S09P0309 DESCRIPTION DISPLAY DEVICE Technical Field [0001]
The present invention relates to a display device having a pixel array
formed by regularly arranging a plurality of pixel units, each of which is
adapted to display a single color and made up of N consecutive pixelsoaoo
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 of a drive circuit of
the same. Background Art (0002} Seme dlisplay devices use
electro-optical elements whose brightness changes with change in
voltage applied thereto or current flowing therethrough. For example, a
liquid crystal display element is a typical example of an electro-optical
elehferitAvhése/ beightness changes with 1 SO9P0309 change in voltage
applied thereto. An organic electro- luminescence element is a typical
example of an electro-

Technical Field
[C001]

The present invention relates to a display device
having a pixel array formed by regularly arranging a
plurality of pixel units, each of which is adapted 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

of a drive circuilt of the same.

Background Art
[0002]

Some display devices use electro-optical elements
whose brightness changes with change in voltage applied
thereto or current flowing therethrough. For example, a
liguid crystal display element 1s a typical example of an

electro-optical element whose brightness changes with



optical element whose brightness changes with change in current flowing
therethrough. An organic electro- luminescence element is commonly
called an OLED (Organic Light Emitting Diode) . A liquid crystal display
element is an optical modulation element (i.e., non-self- luminousk08r0303
adapted to modulate light from the light source. An OLED differs from a
liquid crystal display element in that the former is a self-luminous element
which can emit light by itself. [0003) An OLED includes a plurality of
organic thin films stacked one on top of another between upper and lower

electipdes 1 These 95_9_,@Iglgﬂime%@r\é%@é&f&anlglb%efgtgq—mg%@%@eel
and organic light-emitting layer. These films are generally thin although
theyrvaty it dhieknessraacordingdodhe wavelengipotemittethlights @ngh -
also for reasons including providing light enhancement effect. These films
arecdifficult tolfonan beehuse they arg neade ohergamic widterialsare in
OLED is an electro-optical element that takes advantage of light

eMTSSiGR bs & XU AYSPIR-atiBA S an dlectiitdrild Totthesrganic thin
fils, £.color gray level & pbiained 280920309 by conmglipg the curren
va uejfftl)wmgr?ﬁrou}u the gLiﬁ). ma d}sglay evice Using EDS 48
dﬁﬁggﬂnﬁﬁg%ting Dicde). A liguid crystal display element
is an optical modulation 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 selilf-luminous element which can emit
light by itself.
[0003]

An QLED includes a plurality of organic thin films
stacked one on top of ancther between upper and lower
electrodes. These organic filmé serve as organic hole
transporting laver and organic light-emitting layer.
These films are generally thin although they vary in
thickness according to the wavelength of emitted light
and also for reasons including providing light
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 elesctric field

£o the organic thin films., A color gray level is obtained



elements, therefore, a pixel circuit is provided for each pixel that includes

a drive transistor adapted to control the amount of current flowing through
the OLED. [0004] A variety of pixel circuits have been proposed. Chief
among the known circuit types are four-transistor (4T) one-capacitara@d) o
4T-2C, 5T-1C and 3T-1C circuits. All these circuits prevent image
degradation 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 sgreen. Jn.particular when thg OLEDIS. .. orep,

connected to power in the pixel circuit, the characteristic variation of the

drive ransistamadaptiedde control the maount of eurent ggearding to a
data potential of the input video signal directly affects the emission
brghtness of théeatdHD rEherefpie;dhecharadteristicof otheddriveror each
transistor, i.e., the threshold voltage, must be corrected. Further,

assutfiing-tial tHé thre3RsIPvElEHgE it Eorfectéd reafddtirrfthecd iingr ot
capability component 3 S0920309 ,(generally referred to_as mobility)

obtAT &8 BY Subractifg the comsahéits CHURITg vahgt St i threshold

10004}

A variety cof pixel circuits have been proposed.
Chief among the known circuit types are four-transistor
(4T) one-capacitor {1C), 4T-2C, 5T~1C and 3T-1C circuits.

All these circuits prevent image degradation 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
to power in the pixel circuit, the characteristic
variation of the drive fLransistor adapted to control the
amount of current according to a data potential of the
input video signal directly affects the emission
brightness of the OLED. Therefore, the characteristic of
the drive transistor, i.e., the threshold voltage, must
be corrected.

Further, assuming that the threshold wvoltage is

corrected, correcting the driving caparility component



from the current driving capability of the drive transistor provides even
higher uniformity. The correction of the threshold voltage and mobility of
the drive transistor is described in detail, for example, in Patent

Document 1. Patent Document 1: Japanese Patent Laid-Open NOgnopg3g9
2006-215213 Disclosure of Invention [0005] However, panels are
susceptible to display defects such as dark dots in which light emitting

isn't performed normally caused by dust attached to OLEDs and other
electro-optical elements during manufacture. These display defects are
detrimental to providin% improved Yyield of the display device, hampering

theTCOSraduetidrT hREFSSE. It cBSE bt B1ED 1 paHicilaP ¥ust is often
pr&%&?&'a‘%@%@ 01!91%”'80%?0@&%@%3@5%@ :Ef(ﬁfr%%@jp & %Ellai\fﬁrrsets%gld

form a multi-layered film structure. Organic adhere to the inside
ofthe-depesiton devices andireadily;nael off: flogting i the chamber of
the 4 SO9P0309 deposition device. If the electrodes of the OLED are
shorted e agiven sesistancevas: airesuili-ofiadhesende of such dust, a
dark dot defect readily occurs in which the
The correction of the threshold voltage and
mokility of the drive transistor is described in detail,
for example, in Patent Document 1.

Patent Dccument 1: Japanese Patent Laid-Open No.

2006-215213

Disclosure of Invention
[0005]

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

In the case of QOLED 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, flocating in the chamber of 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 varies depending on in which color pixel of the pixel unit adapted

to display color the dark dot defect occurs. That is, the more the col@ris359
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 (Japanese Patent Application

No-2007:3Q%864J.,[0008] It is an obigct of the presentipveptign ta

propose a pixel circuit configuration that can more effectively suppress
thenimpact of & darkiderdefest endhescreen displaywhen the dagkdet o
defect occurs while at the same time suppressing the increase in pixel
area-thatihie, above display dévicesforaghidh oy patent hasilveern applietes
S09P0309 [0009] A display device according to an embodiment of the
pfdent siRfertionitt'erdbodimeBfiféludes a pixel

f0006]

In the event of a dark dot defect, on the other
hand, the extent to which the defect is visually
perceived as a defect varies depending on in which color
rixel of the pixel unit adapted to display colcer the dark
dot defect occurs. That is, the more the color is
visually perceived, the mcre degraded the display quality
becomes by the pixel defect.
fG007]

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

It is an object of the present invention to propose
a pixel circuit configuration that can more effectively
suppress the ilmpact of a dark dot defect on the screen
display when the dark dot defect cccurs while at the same
time suppressing the increase in pixel area than the

above display device for which a patent has been applied,.



array. The pixel array includes a plurality of regularly arranged pixel units.
Each of the pixel units is made up of N consecutive pixels. One of N (N ?
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 @r03¢9
sampling transistor, drive transistor, holding capacitor and light-emitting
element. The holding capacitor is coupled to a light emission control node
of the drive transistor to hold a data voltage fed via the sampling
transistor. The light-emitting element is connected in series to a drive
currentaaath together with the drive transistor. The same element emits
light of a characteristic color determined for each pixel by itself according
to the heldzdathsvaltageibased oadhe dtivey cuerest centrelieddytherdrive.
transistor. On the other hand, of the N pixels, a specific color pixel that is
susceptible toraaibrk oot OF inatthastheimighést retativecdiemninosity: ¢dctor
has more sets of pixel circuit elements includinﬁge drive transistor, 6

S68PBB09 Tisiditg Capatitot ant fighSEmiting eféifieht thai oftRsF&sfotY

pié%?a%%%gagfﬁvé’l%@ﬂes .Setﬁeyé%regg' L:qgeg'ollixel units is made up
of N consecutive pixels. One of N (N 2 3) coclors
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, holding
capacitor and light-emitting element.

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

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

On the cother 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,



In addition to the features of the first embodiment, a display device
according to another embodiment of the present invention (second
embodiment) is further configured so that the light-emitting element has a
multi-layered film structure. The multi-layered film structure is fornged byz o9
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. The total thickness of the
plurality of organic thin films formed in the specific color pixel that is

sysceptible ta.a dark dot is smalley than the total film, thickness of the |

other color pixels. More preferably in the present embodiment, the
smallerthe;tatalthickness of the phuralitref auganie Hhinfilms, the more

sets there are in the other color pixels, so long as the other color pixels
havigfewer sets of pixel circuit elements than the specific color pixel

(third embodiment). [0011] In addition to the features of the first
embodimeht, FISOGROBO atdisplayadevies aeéolding 6 5l apoiRstinent,
embodiment of the present invention (fourth embodiment) is further

cOhfiGUTBASD thaY 1hE sPECTHE LIS pixeFRavingthgmoodiment of the

present invention (second embodiment} 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 ancde and
cathcde, 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.
The total thickness of the plurality of organic thin
films formed in the specific color pixel that is
susceptible to a dark dot i1s smaller than the total film
thickness of the other color pixels.

More preferably in the present embodiment, the
smaller the total thickness of the plurality of organic
thin films, the more sets there are in the other color
pixels, so long as the other color pixels have fewer sets
of pixel circuit elements than the specific color pixel
(third embodiment).

[0011]

In addition to the features of the first embodiment,



highest relative luminosity factor is the green (G) pixel and that each of

the R (red) and B (blue) pixels has fewer sets that the green (G) pixel.
[0012] In addition to the features of the first embodiment, a display device
according to still another embodiment of the present invention (fifdbhopozog
embodiment) is further configured so that 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. [0013] In addition to the features of the
first embodiment, a display device according to still another embodiment

of. the resent d’nvention sixth embogime{_jt) i§ furthg configured so t@at
a gl g aﬁ evice a cordlag 0 Strll another eﬁbo %Pen . of
the drive transistors are designed to have the same channel conductivity

typg.and-size, ang-then polding eapacitors.designed o havedhe same

capacitance in all the sets provided in the N pixels. Moreover, if the
plusality of tight-emitting-elementsare firoviderbin the:sameapixel thae
drive current paths of the plurality of light-emitting elements are
coandcted inmphralieleo a8 SEgR0309 adrivir valtadé suppletermiialfore L

separation between the light-emitting elements. [0014)
and that each of the R (red} and B {(blue) pixels has

fewer sets that the grean (G) pixel.
(060121

In addition to the features of the first embodiment,
a display device according to still another embodiment of
the present invention (fifth emboediment) is further
Configured so that i1if there are the plurality of sets in
one of the pixels, the single sampling transistor is
provided to be shared amcong the plurality of sets.
[0013]

In additicon to the features of the first embodiment,
a display device according te still another embodiment of
the present invention (sixth embodiment) is further
configured so that the drive transistors 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, 1if
the plurality of light-emitting elements are provided in
the same pixel, the drive current paths of the plurality

of Xight-emitiing elements are connected in parallel to a



In addition to the features of the first embodiment, a display device
according to still another embodiment of the present invention (seventh
embodiment) is further configured so that the specific color pixel is larger

in area than the other color pixels. In order to do so, the total aregaoéro3o9
openings of the light-emitting elements, provided as many as the number
of sets in the specific color pixel, is approximately equal to the opening
area per pixel of the other color pixels. More preferably, if the other color
pixels differ in number of sets, the pixels differ in area so that the

opgNing agea @aegéoié%![%%ggp{%imsw the.same hetween {he. pixels the

(eighth embodiment). ) According to the above configurations, o

N1pixels-making Hp apixglypl adapted to display a color, a specific color
pixel has more sets of pixel circuit elements including the drive transistor,

hal@ing4 capacitor and light-emitting element than other color pixels and

has two or more sets thereof. Here, the term "specific color pixel" refers to

a 9 S09P®B09YPixel tiatlie stiseeptisieuvrdafk doesuciras tisabibinent,
(B) pixel in which the multi-layered organic thin film of the Iight-emitting
agnﬂﬁﬁﬁgfﬁéﬂﬁﬁﬁggt3F&?ﬁ§éﬂ§ to still another embodiment of

the present invention (seventh embediment) is further
configured so that the specific color pixel is larger in
area than the other color pixels. In order teo do sc, the
total area of openings of the light-emitting elements,
provided as many as the number cf sets in the specific
color pixel, is approximately equal to the opening area
per pixel of the other color pixels.

More preferably, 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 {esighth embodiment).

