crganic ligthemitting dicde]
of each set are not arranged Iin the same block {(on the
same laver). Instead, the ratio of area beiween the
pixels with different set counts is, for example, smaller
on the layer where the organic light-emitting diocdes are
formed than on the layver where other pixel circult
elements are formed so as to ensure the best layout
efficiency. This contributes to improved layout
efficiency and provides appropriate wiring lines and
spaces, thus preventing reduced yield caused by a short

circult between lines.
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CLAIMS
1. A display device comprising:
a pixel array, the pixel array including

a plurality of regularly arranged pixel units,
each of the pixel units including

N consecutive pixels to each of which
one of N (N = 3) colors including R (red), G (green) and B
(blue) is assigned, wherein
each of the N pixels includes

a sampling transistor,

a drive transistor,

a holding capacitor coupled to a light
emission control node of the drive transistor to hold a data
voltage fed via the sampling transistor, and

a light-emitting element connected in series
to a drive current path together with the drive transistor,
the light-emitting element adapted to emit light of a
characteristic color determined for each pixel by itself
according to the held data voltage based on a drive current
controlled by the drive transistor,

wherein of the N pixels, a specific color pixel that is
susceptible to a dark dot or that has the highest relative
lumincogity factor has more sets of pixel circuit elements
including the drive transistor, holding capacitor and light-
emitting element than other color pixels and has two or more
gsets thereof,

wherein the specific color pixel having the highest
relative Iuminosity factor is the green (G) pixel, and each of
the R (red) and B {kplue) pixels has fewer sets that the green
(G) pixel.

2. The display device of claim 1, wherein

the light-emitting element has a multi-layered film
structure formed by stacking, on one of an anode and cathode,
a plurality of organic thin films of materials and thicknesses
suitable for emitting light of an intended color and the other

of the anode and cathode, and
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the total thickness of the plurality of organic thin
films formed in the specific color pixel that is susceptible
to a dark dot is smaller than total thickness of the other

color pixels.

3. The.display device of claim 2, wherein

so long as the other color pixels have fewer sets of
pixel circuit elements than the specific color pixel, the
smaller the total thickness of the plurality of organic thin

films, the more sets there are in the other color pixels.

4. The display device of claim 1, wherein
if there are the plurality of sets in one of the
pixels, the single sampling transistor is provided to be

shared among the plurality of sets.

5. The display device of claim 1, wherein

the drive transistore are designed respectively to
have the same channel conductivity type and size, and the
holding capacitors designed to have the same capacitance in
all the sets provided in the N pixels, and

if the plurality of light-emitting elements are
provided in the same pixel, the drive current paths of the
plurality of light-emitting elements are connected in parallel
to a drive voltage supply terminal for separation between the

light-emitting elements.

6. The display device of claim 1, wherein
the specific color pixel is larger in area than the
other color pixels so that the total area of openings of the

light-emitting elements, provided as many as the number of
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sets in the specific color pixel, is approximately equal to

the opening area per pixel of the other color pixels.

7. The display device of claim &, wherein
if the other color pixels differ in number of sets,
the pixels differ in area so that the opening area per pixel

is approximately the same between the pixels.

8. A display device compriging:
a pixel array, the pixel array including

a plurality of regularly arranged pixel units,
each of the pixel units including

N consecutive pixels to each of which
one of N (N =2 3) colors including R (red), G {green) and B
(blue) is assigned, wherein
each of the N pixels includesg

a sampling trangistor,

a drive transistor,

a holding capacitor coupled to a light
emission control node of the drive transistor to hold a data
voltage fed via the sampling transistor, and

a light-emitting element connected in series
to a drive current path together with the drive transistor,
the light-emitting element adapted to emit light of a
characteristic color determined for each pixel by itself
according to the held data voltage based on a drive current
controlled by the drive transistor,

wherein of the N pixels, a specific color pixel that is
susceptible to a dark dot oxr that has the highest relative
luminosity factor has more sets of pixel circuit elements
inciuding the drive transistor, holding capacitor and light-
emitting element than other coclor pixels and has two or more
sets thereof, '

wherein 1f there are the plurality of sets in one of the
pixels, the single sampling transistor is provided to be

shared among the plurality of sets.
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9. A display device comprising:
a pixel array, the pixel array including

a plurality of regularly arranged pixel units,
each of the pixel units including

N consecutive pixels to each of which
cne of ¥ (N 2 3} colors including R {red), G (green) and B
(blue) is assigned, wherein
each of the N pixels includes

a sampling trangistor,

a drive transistor,

a holding capacitor coupled to a light
emigsion control node of the drive transistor to hold a data
voltage fed via the sampling transistor, and

a light-emitting element connected in series
to a drive current path together with the drive transistor,
the light-emitting element adapted to emit light of a
characteristic color determined for each pixel by itself
according to the held data voltage based on a drive current
controlled by the drive tramnsistor,

wherein of the N pixels, a specific color pixel that is
susceptible to a dark dot or that has the highest relative
luminosity factor has more sets of pixel circuit elements
including the drive transistor, holding capacitor and light-
emitting element than other color pixels and has two or more
gsets thereof,

wherein the specific color pixel is larger in area than
the other color pixels so that the total area of openings of
the light-emitting elementg, provided as many as the number of
gsets in the sgpecific color pixel, ig approximately equal to
the opening area per pixel of the other color pixels.
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