[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 term “specific color pixel” refers to a



Alternatively, the term "specific color pixel" refers to a pixel such as the
green (G) pixel having the highest relative luminosity factor. [0016] The
action of the display device according to the present invention will be
described by citing an example for improvement of understandab#lityp. A0 9
assume 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 elements. Assuming

that:the foun dight-emiting.elementsarg idepticaldn apening area,. the .
probability of each of the same elements developing a dark dot defect in
theseventweflsuch aldefectisd/4uwhichlisvthecshmedanalb thgiin fiim of
light-emitting elements. It should be noted, however, that the probability
offife SpEtificcanler pixel ¢ByHevEloping acddik idotds twick ashighzsls -
the other color pixels on the precondition  that the openin@gﬂarea is the

same BEfWEST the spacifit T0"s08PB3HS™ Colo? kel BY Shd Gfief £BIor°
PR e ey S SRRIal e S o
relative luminosity factor.

{0016}

The action of the display device according to the
present invention will be described by citing an example
for improvement cf understandability. We assume here that,
in a pixel unit including three pixels (R, G and B} (N =
3), the biue (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 elements. 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 is 1/4
which is the same for all the light-emitting elements. It
should be noted, however, that the probability of the
specific coleor pixel (B} developing a dark dot is twice
as high as the other color pixels on the precondition

that the opening area ls the same beltween the specific

10



(R or G) other than the specific color pixel (B) develops a dark dot defect,
this color pixel (R or G) 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 begspozgo
emitted thanks to one additional light-emitting element although the
brightness is halved. [0017] On the other hand, when the opening area is
the same between the red, green and blue (R, G and B) pixels, the
probability of developing a dark dot is the same for all color pixels thanks

to_two openingfp videddfor tge specific colar pixel (B) The area of each
0 %eo%p%lnfngs o(rﬁt)heagpec? |c%6lo$0|§%>?gl (%Jj}fs alf éf?egno ggc%%ﬁﬁes ©

othercolor{Ry,3) pixels. Moreover, as described above gven itong.of () |
the light-emitting elements of the specific color pixel (B) develops a dark
dot due, forsexampleh 4o dustthe otherbbthetlight- emitingielementsixel
emits light, so the worst case of no blue light emission can be avoided.
[0G181115509PTB0Y- Wheh!the sipecificicolorpixel hasghredsetdegr Lops
more, the more sets there are, the less affected the specific color pixel is

b§ fAMIrE Sith 4§ Gtstof GRéHrcoler pixel (R or G) 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 additicnal
light-emitting element although the brightness is halved.
(0017}

On the other hand, when the opening area is the
same between the red, green and blue (R, G and B) pixels,
the prokability of developing a dark dot is the same for
all color pixels thanks to two openings provided for the
specific ceolor pixel (B). The area of each of the
openings cof 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 the light-emitting
elements of the specific color pixel (B} develops a dark
dot due, for example, to dust, the other of the light-
emititing elements emits light, so the worst case of no
biue light emission can be avoided.

[001s]

11



the light-emitting elements to emit light. That is, if the specific color pixel
has three sets, the brightness will be 2/3. As a result, the specific color
pixel is less affected by a dark dot than if the brightness is 1/2. Similarly,

if the specific color pixel has four or more sets, the brightness willdpe 8i&k 09
4/5, 5/6 and so on. As a result, the more sets there are, the less affected
the specific color pixel is by a dark dot. 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 ipifilly set bughiness (brighipess with o dark dots). Jy general
therefore, the more sets there are, the gPeater the color pixel area with

mare sets fends:ta-be {Q019LAs described above, the-pumber ofigets is

generally determined for each color in consideration of a tradeoff
betwedIrincreased pixetarea and,suppressionsefthesdmpact of darkdet of
defect (extent to which the brightness drops). Application of the present
inveation Yridernthist 12:569POB00S cireummsidnde- providesimbrd setstin
the specific color pixel that is susceptible to a dark dot or that has high

réi&five Rifitnosity FaLOF rathe? thaf Hrolithify tHe Samehe brightness

will be 2/3. As a result, the specific color pixel is

less affected by a dark dot than if the brightness is 1/2.
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 less affected the
specific color pixel is by a dark dot. It should be noted,
however, that an attempt to provide a number of openings
of the light-emitting elements in the saﬁe 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 cclor pixel area with more sets tends to be.
(00192}

As 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 the present invention under this

12



number of sets, thus easing the tradeoff. [0020] The present invention
makes 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 increase in pixel area by easing3o2
the tradeoff. Brief Description of Drawings [0021] Fig. 1 is a diagram
illustrating the major components of an organic EL display device
according to an embodiment of the present invention; Fig. 2 is a basic
configuration diagram of a pixel circuit 1 according to the embodiment of

the; prasent davention; JFige 3 is &-Lasicconfiguration.diagram.of.a pixel
circuit 2 according to the embodiment of the present invention; Fig. 4 is a
grapheand leguation stusteating-the chazacteristic of aBOrgaRAIC has high
light-emitting diode; 13 SO09PO309 Fig. 5 is a basic configuration diagram
of & pivkel tir chitn8- aecarding &t eridddimelnt of thre preskntginveatioane
Fig. 6 is a timing diagram illustrating the

number of sets, thus easing the tradeoff.

[0020]

The present invention makes 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 increase

in pixel area by easing the tradeoff,

Brief Description of Drawings
(06021}

Fig. 1 1s a diagram illustrating the major
components of an organic EL display device according to
an empodiment of the present invention;

Fig. 2 is a basic configuration diagram of a pixel
circuit 1 accceording to the embodim@ﬁt of the present
invention;

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

Fig. 4 is a graph and equation illustrating the

characteristic of an organic light-emitting diode;

13



waveforms of various signals and voltages during display control

according to the embodiment of the present invention; Fig. 7 is a diagram
describing the operation until sampling; Fig. 8 is a diagram describing the
operation until a second threshold correction; Fig. 9 is a diagram gn4pp300
describing the operation until a third threshold correction; Fig. 10 is a
graph illustrating the change in source potential over time according to

the embodiment of the present invention; Fig. 11 is a diagram describing
the operation until a light emission period; Fig. 12 is an equivalent circuit

diagram of aénxqgj gerU|t gccszgrdlré% to.the embodlmcgznt of t?ﬂe g%esent,

invention if tHe eveht of a Short ciretit betasn “Blectiodes dfan Srdaric

light;emitting ei\%ESPEiE{%- 13 is pdiagramilustrating pixel goit. .,
configurations according to the embodiment of the present 14 SO9P0309
inveptanr;:kig; 14 is a plan view illustrating examples with different layouts
of pixel circuit elements according to the embodiment of the present
invention; Fig. 6 is a timing diagram illustrating the

waveforms of various signals and voltages during display
control according to the embodiment of the present
invention:

Fig. 7 is a diagram describing the operation until
sampling;

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

Fig. 9 is a diagram describing the operation until
a third threshold correction;

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

Fig. 11 is a diagram describing the operation until
a light emission pericd;

Fig. 12 is an equivalent circuit diagram of a pixel
circulit according to the embodiment of the present
invention in the event of & short circuit between
electrodes of an organic light-emitting element;

Fig. 13 is a diagram illustrating pixel unit

configurations according to the embodiment of the present

14



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
according to the embodiment of the present invention. Best Mode for
Carrying Out the Invention [0022] Embodiments of the present invepiens g
will be described below.with reference to the accompanying drawings
taking, as an example, a case in which the present invention is applied to
an organic EL display device. [0023] <Overall Configuration> Fig. 1 is a
diagram illustrating the major components of an organic EL display

device according to an embodiment of the present invention. An organic
EE%YS?&%%(/ice 1 illustrated in Fig. 1 includes a pixel array 2 and drive

cirouit Thepixel array 2has a,plurally of pixel clreuits 30 s s

S09P0309 arranged in a matrix form. The drive circuit drivesthe pixel
agay: 2angincludes; avesticalidrive eifewt (V. scannsi} ¢ and-herzental o

drive circuit (H scanner or H. Scan). The plurality of V scanners 4 are
pﬁjﬂd@w&odiment of the present invention;
Fig. 15 is a plan view of a pixel circuit according
to the embodiment of the present invention; and

Fig. 1% is a secticnal view of the pixel circuit

according to the embodiment of the present invention.

Best Mode for Carrying Out the Invention
10022]

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

10023]
<Overall Configuration>

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

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

array 2 has a plurality cf pixel circuits 3 {(i,3)

15



depending on the configuration of the pixel circuits 3. Here, 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,j) of the pixel
circuits shown in Fig. 1 denotes that each pixel circuit has a vertigal; nq304
‘address i (i= 1 or 2) and horizontal address j (j = 1, 2 or 3). Each of these
addresses i and j take on an integer equal to or greater than 1. The
maximum values of these address i and j are "n" and "m," respectively.
Here, for simplification of the diagram, a case will be shown in which n =

m = 3. This address natation is similarly applied to the elements,

2 and
sighafd &ighal TinRs 05itaded BRA others of thESpikdlrércuitsiniigs the
descrintion and drawings; which, follow. [0025] Pixe] circuits 34%&;2@“;1{

3(2,1) are connected to a 16 SO9PO309 common vertical first signal line

Siethn Similarly.-pixebeirclits:3(1,2)-and 3(2,2).are connestedito-acr o,
common vertical second signal line SIG(2) . Still similarly, pixel circuits
3¢k;38pand 3(2,3) are connected to a common vertical third signal line
SIG(2).

The plurality of V scanners 4 are provided
depending on the configuration of the pixel circuits 3.
Here, the V scanner 4 includes a horizontal pixel line
drive circuit (DSCN) 41 and write signal scan circuit
{W3SCHN) 42.

(0024}

Reference symbol 3 (i,3) of the pixel circuits
shown in Fig. 1 denotes that each pixel circuit has a
vertical address 1 {i = 1 or 2) and horizontal address i
{1 =1, 2 or 3). Each of these addresses 1 and 3 take on
an integer egqual to or greater than 1. The maximum values
of these address 1 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 notaticn is similarly applied to the
elements, signals, signal lines, voltages and others of
the pixel circuits in the descripticn and drawings which
follow.

[G025]

Pixel circuits 3(1,1) and 3(2,1) are connected to a
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A first scan signal VSCAN1(1) can be applied to 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

VSCAN1(2) can be applied to the pixel circuits 3(2,1), 3(2,2) and 323} #y9
the second row from the horizontal pixel line drive circuit 41 via a

common scan signal line. Further, a second scan signal VSCAN2(1) can

be applied to the pixel circuits 3(1,1), 3(1,2) and 3(1,3) in the first row
from the write signal scan circuit 42 via other common scan signal line.

Similarly, a secand .scan signal, VS 2(2 applied to.the. pixel
Y R I S s S T T e

circuits (2‘,?%), J( 2 . rom the writé s?{dnal
sean. cifcuif 42, via gthercommeon;sean  signalline.JQQ261. sPixel Circuit

1> Fig. 2 illustrates the most basic configuration of the pixel circuit 3(i,))
whetrthe drive:transistordhS09PH300 incledes a PMOSdtansistor. The
pixel circuit 3(i,j) illustrated in Fig. 2 controls an organic light-emitting
divteidpEDy seiving Ascatight-emifting élensent. The: pixebeircuitimeities!
A S enor WS Pampling, Tangistor s ANt A 1eYag
A first scan signal VSCANI{l} can be applied tc the
pixel circuits 3(1,1}, 3(1,2) and 3{(1,3) in the first row
from the horizental pixel line drive circuit 41 via a
common scan signal line. Similarly, a first scan signal
VSCAN1(2) can be applied to the pixel circuits 3(2,1),
3{2,2} and 3{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 (1) can be

applied to the pixel circuits 3{(1,1), 3(1,2) and 3(1,3)
in the first row from the write signal scan circuit 42
via other common scan signal line. 3Similarly, 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.

[002¢6]

<Pixel Circuilt 1>

Fig. 2 illustrates the most basic configuration of

the pixel circuit 3(i,3j) when the drive transistor
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capacitor Cs, in addition to the organic light-emitting diode OLED. The
drive transistor Md includes a PMOS TFT. The sampling transistor Ms
includes an NMOS TFT. [0027] Although not specifically illustrated, the
organic light-emitting diode OLED has a layered body with a secgpdrpsos
electrode (cathode electrode) formed thereon. The layered body makes

up an organic film. This layered body is formed by sequentially

depositing, on a substrate made, for example, of transparent glass or the
like, a first electrode (anode electrode), hole transporting layer,
light-emitting la lectron transporting layer, electron injection layer

a% 9 ﬁéjtfe I%y‘ér%ge Shode 8lettrode is connected to a positive first

power soufce, ang.the cathode elqgtrode 19 anegative second gower
source. It should be noted that the second power source may be positive,
and:the first powersew e negativesdn +this.case.dhe anade electrogle iss
connected to the second power source, and the cathode electrode to the
fiest 1:80809P0O309 L powetl svarce. It Bhould be notéd thattFignlillgstrates
a case in which the anode of the organic light-emitting diode OLED is

sOppit&d WA hifHPpotéhtial Y88 H #ont ?ﬁésﬁééﬁ'f?\lfe Hifstovér Seurdens

agggg%ﬁqg&p Q?dgéﬁgg%ition to the organic light~emitting

diode OLED. The drive transistor Md includes a PMOS TFT.
The sampling transistor Ms includes an NMOS TFT.
[0027]

Although not specifically illustrated, the organic
light-emitting diode OLED has a lavered body with a
second electrode {(cathode electrode) formed thereon. The
layvered body makes up an organic £ilm. This layered body
is formed by seguentially depositing, on a substrate made,
for example, of transparent glass or the like, a first
electrode (anocde electrode), hole transporting laver,
light-emitting layer, electron transporting layer,
electron injecticn layer and other layers. The anode
electrode 1s connected to a positive first power source,
and the cathode electrode fto a negative second power
source. It should be noted that the second power socurce
may be positive, and the first power source negative. In
this case, the ancde electrode is connected to the second

power source, and the cathode electrode to the first
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organic light-emitting diode OLED is connected to a reference voltage
such as ground voltage GND. [0028] When a predetermined bias voltage

is applied between the cathode and anode of the organic light- emitting
diode OLED, the injected electrons and holes recombine inthe sggpg309
light-emitting layer, thus emitting light. Because the organic light-emitting
diode OLED can emit any of red (R), green (G) and blue (B) lights by
proper selection of the organic material making up the organic film, the
same diode OLED is capable of displaying a color image, for example, if
theogvgiig\fglssarer aéranged in each row in such a manner that R, G and B
Ii&hts are ablé T6 be emitted. Alternatively, a white light-emitting organic

material may e ysed, with the. distinetion hetween R, Giand B.made,, .

using filter colors. Still alternatively, four colors, namely, R, G, B and W
(White), may braseddnstead. {0029]-12,:509PQ309 - the drivetransistor
Md functions as current control means adapted to control the amount of
covrent flowinghiroedhwthellightremitting eterhént (6fganit fightrehditting
diode OLED) so as to determine the display gray level.
poslitive first power socurce, and that the cathode of the
organic light-emitting dicde OLED is connected to a
reference voltage such as ground voltage GND.
[00z8]

When a predetermined bias voltage is applied
between the cathode and ancde of the organic light-
emitting diode OLED, the injected electrons and holes
recombine in the light-emitting layer, thus emitting
light. Because the organic light-emitting diocde OLED can
emit any of red (R}, green (G} and blue (B) lights by
proper selection of the organic material making up the
organic film, the same diode OLED is capable of
displaying a color image, for example, 1f 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 between R, G and B made using filter colors.
Still alternatively, four colors, namely, R, G, B and W

{white}, may be used instead.

[0029]
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The drive transistor Md has its source connected to the supply line of the
high potential Vcc H and its drain connected to the anode of the organic
light-emitting diode OLED. [0030] The sampling transistor Ms is

connected between a supply line (video signal line DTL(j)) of a datasrozco
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 source 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 Visid ig;applied 19 the video $ignd, ling,RIL() from, the. Hy scanner

5. The sampling transistor Ms samples the data having the level to be

displaviesh bythepixelircit ala prapenimingduring thisdata,potantial
application period. This is done to eliminate the adverse impact of

unsiabie:teveh daring theetransitiongperiod on thé display imagersatdhe
beginning 20 S09P0309 or the last of the date pulse having the desired
datppdrepitial VsiptoBe sampiéd. [0032FThe Hotding tapacitbe Caligplay
connected between the supply line of the high potential Vcc H and the

ghterdr Vel

The drive transistor Md has i1ts source connected to
the supply line of the high potential Vec H and its drain
connected to the anode of the crganic light-emitting
diode OLED.

[0030]

The sampling transistor Ms is connected between a
supply line (video signal line DTL(3)) of a data
potential Vsig and the gate ¢f the drive transistor Md.
The data potential Vsig determines the pixel gray level.
The same transistor Ms has one of its socurce and drain
connected to the gate of the drive transistor Md and the
othar therecf connected to the video signal line DTL(3).
The data potential Vsilg is applied to the videc signal
line DTL{j) from the H scanner 5. The sampling transistor
Ms samples the data having the level to be displayed by
the pixel circuit at a proper timing during this data
potential application period. 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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the drive transistor Md. The roles of the holding capacitor Cs will be
described later in relation to 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 components may be, fokgapo3ne
example, another transistor connected between the supply line of the

high potential Vcc H and the drive transistor Md in Fig. 2. Alternatively,
another example of such components may be that adapted to repeatedly
apply the high potential Vcc H for a predetermined time at constant

mterv%s gﬁacgtcorgpggeng %E %r%wde(ljl ;erl ur@gses %1; drlve 2, sgan.
n

However, they are omitted | ecause of many sc emes avatlable
f%mggg_@p.ﬂqg]tg@@lgmgg? Fig. 3 illustrates the most basic

configuration of the pixel circuit 3(i,j) when the drive transistor includes
an NMOFS transistor. 21 S09P0309 The pixel circuit 3(i,)) illustrated in Fig.
3 is similar to that in Fig. 2 except that the drive transistor Md is of
different cAarnéldohiductivity aypd drofsthesorreshewhdd RigL2elsinigian

NMOS tranS|stor as the drive transistor Md offers two advantages. Flrstly,
supp y line of the high potential Vcc H and the gate of

the drive transistor Md. The roles of the holding
capacitor Cs will be described later in relation to the
operation.

It sheould 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 components may
be, for example, ancother transistor connected between the
supply line of the high potential Vcc H and the drive
transistor Md in Fig. 2. Alternatively, another example
of such components may be that adapted to repeatedly
apply the high potential Vecc H for a predetermined time
at constant intervals. Such components are provided for
purpocses of drive scan. However, they are omitted in Fig.
2 because of many schemes available for drive scan.
[0032]
<Pixel Circuit 2>

Fig. 3 i1llustrates the most basic configuration of
the pixel circult 3(i,j) when the drive transistor

includes an NMOS transistor.
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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. [0033] It should be noted that
all transistors in the pixel circuits 1 and 2 are formed by TFTs. Thgdhifh349
film semiconductor layer used to form the TFTs is made of a
semiconductor material such as polysilicon or amorphous silicon and the
like. Polysilicon TFTs can have a high mobility but vary significantly in

their characteristics, which makes these TFTs unfit for achieving a Iarger
screen size of the dlsplaé devlce Therefore gmor hou TFTs are

generally USEH FE& Hlsgiay Gevice naving a 1arke Sereen. IPshould be
n%tggifg\f\/e,ygr,t 21 Prehannel RIS are difficult t@nfgr@r‘ﬂ% amorphous

silicon TFTs. As a result, the pixel circuit 2 or a pixel circuit based

thereen sheuld preferably beiused:40034}22,500R0309, Here; the type

above-described pixel circuits 1 and 2 are examples of a pixel circuit
afplicabténto theepegsent embbitiment, i.65 bagicexamples-ebasistor as
two-transistor (2T) one-capacitor (1C) configuration. Therefore, the pixel
cifétit Whicrecarr pesiseerin thé reSent eiibodifiemt gyps- Firstly, a

large drive current can be used per unit size. Seccondly,
N-channel transistors can be used for all the transistors
in the pixel circuit, thus providing a simpler
manufacturing process.

[0033]

It should be noted that all transistors in the
pixel circuits 1 and 2 are formed by T#¥Ps. The thin film
semiconductor layer used to form the TFTs is made of a
semiconductor material such as polysilicon or amorphous
silicon and the like. Polysilicon TFTs can have a 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, howsver, that P-channel
TFTs are difficult to form with amorphous silicon TFTs.
As a result, the pixel circuit 2 or a pixel circuit based
thereon should pr@ferabiy be used.

[0G34]
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have an additional transistor and/or capacitor in addition to the pixel circuit
1 or 2 as a basic configuration. More specifically, the pixel circuit
applicable to the present embodiment may have, for example, any of
4T-7.C, 4T-2C and 5T-1C pixel circuits, though detailed descriptiagrise¢309
omitted. [0035] <Outline of Light Emission Control> The schematic light
emission control operation of the above two pixel circuits can be briefly
described as follows. The holding capacitor Cs is coupled to a control

node NDc of the drive transistor Md. The signal voltage Vsig from the

signal line RlG4)) is sampled bydbssampling;transistor Ms- The obtajned
data potential Vsig is applied to the control node NDc. [0036] Fig. 4
illasteatesathe e\ charactgtistic gedpte 0f itheggrganiclightremitting siedent
OLED and a general 23 S0920309 equation of a drain current Ids of the
AV RraksRIGH Md feorrégporistoardirve cdfrent-idooftthar@LED) »Wiigh
the predetermined data potential Vsig is applied to the gate of the drive

trEASISGHG e thanferdrive rahsRtor M fHeP€4se bR thepisel 1

circuit which can be used in the present embodiment may
have an additional transistor and/or capacitor in
addition to the pixel circuit 1 or 2 as a basic
configuration. More specifically, the pixel circuit
applicable to the present embodiment may have, for
example, any of 47-1C, 4T-2C and 5T~1C pixel circuits,
though detailed description is omitted,.

[0035]

<Oubtline of Light Emission Control>

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

The holding capacitor Cs is coupled to a control
node NDc¢ of the drive transistor Md. The signal voltage
Vsig from the signal line SIG(j) is sampled by the
sampling transistor Ms. The obtained data potential Vsig
is applied to the control node NDc.

[0036]
Fig. 4 illustrates the I-V characteristic graph of

the organic light-emitting diode OLED and & general
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shown 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 transistor Md functions as a constant current source having a

current level denoted by the equation shown in Fig. 4. The drain gysent o5
Ids supplied by this constant current source is determined by a
gate-to-source voltage Vgs whose level is 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- sampli?lg]data otential V,s?j%

(G087 ASTS Well kndo; thE 1AF EharateriStic SFthe™ organicight-ehiting
dipde QLFD shanges as ilusiated inFig. fdug 19 secylarghange. Al

this time, t nstant current source attempts to supply the same level
of the drivg:urentddys Thisincraasasia voHage M applied tasthe arganic

light-emitting diode OLED, pushing 24 S09P0309 up the drain potential of
thePiakannel drive transistaf Md: Howewer: the gateta-s6diyce oltage
Vgs of the P- channel drive transistor transistor Md remains constant.
Thereford, theicohstaardnve eariéat IfI6WS tArsifgi thétsrgaakel 1
light-emitting diode OLED. As a result, the . ,
shown in Fig. 2 is designed to operate in the salturation
region at all times with its source connected to the
power source. As a result, the P-~channel drive transistor
Md functions as a constant current source having a
current level denoted by the eguaticn shown in Fig. 4.
The drain current Ids supplied by this constant current
source 1s determined by a gate-to-socurce veltage Vgs
whose level is commensurate with the data potential
applied to the gate of the P-channel drive transistor Md.
Therefore, the organic light-emitting dicde OLED emits
light at the brightness commensurate with the post-
sampling 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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light emission brightness remains unchanged. [0038] In the case of the
pixel 2 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 light-emitting diode OLED. As a result, the gate- to-sourcesvaitags 3
Vgs changes with change of the organic light-emitting diode OLED over
time. This changes the drive current Id flowing through the organic
light-emitting diode OLED, thus changing the light emission brightness
even if the data potential Vsig is at the predetermined level. Further, a

thigsheld voltage ¥th-and moebility piof thegrive,bangistoMAdAIes § s e or

different from one pixel circuit to another. This leads to a variation in the
drain curcentdds acceedingite-the-eguation shawa dr Figs 4o thus:ehanging
the light emission brightness between different pixels even if the supplied
datzapotehtidl Vsiy s e sative; 25:809P9B09 [8D38jntsheulddye heted
that, in the equation shown in Fig. 4, reference symbol Ids represents the

cUREARE oWfing Detwesh the drafff ala sourée bF thé dfive FahsisfiMd
ogggﬂg¥hgﬁygS%%%E%Eghg%ﬂgggF%gg%% CLED. As a result, the
light emission brightness remains unchanged.
[0038]

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 ilts scurce connected to the
organic light-emitting diode OLED. As a result, the gate-
to-scurce voltage Vgs changes with change of the organic
light-emitting diéde OLED over time.

This changes the drive current Id flowing through
the organic light-emitting diode QLED, thus changing the
light emissicn brightness even 1f the data potentisl Vsig
is at the predetermined level.

Further, a threshold voltage Vth and mobility u of
the drive transistor Md are different from one pixel
circuit 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
different pixels even 1f the supplied data potential Vsig

isg the same.
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in the drive transistor Md, reference symbol Vth represents the threshold
voltage, p 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,gates 54
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. [0040] The pixel circuit having the N-channel
drive transistor Md is advantageous in that it offers high driving capability
and permits simplification of the manufacturing process. To suppress the
véﬁi‘?&ﬂ in the threshold voltage Vth and mobility p, however, the

following carreglion gpgrations aredemanded DETOLe NG ; o ohown

above-described light emission control 6peration. [0041] <Outline of the

Correctipnsz26. 50920399mAdhough a dgtailed-contiol deseriptign will be

given later, the gate-to-source voltage Vgs of the drive transistor Md is
nintained iat theslevet oé thir thiresholil veltage \ith bytheihalding
capacitor Cs before the sampling. This preliminary operation is called the
transistor Md operating in the saturation region. Further,
in the drive transistor Md, reference symbol Vth
represents the thresheld voltage, up the mobility, W the
effective channel width (effective gate width), and L the
effective channel lencth (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 socurce {(or drain) and gate.

[0G40]

The pixel circuit having the N-channel drive
transister 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 p, however, the
following correction cperations are demanded before the
above-described light emission control operation.

[0041]

<Outline of the Corrections>
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"threshold correction." A post-sampling data voltage Vin is added to the
gate of the drive transistor Md after the threshold correction. Therefore,

the gate-to-source voltage Vgs changes to "Vth + Vin" and is maintained

at this level. The drive transistor Md turns on according to the magpjtde,
of the data voltage Vin. If the drive transistor Md does not easily turn on
because of its large threshold voltage Vth, "Vth + Vin" is also large. In
contrast, if the drive transistor Md easily turns on because of its small
threshold voltage Vth, "Vth + Vin" is also small. This eliminates the impact
of variation jn _the threshold vpltagde Vth from the drive current, thus

maintainirgy the“taih Bufteht s furi Caient 18 “Corstantor the 2
cgngiant data yoltage, Vin.,[004g1 )E Yrhel, 3 mebility gorregtions, (drving.,

capability correction to be precise) is performed, for example, before the

datesampling and afterthe-thresheld-27 S09PO369; veltage £orectione 1.4
The mobility correction changes the gate potential further according to the

curréntdrvingicapability of othéldrive trensistor-Mdswitk floe voltage "Vth +
Vin" maintained constant. Although not illustrated in Figs. 2
sampling. This preliminary operation is called the
“threshcld correcticon.”

A post-sampling data voltage Vin is added to the
gate of the drive transistor Md after the threshold
correction. Therefore, the gate-to-source voltage Vgs
changes to “Wth + Vin” and is maintained at this level.
The drive transistor Md turns on according to the
magnitude of the data voltage Vin. If the drive
transistor Md doss not easily turn on because of its
large threshold voltage 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 voltage Vth from the drive curreni, thus
maintaining the drain current Ids {(drive current Id)
constant for the constant data voltage Vin.

00421

Further, a “mobility correction” (driving

capability correction to be precise} is performed, for

example, before the data sampling and after the threshold
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and 3, the drive transistor Md has a path between its gate and source or
drain of the drive transistor 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 contrgllifg; ¢ o
whether or not to pass a current through this path. Then, the organic
light-emitting diode OLED emits light as it is driven by this constant
current. [0043] <Pixel Circuit 3> Fig. 5 illustrates a modification example

of the pixel circuit 2 which takes into account the above

charging-dischar%ln Jpath during the mobility correction. In the pixel circuit
ShSWh W Eig B, The hoidling capacitor Cs is connected between the gate

and source,of the drive Yansistar e ather hanbetween the gateand..,

drain of the drive transistor Md as illustrated in"Fig. 3. The pixel circuit in
Fig. brisddentical ta that indign28-5Q9R309:- 3n-atherganfigurations It
should be noted, however, that, here, power driving is achieved by driving
thehdrainivaltageaokthetdrivéittansistor-id etiveerehighttevel {exg?, high
potential Vcc H) and low level (low- potential Vcc L such as negative
p@@%ﬁéﬁﬁﬁﬁﬁg%@ﬁ@Wépt' Although not illustrated in Figs. 2

and 3, the drive transisteor Md has a path between its
gate and source or drain of the drive transistor Md. This
path charges or discharges the helding capacitor with the
current supplied via the current channel of the drive
transistor Md. The mobility correction is performed by
controlling whether or not to pass a current through this
path.

Then, the organic light-emitting diode OLED emits
light as it is driven by this constant current.
[0043]
<Pixel Circuit 3>

Fig. 5 illustrates a modification example cf 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
the 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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source drive pulse DS(i) (notation of a first scan signal VSCANZ1(i) shown
in Fig. 1 as a pulse). The same pulse DS(i) is supplied from the horizontal
pixel line drive circuit 41. Further, a video signal Ssig (data potential

Vsig) is sampled by the sampling transistor Ms using a write drivespaksgz3 09
WS(i) (notation of a second scan signal VSCANZ2(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 to that shown in Fig. 5, we assume, for

cqnvenignee of conetele, description given latar, 1hat the.power doving
method shown in Fig.’5 is used. [0044] <Detailed Example of the Display

Contro|> Acdescrptipn-witl-her ghven: of thenepetationofdheveireuit shown
in Fig. 5 during the data write operation together with the threshold
voltage:and ImebitityyZ9 SGORO3B09 torestion @peldtidns. WiEs series of

oggrations are referred to as the "display control.” Figs. 6(A) to 6(F) are
tikfiNG Hiafrarhs illisHALIRG “hretwaveltimdlof gafodLighaieeand vettages

during the displ ntrol, Here, w me th IS written on
Sotgﬁt?£§seéggﬁjéd%h §Eehe§5¥¥%€ %ét%%%%%ﬁ? ugyagoa power

source drive pulse DS{1) (nctation of a first scan signal
VSCANL (i) shown in Fig. 1 as a pulse}. The same pulse
BS{i} is supplied from the horizontal pixel line drive
circuit 41. Further, a video signal Ssig (data potential
Veig) is sampled by the sampling transistor Ms using a
write drive pulse WS{i) (notation of a seccnd scan signal
VSCANZ2 (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 to 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>

A description will be given of the cperation of the

circuit shown in Fig. 5 during the data write operation

together with the threshold voltage and mobility
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a row-by-row basis sequentially during the display control. Therefore, the
first row having the pixel circuits 3(l,)) is the write target row (display row).
As a result, the second and third rows having the pixel circuits 3(2,j) and
3(3,j) are not the target rows (non- display rows) at the point in time;showp
in Fig. 6. 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 a screen to be disg@/ed. Aft]gr a screen is displayed,

R EBE - GBhTBIT5 3685 i HEn ot it ;

_ f itimbBF & imedto tisplay
other sereens n the same. AN, (004ALEIg. 6(A) is a waveform

diagram of the video signal Ssig. Figs. 6(Bl) and 6(B2) are waveform
diagrams efigs30 SQOPQ30% wrjte-drive: pulseWS(Hanckpower gkivearing
pulse DS(I) supplied to the first row to which data is to be written.

Sirhianhy i ger6(C ) and=6(C2)arewaveforardiagrdmsof sadvritérdriviene
pulse WS(2) and power drive pulse DS(2) supplied to the second row to
mﬁﬁﬁp&é@ngqﬂﬁq@%e Here, we assume that data is written on

a row-by-row basis segquentially during the display
cgentrol. Therefore, the first row having the pixel
circuits 3{(1,3}) is the write target row (display row}. As
a result, the second and third rows having the pixel
clrcuits 3(2,3) and 3(3,3) are not the target rows {(non-
display rows} at the point in time shown in Fig. &. Data
is written to the display row through the display control
shown in Fig. 6 which will ke 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, feourth and subseguent rows, thus
allowing a screen to be displayed. After a screen is
displayved, the display control is repeated the demanded
number of times to display other screens in the same
manner.
[0C45]

Fig. 6{(A) is a waveform diagram of the video signal
Ssig.

Figs. ©6(Bl) and 6(B2) are waveform diagrams of a
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written. Figs. 6(Dl) and 6(D2) are waveform diagrams of a write drive

pulse WS(3) and power drive pulse DS(3) supplied to the third row to
which data is not to be written. Fig. 6(E) is a waveform diagram of the

gate potential of the drive transistor Md (potential of the control negerg3oo
NDc) in the pixel circuit 3(l,j) in the first row to which data is to be written.
Fig. 6(F) is a waveform diagram of the source potential of the drive
transistor Md (anode potential of the organic light-emitting diode OLED) in
the pixel circuit 3(l,j) in the first row to which data is to be written. [0046]

[Definitions of the Period illustrated at the, bottom of Fig. 6(F),.Fig. 6
S T B g 0SB A S S Aot ST Hhte than

four times.ane horizontal period,(1H), ofthe NTRC video signal siandard:,

In the last horizontal 31 S09P0309 period (1H), not only the last or third

theeshiald coyrections(V BB butalsodhenobitity earrectiomandaaetusd of

data write (W&u) are performed continuously (main operation) . The three

herizoritabperods ((1H)se3f preceding i operationperféiiéd in

ths&ggaied to the second row to which data is not to be
written. Figs. 6(Dl) and 6(D2) are waveform diagrams of a
write drive pulse WS{3) and power drive pulse DS(3)
supplied to the third row to which data is not to be
written.

Fig. 6(E} is a waveform diagram of the gate
potential of the drive transistor Md (potential of the
control node NDc) in the pixel circuit 3{(l,3) in the
first row to which data is to be written.

Fig. 6(F) is a waveform diagram of the source
potential of the drive transistor Md (ancde potential of
the crganic light-emitting diode CLED) in the pixel
circuit 3{1,3) in the first row to which data is to be
written.

[0C46]
[Definitions of the Periods]

Ag illustrated at the bottom of Fig. 6(F), Ffig. 6
shows the waveform diagrams over a time span about

slightly more than four tTimes cne horizontal period (1H)

of the NTSC video signal standard. In the last heorizontal
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horizontal period (1H) are spent on performing the threshold correction
twice in advance so that the correction progresses to a certain extent.

This is done in consideration of the fact to initialization and that the final

- threshold correction may be too short to correct the threshold propedyozcs
(preliminary operation). With the high resolution of the display image
progressing and the display panel drive frequency already extremely high
today, the display control as shown in Fig. 6 is unable to complete all
operations from the threshold voltage correction to data write within a

short opg hpf%pnt%'ooﬁer&ﬁéﬂ'ﬂ}l J hereforg,. the thrgshald, correction is

pérformed in several steps because of the lack of time available for the
threshald eosrectionc iy sherldshe poted, hwever; thatdt oneharizontal

period (1H) is enough for the main operation as in small- and
medivmsized display- panéls; onersomzortal-pedod ¢bH) rmay Heyerioagh
to perform the initialization for the preliminary operation. Of course, the
pr%m%ﬁéﬁ‘mz S0GPE3D0* B efatiorT ATty lasP foritadshdrizéntar péfiods

(2Hl) Jhore than four horlzontal perlods% %When the main operatlon
is condeuc%eéqfor S cBrtaln TBW tHe prefiminary Bperafion can e ©

periormed in, parallglfor the next (ang, ng@Sgﬂug@&@s@Mﬁs&W&
threshold correction twice in advance so that the
correction progresses to a certain extent. This is done
in consideration of the fact to initialization and that
the final threshold correction may be teoo short to
correct the threshold proﬁerly {(preliminary operation}.
With the high resolution cf the display imags

progressing and the display panel drive frequency already
extremely high today, the display control as shown in Fig.
6 is unable to ccomplete all operations from the threshold
voltage correction to data write within a short one
horizontal period (1H). Therefore, the threshold
correction is performed in several steps because of the
lack of time available for the £hreshold correction. It
should be noted, however, that 1f one horizontal period
(IH) is encugh for the main operation as in small- and
medium-sized display panels, one horizontal period (1IH}
may be enough to perform the initialization for the

preliminary cperation. Of course, the preliminary
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the length of the preliminary operation time hardly affects the display
period as a whole. Rather, the preliminary operation should preferably be
conducted in a sufficient manner to ensure positive completion of the
threshold voltage correction. (0047) The above classification is baggd ©faq
fixed measure, i.e., one horizontal period (1H). However, it is also
possible to functionally understand the roughly four horizontal periods
shown in Fig. 6(F). More specifically, as illustrated at the top of Fig. 6(A),

a light emission period (LMO) for the screen preceding by one field (or

frame) is followed by the "preliminary operation.” The preliminar:

o FBb O TS At ire Hof 1o CHC Hntaiai6n Fagd AR,
fist threshald gorrection period {YTGA); Jirst stapdby period (WAT1),
second threshold correction period (VTC2) and second standby period
(WAT2) The:pretiminaty:operadionds dallawed bydhe'smin33 S09PH309,
operation.” The main operation includes, in chronological order, a third
thresholdlcorrectivnrperiod/ (WFES), tthind standby perds {WAT 3pand
writing and mobility correction period (W&p) . The main operation is

folBweH 1Sy allight @iRiskior perdd (EVPESRY e pi@t Brcuits i RE[ TR T

the length of the preliminary operation time hardly
affects the display period as a whole. Rather, the
preliminary operation should preferably be conducted in a
sufficient manner to ensure positive completion cof the
threshold voltage correction.

[6047]

The above classification is based on a fixed
measure, iL.e., one horizontal period (1H). However, it is
also possible to functionally understand the roughly four
horizontal periods shown in Fig. 6(F).

More specifically, as lllustrated at the top of Fig.
6({A}, a light emission pericd {(LMG) 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
paeriod (INT), first threshold correction period (VICL:,
first standby period (WAT1l), second threshold correctiocn
pericd (VTCZ) and second standby pericd (WATZ). The

preliminary operation is followed by the “main
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the first row. [0048] [Outline of the Drive Pulse] Further, reference

symbols TO to T21 are shown as appropriate in the waveform diagrams

of Fig. 6 to denote different times. Next, the video signal and drive pulse
will be outlined with reference to these times. In the case of the writg girtven o
pulse WS(I) supplied to the first row, four sampling pulses (SPO to SP3),
which are inactive at low level and active at high level, appearin a

periodic manner. At this time, these pulses (SPO to SP3) occur at

constant intervals throughout the preliminary operation (time TO to time
T15 an maln,,op%atlo <iﬂ/(ﬁ}an‘ter time 'I;Llor} It shgul(gi be noted however

t ch 1
that the write drive pulse %(I%n the malnlonp%ratlon has a wave orr%@ijﬁca

whicha-write pylse:(\WE) is added after- the fourth. samplingulse (SR3)q
[0049] On the other hand, the video signal Ssig is 34 S09P0309 supplied

todhemiseyeral bundred ty onedheusand angnsevetal hindred)-videoion
signal lines DTL(j) (refer to Figs. 1 and 5) The same signal Ssig is
suppliedsirtitdtaheoudhe todhe mvided signal finés DRw§-ntinea 1ight
S iRy A g N Fg D e P e 51,5y in

the first row.

(00481

[Outline of the Drive Pulse]

Further, reference symbols TO to T2l are shown as
appropriate in the waveform diagrams of Fig. & to dencte
different fimes. Next, the video signal and drive pulse
will be ocutlined with reference to these times.

In the case of the write drive pulse WS(1) supplied
to the first row, four sampling pulses (3P0 to SP3),
which are inactive at low level and active at high level,
appear in a periodic manner. At this time, these pulses
{SP0 tc SP3) occur at constant intervals throughcut the
preliminary operation [(time TG to fime T15) and main
operatiocn {after time T15). It should be noted, however,
that the write drive pulse WS(1l) in the main operation
has a waveform in which a write pulse (WP) is added after
the fourth sampling pulse (8P3).

10049]

On the other hand, the video signal Ssig is
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amplitude Vin reflecting the data voltage obtained after the sampling of

the video signal Ssig corresponds to the peak value of a video signal

pulse (PP) which appears repeatedly in the second half of one horizontal
period (1H). This peak value is relative to an offset potential (Vo) whighs 4
appears in the first half of one horizontal period (1H) . The signal

amplitude Vin will be hereinafter referred to as the data voltage Vin. Of

the several video signal pulses (PP) shown in Fig. 6(A), the write pulse

WP and the video signal pulse (PPx) appearing during the main operation
is essential for the first row. This pulse coincides in time with the write

pUEBRWAY The pésk Valtiésfihe'vibet Sighalt puReS (PR Tt et the

offs t n the. in_operatio ray level to
?g%ola%e liwér'(lgldr; héé\;;l%ln%a éﬂl g %[lhe data viitage%gn T%s%
gr@yalgaels(r.vlr@h@aya%ﬂbel@%@ for ;all pixelsjnthecfirst raw(fafneous iy
monochrome display). Normally, however, this level changes according to
thec35: 509 G30L (graydewel dfithedisplayipixebront. kg s6dsiniended
primarily to describe the operation of one of the pixels in the first row.
Heweweér the dhvihg ofCther pikeldin'ible same rowlis irfitselt Eontrolled

in parallel with the driving of the smgledplxel |IIustrated in Fig. 6 except
amplitude Vin reflécting th ta voltage obtained after

the sampling of the video signal Ssiqg corresponds to the
peak value of a video signal pulse (PP) which appears
repeatedly in the second half of one horizontal period
(1H). This peak value is relative to an offset potential
(Vo) which appears in the first half of one horizontal
pericd {(1H). The signal amplitude Vin will ke hereinafter
referred to as the data voltage Vin.

Of the several video signal pulses (PPF) shown in
Fig. 6(A}, the write pulse WP and the videc signal pulse
{PPx} appearing during the main cperation is essential
for the first row. This pulse coincides in time with the
write pulse (WP). The peak value of the video signal
pulse (PPx)} relative to the cffset potential (Vo) in the
main operation corresponds tce 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 moncochrome display).

Normally, however, this level changes according to the
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that the display gray level may be different between the pixels. [0050] The
power drive pulse DS(1) applied to the drain of the drive transistor Md
(refer to Fig. 5) is maintained at inactive low level as illustrated in Fig.
6(B2) from time TO to immediately prior to the beginning (time T&),gtthg, o
first threshold correction period (VTCI). The inactive low level is, for
example, the reference voltage Vcc L (e.g., negative voltage). Then, the
power drive pulse DS(I) changes to active high level (e.g., high potential
Vcc_H) almost simultaneously with the beginning (time T6) of the first
threshold correction period (VTC1) The same pulse DS(@)1 is maintained at

tHERgh FotB At AT VideH Ukt e eﬁi‘j"bﬁlth’é‘i‘@ht emisi ﬁ)érl&& EW?
0051] As.i | F| DI d 6(D2
054} psdlystategin Eigs, S1GD. 6(C2), 610D apd. B cs.are

aSplle(ftot e pixe gircuits In the secon angthlr rows

3@@%’@%@%g@SPgs;t.lve!yowgb@rqeh@yeofgqqafhggzg@t%eﬁgedﬁka15 in
More specifically, the first sampling pulse (SPO) for the initialization

petied (BNE) is@ppliedito the secHnebiowr ftamadime TeionTT duringwhicte
the second sampling pulse (SP1) for the first threshold correction period
(VRS Y)isg of the single pixel illustrated in Fig. & except
that the display gray level may be different between the
pixels.
[0050]

The power drive pulse DS(1l) applied to the drain of
the drive transistor Md (refer to Fig. 5) is maintained
at inactive low level as illustrated in Fig. 6{B2) from
time TO to immediately priocr to the beginning {time T6)
of the first threshold correction periocd (VICl). The
inactive low level is, for example, the reference voltage
Vee L {(e.g., negative voltage). Then, the power drive
pulse DS{1} changes to active high level (e.g., high
potential Vec H) almost simultaneously with the beginning
(time T6) of the first threshold correction period (VIC1).
The same pulse DS{1) is maintained at the high potential
Vee H until the end of the light emission period (LM1).
[0051]

As illustrated in Figs. 6{Cl), 6{CZ), &(Dl) and
6(D2), the pulses are applied to the pixel circuits

3{(2,3) and 3(3,3j) in the second and third rows
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applied to the first row. While this pulse is applied, that is, at time T6, the
power drive pulse DS(I) for the first row changes to high level (high
potential Vcc H), which activates this pulse. [0052] Then, the second
sampling pulse (SP1) is applied to the second row with a delay of %%0309
horizontal period (1H) from that applied to the first row from time ‘F 0
T12 during which the third sampling pulse (SP2) for the second threshold
correction period (VTC2) is applied to the first row. During the same time
period, the first sampling pulse (SPO) is applied to the third row with a
delay of two horizontal periods ((1H) x 2) from that applied to the first row.
WHIRFRIS pUId s “pplied, Hfatds, &kifecT II°the Povier diivetpdisél =) -

O o serand fou cenges o Nghicuo g B Nco e

pulse (SPP) is appliedq sthe sagand taw yilh a delay, of pe forizontal,, ,

period (1H) from that applied to the first row from time TI5 to TI7 during

whigrtheifedrthssanpling pulse(SR3) fof thee second sampiing pulse
{5P1) for the first threshold correction period (VICl) is
applied to the first row.

While this pulse is applied, that is, at time Té¢,
the power drive pulse DS{l) fcr the first row changes to
high level (high potential Vec H), which activates this
pulse,

(00521

Then, the second sampling pulse (8P1l) is applied to
the second row with a delay of one horizontal period (1H)
from that applied to the first row from time T10 to T12
during which the third sampling pulse (SP2} for the
second threshold correcticn period {VICZ) is applied to
the first row. During the same time period, the first
sampling pulse (SPO} is applied te the third row with a
delay cof two horizoeontal pericds ({1H) % 2) from that
applied to the first row.

While this pulse i1s applied, that is, at time T11,
the power drive pulse D3{2) for the second row changes to

high level (high potential Vcc H), which activates this

pulse.
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third threshold correction period (VTC3) is applied to the first row. During
the same time period, the second sampling pulse (SP1) is applied to the
third row with a delay of two horizontal periods ((li) x 2) from that applied
to the first row. While this pulse is applied, that is, at time T16, the

drive pulse DS(3) for the third row changes to high level (high potential
Vcce 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 horizontal periods
latdF AS far as the main operation is concerned, it is conducted on a

row-by oy basi 1,3 sepnlgss manner, Therelore there. s nowaste of,

time except for the first severa izontal periods.

Because the display screennarmally includes several:hundred fo one 1)
thousand and several hundred rows, one to several horizontal periods

diiring the display bf cane-scraen isinegligibly smath. Therefars; thereris?

substantially no time loss even when the threshold

during which the fourth sampling pulse (5P3) for the
third threshold correction period (VTC3) is applied to
the first row. During the same time period, the second
sampling pulse (SP1} is applied to the third row with a
delay of two horizontal periods ({1H) x Z) from that
applied to the first row.

While this pulse is applied, that is, at time T16,
the power 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 horizontal 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 periods.
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correction is performed in several steps. [0055] A description will be given
next of the changes in potential of the source and gate of the drive
transistor Md shown in Figs. 6(E) and 6(F) and the operation associated
with these changes when the pulses are controlled as described above.:z oo
This description will be given for each of the periods shown in Fig. 6(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 3(1,))

in the first row shown in Figs. 7(A) to 9(B), graph of the change in the

source po@gl&g@ Quer tggggpgyvrg &F €fgﬂ|n t% e>§ll§nator ]q agram of

the main operation of the pixel circuit 3(l,)) e first Vow own In Figs.

13A)e=11 () andalsedoptber drawings sueh as Figa9. 100814t s,

Emission Period for the Previous Screen (LMO)] For the pixel circuit 3(l,))
incthe first rEewethel 3950980309 wwite dilivedpuiseyVE(L) isiatjdawlevel
as illustrated in Fig. 6(BI) during the light emission period (LMO) for the
séreenspreceding by eneifidll bi oiicframe Barlierithan, tieTO is
(hereinafter referred to as the Prewous screen). As a result, the sampllng

UaHE%EﬁQQgﬁé%ﬁ %&tﬁ&me 0ss even when the threshold

correction is performed in several steps.
[0055]

A description will be given next of the changes in
petential of the source and gate of the drive transistor
Md shown in Figs. 6(E) and &(F) and the operation
associated with these changes when the pulses are
controlled as described above. This description will be
given for each of the periods shown in Fig. 6{A).

It should be noted that, here, reference will be
made, as approprilate, to the explanatcry diagram of the
preliminary operation of the pixel circuit 3(1,3) in the
first row shown in Figs. 7{A) to 9(B), graph of the
change in the source potential Vs over time shown in Fig.
10, explanatory diagram of the main coperation of the
pixel circuit 34{1,3) in the first row shown in Figs.
11{(A) to 11{C) and also tc other drawings such as Fig. 5.
[0056]

[Light Emission Period for the Previous Screen {(LMO}]

For the pixel circuit 3(1,3) in the first row, the
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time, on the other hand, the power drive pulse DS(1) is at the level of the
high potential Vcc H as illustrated in Fig. 6(B2). [0057] At this time, as
illustrated in Fig. 7(A), the organic light-emitting diode OLED is emitting
light according to a data voltage VinO. The same voltage VinO isski)eglgog)o9
after being fed to the gate of the drive transistor Md by the data writ€
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 equation shown in Fig. 4 according to the
gateifersslireBeveliade VS (ot thésdrivie ransistoreMdateld by wer dbfding ™
capacitor Cs. [0058], [Discharge Period (D-CHG)] The processes adapted
to'diSplal ‘& hew &cresd b%}“?l(%é%ﬁo%bsﬁﬁ@%eﬁﬁﬁhﬁgl JCAR bedir froht

time.TQ in Fig. 6. At time. TO. the.harizontal pixel line drive circuit. 4
(rrgf%ﬁ%“ﬁé?%c%rﬁ#g@g%g Séweé?%%%e%|§§%§(%%“%ore§atﬂﬂe%@hé“an

patentiakryfc ikl thesreferencerpotential oV ess L @sdllustrated.in kg, 6682),
. In the drive
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 Vcc H as illustrated
in Flg. &{B2).
[0057]

At this time, as illustrated in Fig. 7(A), the
organic lLight-emitting diode OLED is emitting light
according to a data voltage Vin(0. The same voltage Vin0
is held after being fed to 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-source
voltage Vgs of the drive transisﬁor Md held by the
holding capacitor Cs.

[0058]
[Discharge Period (D-CHG}]

The processes adapted te display a new screen by
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transistor Md, the potential of the node which has been functioning as the
drain until that time is sharply pulled down to the reference potential Vcc

L. As a result, the relationship in potential between the source and drain

is reversed. Therefore, the node which has been functioning as tg% ﬁ;%iglog
serves as the source, and the node which has been functioning as the
source as the drain to discharge the charge from the drain (however,
reference symbol Vs remains 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 period of
tif e GuARGWHIER e EGFARNPABWS i FévEri@irettion thidlghthe same

transistor Md is. written as the dischar eriod (D-CHG) in Fig. 6. [0059,
When thescrdlbe e s Bghe AR ot e o gl e oot

(drain, potential in the pragtical, 41,20920309 .oneration) of the drives (4

transistor Md discharges sharply from time TO as illustrated in Fig. 6(F),
causingihe same potestial s todediineclose te die: low potentialnyee 1.

At this time, if the low potential Vcc L is smaller
Vece L as illustrated in Fig. 6(BZ2). In the drive
transistor Md, the potential of the node which has been
functioning as the drain until that time is sharply
pulled down to the reference potential Vcc L. As a result,
the relationship in potential between the source and
drain is reversed. Therefore, the node which has been
functioning as the drain serves as the source, and the
node which has been functioning as the source as the
drain to discharge the charge from the drain (however,
reference symbol Vs remains unchanged as the source
potentiall.

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

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

When the discharge periocd (D-CHG) begins, the

source potential Vs (drain potential in the practical
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than the sum of a threshold voltage Vth oled. and a cathode potential
Vcath of the organic light-emitting diode OLED, i.e., Vcc L < Vth oled. +
Vcath, then the same diode OLED will stop emitting light. It should be
noted that the potential of the video signal Ssig is pulled down froasthe)zgg
data potential Vsig to the data reference potential Vo prior to the end

(time Ti) of the discharge period (D-CHG), as illustrated in Fig. 6(A).
[0060] At time TO, the sampling transistor Ms is off as illustrated in Fig.
7(B), causing the control node NDc to float. As a result, the gate voltage

of the%]l“ gn§ stor Md de ines from tim (3 |hustrated n| Fég;
6(%3 Cf [Ini itialization E’erlod (fﬁ?‘ﬂllﬁextrt & write signal scan Cir réuit’
42 (referton Figodchangesthewite QHVQ:%‘.!S% WS(D) fromslowwtq.,42
S09P0O309 high level at time Tl as illustrated in Fig. 6(B1), thus supplying
thedfirtst sampling4ulse (8BQ)dethegateofethe:samplingdransisiar Ms.
At time Ti, the discharge period (D-CHG) ends, initiating the initialization
petfod {UNT).
At this time, if the low potential Vecc L is smaller
than the sum of a threshcld voltage Vth oled. and a
cathode potential Vecath of the organic light-emititing
diode QOLEBR, i.e., Vcc L < Vth oled. + Vcath, then the
same diode OLED will stop emitting light.
It should be noted that the potential of the video
signal Ssig is pulled down from the data potential Vsig

to the data reference potential Vo prior to the end (time

T1) of the discharge period (D-CHG), as illustrated in

At time TO0, the sampling transistor Ms is off as
illustrated in Fig. 7(B}, causing the control node NbDc to
float. As a result, the gate voltage Vg of the drive
transgistor Md declines from time TO as illustrated in Fig.
6{E} .

(0061}
[Initialization Period (INT)]
Next, the write signal scan circuit 42 (refer to

Fig. %) changes the write drive pulse WS(1l) from low to
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[0062] In response to the application of the sampling pulse (SPO) at time
Ti, the sampling transistor Ms turns on as illustrated in Fig. 7(C). As
described earlier, the potential of the video signal Ssig is changed to the
data reference potential Vo by time Ti. Therefore, the sampling transistos , o
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 jllustrated in Fig. 6(E). [0063] The samplin
S S S Shtin i %, (B3 oS TEANTa T o it it

when 3 sufigient ime has elagsed.for he ganveraence of he potential,

thus turning off the sampling transistor Ms. As a result, the
gatrof shadrivetransistor Md flaats until time T5 when the sampling

transistor Ms turns on the next time. The sampling transistor Ms is
controlled &g turiren Tdgainfat tiries Fhaalgrost«at the sametime asdlae end
of the first horizontal period (1H). Further, the same

initiating the initialization period (INT).

f00ez2] |

In response to the application of the sampling
pulse (SP0) at time Tl, the sampling transistor Ms turns
on as illustrated in Fig. 7(C}). As described earlier, the
potential of the video signal Ssig is changed to the data
reference potential Vo by time Tl. Therefore, the
sampling transisteor 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,
o converge to the data reference potential Vo, as
illustrated in Fig. 6(E).

[0063]

The sampling pulse (8P0) shown in Fig. 6(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 transistor Ms. As a result, the
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transistor Ms turns on again so that the video signal pulse (PP) in the first
horizontal period (1H) fits into the period of time from T2 to T5 (refer to
Figs. 6(A) and 6(Bl)). [0064) If this is viewed from the standpoint of the
sampling pulse (SPO), the duration of the same pulse (SPO) (timg k8.
T2) adapted to raise the write drive pulse WS(I) 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 samplin%tr_ansistor Ms turned off, there is a wait until time T4

whghIh8 varlaftion'ih Boterftiaf of tie vito'dighariint® b () Byrtheities™
sighal pulse: (RF) ec@:%%sTihsl,ec”dratﬁEn%JP?éh%éeEHan%%@p@@%e?}"Se

(SP1) is activated to sample the data reference potential Vo again. 44

S09PO3091Ehiscontial preventsithe datapotentialvVsigiafdhe video . on
signal Ssig to be erroneously sampled at time T5 when the second

samplingpulse (SP1) is:activated: Itskoularize noted thatras ilkustrated in
Fig. 6(E), the gate voltage Vg is already at the data
the first horizontal period (I1H). Further, the same
transistor Ms turns on again so that the video signal
pulse (PP} in the first horizontal period {1H) fits into
the periocd of time from T2 to T5 (refer to Figs. 6(A) and
6(BLl)}.
[0084]

If this is viewed from the standpoint of the
sampling pulse (SF0), the duration of the same pulse
(SPDY (time T1 to TZ2) adapted to raise the write drive
pulse WS({l) 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 walt until time T4 when the wvariation in
petential of the video signal line DTL(3)} by the video
signal pulse (PP} ends. Then, at time T5, the second

sampling pulse (SP1l) is activated to sample the data

reference potential Vo again.
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reference potential Vo when the second sampling begins at time T5. In
general, therefore, the gate voltage Vg barely changes although the
second sampling may make up for an extremely small loss caused, for
example, by leak current. [00651 Going slightly back to the descrgﬁlggb
made on the time axis, the sampling transistor Ms turns on at time T1
a result of the application of the first sampling pulse (SPO). 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 capacitor Cs declines to_"Vo - Vcc L" (Fig. 6(F)). This
decline is Catged By thel factaHat e &i@ﬁh&ﬁj@sﬁ&%ﬁ%ﬁg 7B has

pggged th e source E_tppt gtial \é% dgc\évn t;?,rtheel&‘ﬁ‘é Botesnéial yé: _Ié K
the vol¥age Reld" 8y he ofcﬁng capacﬁor sié resxfricte%pﬁyt e gate

velage Vg relative.to the low poteptial Vee, Li.sHhat is<asthe gatg voltage
Vg drops to 45 S09P0O309 the data reference potential Vo, in conjunction
with this, the veliage held hytha hatding capaciton Ss-alseddropsrand
converges to "Vo - Vcc L" as shown in Fig. 7(C). It should be noted that
tHid hield vokage t¥ovolcaktisnone etheralvan e yate-te-saurce

voltage Vgs. Unless
reference potential Vo when the second sampling begins at

308
as

and. that
time

time TH. In general, therefore, the gate voltage Vg
barely changes although the second sampling may make up
for an extremely small loss caused, for example, by leak
current.

[0065]

Going slightly back to the descripticn made on the
time axis, the sampling transistor Ms turns on at time TI1
as a result of the application cf the first sampling
pulse (SP0). When the gate voltage Vg of the drive
transistor Md converges Lo the data reference potential
Vo as illustrated in Fig. 6{(E}, in conijunction with this,
the voltage held by the holding capacitor Cs declines to
“Wo - Vec L” (Fig. 6(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 Vcc L and
that the voltage held by the holding capacitor Cs is
restricted by the gate voltage Vg relative to the low

potential Vee L. That is, as the gate voltage Vg drops to
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the same voltage Vgs is greater than the threshold voltage Vth of the drive
transistor Md, the threshold voltage correction operation cannot be
performed later. As a result, the potential relationship is established so
that "Vo - Vcc L > Vth." As described above, the preparations for the
threshold correction operation are completed by initializing the ga§@9}?0309
voltage Vg and source potential Vs of the drive transistor Md. [0066]

[First Threshold Correction Period (VTC1)] The sampling transistor Ms
begins to sample the Vo the second time at time T5. Then, when the
power drive pulse DS(I) rises from the VSS level to the VDD level at time
T6las shown eERL 6(B2),thégnitialization pérod(INThehdsninitigtingthis,
the first threshold correction period (VTC1). [0067] The sampling

tranSistor M Fhili 1slonYs SafBIri Ye9SBEPER0T thé Yatd TefeTenes

potential Vo immedi tely@rioIt time ,,T6, the beqinning_of the.fi
thres cﬁg%‘()ﬁ?rregcef}i%n%)erioé) (VT ?[g— eraesfor%} cfﬁ% gjarfegg/ioﬂégg @gj of the

driye fransisior,Mddg electrically fixed at the constant,ydata reference;

potential Vo. -
none other than the gate-to-source voltage Vgs. Unless
the same voltage Vgs is greater than the threshold
voltage Vth of the drive transistor Md, the threshold
voltage correction operation cannot be performed later,
As a result, the potential relationship is established so
that “Wo - Vcc L > Vth.”

As described above, the preparations for the
threshold correction operation are completed by
initializing the gate voltage Vg and source potential Vs
0f the drive transistor Md.

[CO66]
[First Threshold Correction Pericd (VICL)]

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

[0067]

The sampling transistor Ms which is on is sampling
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In this condition, the horizontal pixel line drive circuit 41 (refer to Fig. 5)
raises the power drive pulse DS(l) from low level (= VSS) to high level (=

' VDD) at time T6 as illustrated in Fig. 6(B2) From time T6 onward, the
horizontal pixel line drive circuit 41 maintains the potential of the pewer ;4
supply line to the drive transistor Md at the high potential Vcc H until the
beginning of the processes for the next frame (or field). [0068] As the
power drive pulse DS(1) rises, the "VDD - VSS" voltage is applied

between the source and drain of the drive transistor Md. This causes the

d@ln Célrrent Idts to flow throgeqﬁrx]ttheldrive transigtor Mg from the gower
stipply"The drai chrrent RIS charges the sotirce of the Ydive fanstdr™e

Mg thus, pushing,up the spurse peiential Vs asjllysirated,in £ig, 6(F). As

a result, the gate-to- source voltage Vgs (voltage held by the holding

capagiter Cs)of the drive-transisiorMe which has taken o the4dne
50990309 value "Vo - Vcc_L" up until that time declines gradually (Figs.
6(E)Lard 6(E))s [0069] Adhisstimes the soaiceyofithesdrive: transistoniidais:
not charged very quickly by the drain current Ids. The

data reference potential Vo.

In this condition, the horizcontal pixel line drive
circuit 41 {(refer to Fig. 5) raises the power drive pulse
DS (1) from low level (= V33) to high level (= VDD) at
time T6 as illustrated in Fig. 6(BZ}. From time T6 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
beginning of the processes for the next frame {or field).
(0068}

As the power drive pulse DS{l) rises, the “VDD -
VSS” wvoltage 1s applied between the source and drain of
the drive transistor Md, This causes the drain current
Ids to flow 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 scurce potential
Vs as illustrated in Fig. 6(F}. As a result, the gate-to-

source voltage Vgs (voitage held by the holding capacitor

Cs) of the drive transistor Md which has taken on the
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reasons for this will be given below with reference to Fig. 8(A). As
illustrated in Fig. 8(A), a gate bias voltage applied to the gate voltage Vg

of the drive transistor Md is not very large because this voltage is

restricted by the data reference potential Vo. Therefore, the drive 55514509
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 5%3U|t, the source patential Vs does not readily increase (second

reasony. Stilf further“the samping puISE TSP Mustte tefirfktad 4t tikve
T7 é{\ihgigl‘] is; pggorggg‘n% Zl'kg) \M\en the video signal Ssig changes to the

data potential Vsig the next time (refer to Fig. 6(B1)). Therefore, the
chargamy time of the source potential Vs is not sufficient (third 48
50920309 reason). [0070] Assuming that the second sampling pulse
(SP1) shown whEig. (B, carmkast forasufficiently longtmer beyoad simeid
T7, the source potential Vs of the drive
is not charged very guickly by the drain current Ids. The
reasons for this will be given below with reference to
Fig. 8(A).

As illustrated in Fig. 8(A), a gate bias voltage
applied to the gate voltage Vg of the drive transistor Md
is not very large because this voltage is restricted by
the data reference potential Vo. Therefore, the drive
transistor Md is only siightly on, that is, is on with
only limited driving capabillity (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
source potential Vs does not readily increase {(second
reason).

S5till further, the sampling pulse (SP1l) must be
terminated at time T7 which is before time T8 when the
video signal Ssig changes to the data potential Vsig the

next time (refer to Fig. 6(Bl)}. Therefore, the charging

time of the source potential Vs is not sufficient (third
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transistor Md (anode potential of the organic light- emitting diode OLED)
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
Fig. 10). That is, the source potential Vs should stop increasing vgg%%élg%g
gate-to-source voltage Vgs (voltage held by the holding capacitorCs
exactly matches the threshold voltage Vth of the drive transistor Md.
[0071] [First Standby Period (WAT1)] Practically, however, time T7
comes before the convergence point is reached. This terminates the
duration of the sampling pulse (SP1), thus terminating the first threshold
c period (VTC1) and initiating the first standby period (WATL1).
Mﬁ%;@ﬁcificauy, when the gate-to-source voltage Vgs of the drive
transistor Md becomes equal to Vx| (> Vth), that is, when the source

potential Vs, Lirapsistar Md ri "o - VI from I Wy ooon
potential A%%%%%l(?g(%ﬁ \}{:cgﬁ%%rt.i%%kﬁ%sﬁﬁ%%\i{%gth eslhgc()%ld &%ﬁjé%tio?]

period (Y TQpends as shown ipFig, 10, Atitbis:time (time, 37),; the
voltage Vx1 is held by the holding capacitor Cs. [0072] When the first
threstiold cormectivh, petied §¥TCdy potential Vs of the drive

transistor Md (anode potential of the organic light-
emitting dicde QLED} begins to increase from time T6 and
continues fto do so over time and eventually converges to
“Wo - Vth” {curve CV shown by a dashed line in Fig. 10).
That is, the source potential Vs should stop increasing
when the gate-to-scurce voltage Vgs (voltage held by the
holding capacitor Cs} exactly matches the threshold
voltage Vth of the drive transistor Md.

[0071]

[First Standby Period (WATZL)]

Practically, however, time T7 comes before the
convergence polnt is reached. This terminates the
duration of the sampling pulse (5P1l}), thus terminating
the first threshold correction pericd (VICLl) and
initiating the first standby periocd (WAT1).

More specifically, when the gate-to-source voltage
Vgs of the drive transistor Md becomes egual to Vxl (>
Vth)y, that is, when the source potential Vs of the same

transistcr Md rises to “Wo - Vxl” from the lcw potential
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ends, the sampling transistor Ms turns off. This places the gate of the

drive transistor Md, which has been electrically fixed at the data reference
potential Vo, in an electrical floating state. From time T7 onward,

therefore, as the source potential Vs rises, the potential of the gate,(g); 9
in a floating state capacitively coupled to the source will also rise (Figs.
6(E) and 6(F)). As a result, in the present example, the source potential

Vs becomes larger than the target convergence point "Vo - Vth" (refer to
Fig. 10) at the end (time T10) of the first standby period (WATT). On the
other hand, the gate-to-source voltage Vgs remaijns unchan%e,d as

iljStFated MFigs 6 (E) and 8(F) * [0073]) AL P the hitiliZhfich TEtderans
descried gatlier, It isnecessany. \%Waitgfw the \iteg slonal AeRdPE) [0

elapse In the first standby period (WAT1). Theretore, this periodis ca

the standhy period in 50R09P 308 thissesped. Howeveroa relatively
long standby period as that lasting from time T7 to T10 permits the gate
valtege Vg to increase. Further, the gate-to-source voltage Vgs does not
converge to the threshold voltage Vth as described above.

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

From time T7 onward, therefore, as the source
potential Vs rises, the potential of the gate {Vg) in a
floating state capacitively coupled to the source will
also rise (Figs. 6(E) and 6(F))}. As a result, in the
present example, the source potential Vs becomes larger
than the target convergence point “Wo - Vth” {(refer fto
Fig. 10} at the end (time T10} of the first standby
period (WAT1). On the other hand, the gate~to-source
voltage Vgs remains unchanged as illustrated in Figs.
6(E} and 6({F).

[0073]

As in the initialization period (INT) described

earlier, 1t is necessary to walt for the video signal

pulse (PP) to elapse in the first standby period (WAT1).

Therefore, this period is called the “standby period” in
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In Fig. 6(E), the increment of the gate voltage Vg during the first standby
period (WAT1) is denoted by reference symbol Val. Letting the increment
of the source potential Vs contributing to the increase in the gate voltage
Vg through bootstrapping action via the coupling capacitance (holdigg ;4
capacitor Cs) be also denoted by reference symbol Val, the source
potential Vs becomes equal to "Vo - Vx| + Val" at the end (time T10) of

the first standby period (WAT1) (refer to Fig. 8(B)). Therefore, it is
necessary to bring the gate potential back to the data reference potential
Vo, i.e., the initialization level, and perform the threshold voltage

cohtEEtGT ABaI: [007) TEekond ThreBholF CorrettionTarsH (VISP
the.opsyation.example.oLhe preseps; embodien, erefose, the same
% ra the fi ﬁres

. e
processes as those performe uring rstt 0] correcﬁon perlod

(VEehand first rstandby nesiod (WATH:0f theareyigus horizontal-period
51 S09P0309 (1H) (time T5 to T10) are performed during the next
horizontad pergedddkl (time Ti0tedds). dhatls, thersehond threshatek:
correction period (VTC2) and second standby period (WAT2) are
p&fbBriedds ive Rexe ldrizohtal period (1H).

In Fig. 6(E), the increment of the gate voltage Vg
during the first standby pericd (WAT1) is denoted by
reference symbol Val., Letting the increment of the source
potential Vs coeontributing to the increase in the gate
voltage Vg through beootstrapping action via the coupling
capacitance (holding capacitor Cs) be alsc denoted by
reference symbol Val, the source pctential Vs becomes
equal to “Wo - Vxl + Val” at the end {time T10) of the
first standby periocd (WAT1l) (refer to Fig. 8(B)).

Therefore, it is necessary to bring the gate
potential back to the data reference potential Vo, i.e.,
the initializaticon level, and perform the threshold
voltage correction again.

[0074]
[Second Threshold Correction Period (VTC2}]

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

standby period (WAT1l) of the previous horizontal period
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However, the gate-to-source voltage Vgs (holding voltage held by the
holding capacitor Cs) reduces to "VxI" at time T10 when the second
threshold correction period (VTC2) begins. This "VxI" is smaller than "Vo -
Vcce L" which is a relatively large value assumed by the gate-to-s 680405
voltage Vgs (voltage held by the holding capacitor Cs) at time T5 when

the first threshold correction period (VTC1) begins. [0075] When the
sampling transistor Ms turns on at time NO as the sampling pulse (SP2)
rises as illustrated in Fig. 6(Bl), the gate voltage Vg (= Vo + Val) of the
drive transistor Md is connected to the video signal line DTL(j) at a lower

pdteitiall (28 This Equddd b Alfeme EoREERBndING FthiS Bifféfehice

(Val) to flow from the gat the drive fransjstor to the video signal
Ii\réeO }I_J)‘FEG;Q,I%W? r?d: %ﬁ)eg ng%(g E/olfg[g%n ?/g%ﬁw%otor%e dataTPF‘rlgféréﬁée the
Patential Veras Wistrated,in Eig. 8(¢),,Ihe yariatiopin pofental (Val) of
the gate of the 52 S09P0309 drive transistor Md is fed to the source of

the-sametransision M viar the, beldiag capasition 6s@ang agate-to- source
parasitic capacitance Cgs of the same transistor Md, thus pulling down
thecsoureetpotentialivvs. Thé decrement of the source potential Vs at this

However, the gate-to-source voltage Vgs {(hclding
voltage held by the holding capacitor Cs) reduces o
“Vxl” at time T10 when the second threshold correction
period (VTC2) begins. This “Wx1” is smaller than “Wo -
Vee L” which is a relatively large value assumed by the
gate-to-source voltage Vgs {(voltage held by the holding
capacitor Cs) at time T5 when the first threshold
correction period (VTCLl) begins.

[C075]

When the sampling transistor Ms turns on at time
T10 as the sampling pulse (8P2) rises as illustrated in
Fig. 6{Bl), the gate voltage Vg (= Vo + Val) of the drive
transistor Md is connected to the video signél line
DTL(4) ét a lower potential (Vo). This causes a current
corresponding to this difference {(Val}) to flow from the
gate of the drive transistor Md to the video signal line
DTL{j), forcing the gate voltage Vg down to the data
reference potential Vo as illustrated in Fig. B(C}.

The wvariation in potential ({vVal) of the gate of the
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time is denoted by reference symbol "g*Val." Here, the capacitive

coupling ratio g is expressed as g = (Cgs + Cs)/(Cgs + Cs + Coled.)

where Cgs represents the gate-to- source parasitic capacitance, (Cs) the
same reference symbol as the holding capacitor Cs and represerggé@%mg
capacitance thereof, and Coled. represents the capacitance of the

organic light-emitting diode OLED. Therefore, the source potential Vs
drops by "g*val" to "Vo - VxI + (1 - g)Val" from its immediately previous
level or "Vo - VxI + (1 - g)Val." The capacitive coupling ratio g takes on a
value smaller than 1, as is clear from the definition equation. Therefore,

tHE AFEn ge Aga/att BF tRE s ddrcESPotential ¥'s SRRl e thiEkPthe &fange

(Val) of the gate voltage Vg. [0076] Here, if the gate-to-source voltage .
VoA S VAP, Lo Bl T ASGT WRT T et i e e

thrgghold @%i\éﬁfho;fcﬁga%%@&%”%égoré\éd e drain qurrentids., .
flows as illustrated in Fig. 8(C). The 53 S09P0O309 drain current lds

attempts io flpwiunti dhe strivertransistor Mdgoes-inte cutedf. as a result of
the source potential Vs of the drive transistor Md becoming equal to "Vo -
Vth." In th&opedatiorexamplé oflthe present enilsodimentVhoweveh the
sampling pulse (SP2) ends at
time 15 denoted by reference symbol “g*Val.” Here, the
capacitive coupling ratio g is expressed as g = (Cgs +
Cs)/(Cgs + Cs + Coled.) where Cgs represents the gate-to-
source parasitic capacitance, (Cs) the same reference
symbol as the holding cepacitor Cs and represents the
capacitance thereof, and Coled. represents the
capacitance of the organic light-emitting diocde OLED.
Therefcre, the source potential Vs drops by “g*vVal” to
“Wo - Vxl + {1 - g)val” from its immediately previous
level or “Wo -~ Vxl + {1 - g)vVal.”

The capacitive coupling ratio g takes on a value
smaller than 1, as 1s clear from the definition eguation.
Therefore, the change “g*Val” of the source potential Vs
igs smaller than the change (Val) of the gate voltage Vg.
[0076]

Here, if the gate-to-source voltage Vgs (= "“Vzl -(1
- g)val”y 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. 8{C). The
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time T12 when the gate-to-source voltage Vgs becomes equal to "Vx2"
(where VX2 is large enough to satisfy the condition Vx| > Vx2 > Vth), as
illustrated in Figs. 6(E) and 6(F). As a result, the sampling transistor Ms
turns off. The voltage held by the holding capacitor Cs at time T i§‘90309
"Vx2." [0077] [Second Standby Period (WAT?2)] The second standby
period (WAT2) begins from time T12. During the second standby period
(WAT2), the sampling transistor Ms is off, causing the gate voltage Vg to
electrically float, as during the previous first standby period (WAT1). As a
result, as the source potential Vs rises, the gate voltage Vg will also rise
(refEriorFigh OTAY) t HEWe vt L i EffeEPof therinErdaisk ifsotehtidFof the
gate voltage Vg bootstrappin% effect) is_not very large because the

gald -5 Sotrcd volthgs Vs at the B4 S00P0309 begitming of thE sEdHs’
et e Pl i M bacsr i e e 7 .
voltgge Vg ingrease oniy, slighth: {0048] example of the present
embodiment, however, the sampling pulse {(SP2}) ends at
time T12 when the gate-to-source voltage Vgs becomes
equal to “WxZ” (where VxZ 1is large enough to satisfy the
condition Vx1 > Vx2 > Vth}, as illustrated in Figs. 6(E)
and 6{F). As a result, the sampling transistor Ms turns
off. The voltage held by the holding capacitor Cs at
time T12 is “Wx2.7
[0077]
[Second Standby Period (WATZ)]

The second standby period (WATZ} begins from time
T1Z.

During the second standby pericd (WATZ2), the
sampling transistor Ms is off, causing the gate voltage
Vg to electrically float, as during the previous first
standby period (WAT1). As a result, as the socurce
potential Vs rises, the gate voltage Vg will also rise
(refe: to Fig. 9(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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More specifically, letting the increment of the source potential Vs resulting
from the flow of the drain current Ids during the second standby period
(WAT2) in Fig. 9(A) be denoted by reference symbol Vat, the source
potential Vs becomes equal to "Vo - Vx2 + Vat" at the end of the stagdhy,
period (time T15 in Fig. 6). 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 holding capacitor Cs. As a result, the gate voltage

Vg will also increase by the same increment or the potential Va2. It

should be noted, however, that the increment "Va2" of the potential of the

gaR VSRV Ts Ficsmafigrtharr e Pitrément 874" S6F thefpstentiar
th f ' he,first standb iod ATT il ted in,Fig. 6(E)..
etesuing v sany poled (AT syl e AL .

irestold Corré € "main operation
begins fram time- 115, Jpifiating the: third threshald correction peyiod.
(VTC3). 55 S09PO309 The same processes as those performed during
thessecond thyesheldcoreeddionpernadtYT¢2) are performed during time
T15 to T17 the third threshold correction period (VTC3). However, the
gdtetté8source voltage Vgs (voltage

More specifically, letting the increment of the
source potential Vs resulting from the flow of the drain
current Ids during the second standby period (WAT2) in
Fig. 9(A} be denoited by reference symbol VaZ, the source
potential Vs becomes egual to “Wo -~ VxZ + VaZ” at the end
of the standby pericd (time T15 in Fig. 6}. This increase
in the source potential by “VWal” is transferred to the
gate in a floating state via the gate-to-source parasitic
capacitance Cgs and heolding caepacitor Cs. As a result,
the gate voltage Vg will also increase by the same
increment or the poctential Vaz. It should be noted,
however, that the increment “Wa2” of the potential of the
gate voltage Vg is far smaller than the increment “Val”
of the potential thereof during the first standby pericd
(WAT1) as 1llustrated in Fig. 6(E).

[0079]
[Third Thresheold Correction Period (VIC3}]
The “main operation” begihs from time T15,

initiating the third threshold correction period (VIC3).
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held by the holding capacitor Cs) reduces to "Vx2" at time T15 when the
third threshold correction period (VTC3) begins. This "Vx2" is even

smaller than "VxI" which is a relatively large value assumed by the

gate-to- source voltage Vgs (voltage held by the holding capacitorséigsg&log
time T10 when the second threshold correction period (VTC2) begins.

The description of the basic operation will be omitted to avoid

redundancy. The description of the second threshold correction period
(VTC2) is applicable to the third threshold correction period (VTC3) by
replacing "Val" with "Va2" and "VxI" with Vx2." This is also obvious from

the comparROreBEEdPERP BE) Hhd- IKiG S0 ) " [0oBnt & shisdinhehe

noted that the third threshold correction period, (VT.C3) differs from the
SR T I RS A6 STt (ORGGA VS (A e

by the holding capacitor, Cs) pecomes equal o, the 56 S09PQ309 ; .,

threshold voltage Vth by time T17 when the third threshold correction
peHed LM TE3)ends, as illustrated in Figs. 6(E) and 6(F). Therefore, the
drive transistor Md goes into cutoff when the gate-to-source voltage Vgs
becomes Egquattorthettheeshidld voltageWtle Frofntdis: Vas (voltage

held by the holding capacitor Cs) reduces to “Wx27 at
time T15 when the third thresheold correction period
{(VTC3) begins. This “Wx2” 1is even smaller than “Vx1”
which is a relatively large value assumed by the gate-to-
source voltage Vgs (voltage held by the holding capacitor
Cs} at time 710 when the second threshold correction
pericod (VTCZ) begins,

The description of the basic operation will be
omitted to avoid redundancy. The description of the
second threshcld correcticn period (VICZ) is applicable
to the third threshold correction period (VIC3} by
replacing “Val” with “WaZ” and “Wx1" with Vx2.” This is
alsc obvious from the comparison between Fig. 8(C) and
Fig. 9(B).

{00801

It should be nocted that the third threshold
correction period (VTC3} differs from the second one
(VITC2) in that the gate-to-source voltage Vgs (voltage

held by the holding capacitor Cs) becomes equal to the

5%



moment onward, the drain current Ids will not flow. At this time, the

source potential Vs of the drive transistor Md is "Vo - Vth." [0081] As

described above, the threshold voltage correction performed a plurality of

times (three times in the present example) with a standby period 95%'9@89

therebetween permits the voltage held by the holding capacitor Csto

converge in a stepped manner. In the course of the convergence, the

held voltage remains constant during the standby periods 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

séﬁf’ee %ﬂéﬁe‘i@%ﬁ%ﬁd’ SRy VR B Coridider twWis dive Hansistors,
h lar h Id |t T d ther h t Il
PR O ese U TE Aar  Ihe o i dsiaio Vonage

thres age Srmer wit gent Féshold Vo age fias

the,largg gate- FQ}S%G‘? %3"?1*‘5199 Gemmensyrate withhe.n7 S09R0809,

large threshold voltage Vth. In contrast, the latter with the small threshold

vehage &4h hasdthe small gate-t0+seurcervoliagescommensirate;withdthe
small threshold voltage Vth. Therefore, as far as the threshold voltage
itk {goencerged!] itis possiblé te passdhesameanyount From this

moment onward, the drain current Ids will not flow. At
this time, the source potential Vs of the drive
transistor Md is “Wo - Vth.”

[G081]

As described above, the threshold voltage
correction performed a plurality of fimes {three times in
the present example) with a standby pericd 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 voltage remains
constant during the standby pericds and eventually
cenverges to the threshold voltage Vth.

Here, assuming that the gate-to-scurce voltage of
the drive transistor increases by “Win,” then the same
voltage is esqgual to “Win + Vth.” We consider two drive
transistors, one having the large threshold voltage Vth
and another having the small threshold voltage Vth.

The former with the large threshold voltage vth has

the large gate-to-source voltage commensurate with the
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of the drain current Ids through the drive transistor for the same data
potential Vin by canceling the variation in the threshold voltage Vth using
the threshold voltage correction operation. [0082] During the three
threshold correction periods, namely, the first, second and third tl’HSgEB'ﬁjgg
correction periods (VTC1), (VTC2) and (VTC3), it is necessary to“ensure
that the drain current Ids is wholly consumed for it to flow into one of the
electrodes of the holding capacitor Cs, i.e., one of the electrodes of the
capacitance Coled. of the organic light-emitting diode OLED, so that the
same diode OLED does not turn on. If the anode voltage of the same

dibAEISLED R UEHGted DY F8ferdiBe syfb6PV6S thelthfesotd bltagen

th@ﬁgc’fs% lrff%rgnce@pbotl \{th oled, ta}lr:%the cathode voltage thereof

by réferénce symbor V?1eteaq(fvbeati\{)n Stad- a3 vid st~ Must

alwayshold in order forfhe same dioge QLER.lo,femainQff. 28, 14
S09P0309 Assuming here that the cathode potential Vcath of the organic

lighizemifting ginde DLEPsconstantratthes law potentiad Mol {8 Orage

ground voltage GND), the above equation can hold at all times if the

thfeshdld voltager vih oled. isextremelyllarge Howevehdhe dhresholthnt
of the drain current Ids through the drive transistor for
the same data potential Vin by canceling the variation in
the threshold voltage Vth using the threshold voltage
correction operation.
(00821

During the three threshold correction periods,

namely, the first, second and third threshold correction
periods (VICLl), (VTCZ) and (VIC3), it is necessary to
ensure that the drain current Ids is wholly consumed for
it to flow intec one of the electrodes of the holding
capacitor Cs, i.e., one of the electrodes of the
capacitance Coled. of the organic light-emitting diode
QOLED, so that the same dicde OLED doss not turn on. If
the ancode voltage of the same diode OLED is denoted by
reference symbol Voled., the threshold voltage thereof by
reference symbol Vth oled., and the cathode voltage
thereof by reference symbol Vecath, the equation “Woled, £

Veath + Vth oled.” must always hold in order for the same

diode QLED to remain off.



voltage Vth oled. is determined by the manufacturing conditions of the
organic light-emitting diode OLED. Further, the same voltage Vth oled.
cannot be increased excessively to achieve efficient light emission at low
voltage. Therefore, the organic light-emitting diode OLED should
preferably be reverse-biased by setting the cathode potential Veatiy %%8%9 ?
than the low potential Vcc L until the three threshold correction periods
and the mobility correction period, which will be described below, ends.
[0083] [Third Standby Period (WAT3)] A description has been given
above of the threshold voltage correction. In the present operation
example, thésthtésHolevsitdge Eofreeticn i sl wet By blstantiby therdd
for the writing and mability correction (third standby period (WAT3)).

Uie St antt $etond Stindsy Pénoas (WAT 1P afG tWATS), Ei)lrre the
g siandly REriod (AT e ot aeliod ohiand R gme deslongd.

59 S09P0309 simply to*preveh?fﬁe rroneous sampling of the video
sigrak$sig-atam unstable potential during thexwriting -aRd MDY tage

correction performed thereafter. [0084] As illustrated in Fig. 6(Bl), the third

standbyled. is extremely large. However, the threshold
voltage Vih oled. is determined by the manufacturing
conditicns of the corganic light-emitting diode CLED.
Ffurther, the same voltage Vth oled. cannot be increased
excessively to achieve efficient light emission at low
voltage. Therefore, the crganic light-emitting diode COLED
should preferably be reverse-biased by setting the
cathode potentiai Veath larger than the low potential
Vcoce L until the three thresheld correction periods and
the mobility correction period, which will be described
below, ends.
[0083]
[Third Standby Period (WAT3}}

A description has been given above of the threshold
voltage correction. In the present cperation example, the
threshold voltage correction 1s followed by a standby
periocd for the writing and mobility correction (third
standby pericd (WAT3)). Unlike the first and second

standby periods (WAT1) and {(WATZ), the third standby

period (WAT3) is a short pericd of stand by time designed
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period (WAT3) begins at time T17 when the sampling pulse (SP3)
changes from high to low level. In the third standby period (WAT3), the
video signal pulse (PPx) having the data potential Vsig to be displayed

by the pixel circuit 3(l,j) as illustrated in Fig. 6(A) is supplied to thesgi%g: .00
signal line DTL(j) as the video signal Ssig at time T18 during this pérfio
(refer to Fig. 11(A)). In the video signal Ssig, the difference between the
data potential Vsig and data reference potential Vo corresponds to the
data voltage Vin for the gray level to be displayed by the pixel circuit.

That is, the data potential Vsig is equal to "Vo + Vin." The third standby
pERBE tWAT PERISBFtiffeP TR AP hes\AdEs Sighat Sdigts tdAsant at

e g prenil g lewg e duenogia e do
writing, anch mobility. coprection period-(N&n) begins fram.time T19. As
illustrated in Fig. 6(B1), 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

As illustrated in Fig. 6(B1), the third standby
pericd (WAT3) begins at time T17 when the sampling pulse
{8P3) changes from high to low level.

In the third standby period (WAT3), the video
signal pulse (PPx) having the data potential Vsig to be
displayed by the pixel circuit 3{1,]}) as illustrated in
Fig. 6(A) is supplied to the video signal line DTL(jf as
the video signal Ssig at time T18 during this period
{refer to Fig., 11{A})). In the video signal Ssig, the
difference between the data potential Vsig and data
reference potential Vo corresponds to the data voltage
Vin for the gray level to be displayed by the pixel
circuit. That is, the data potential Vsig is equal to “Wo
+ Vin.”

The third standby period (WAT3) ends at time T19
when the video signal S8sig is constant at the data
potential Vsig following the change in potential at time
18.

[0085]

IWriting and Mobility Correction Periocd {(W&u)]
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(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 signal 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 illugtrated, ,
in Fig. 11(B). As a result, the gate voltage Vg is equal to "Vo + Vin." As
the gate voltage Vg rises by the data voltage Vin, the source voltage Vs
will also rise. At this time, the data voltage Vin is not transferred "as-is" to
the source potential Vs. Instead, the source potential Vs will rise only by
the change of the data voltage Vin proportional to the capacitive coupling
ratio g, i.e My*Virt. = Theréfore e soirt e SOtERTAT 78 afet tre didnge
is,equal to Vo - Vth + g*Vin." As a result, the gate-to-source voltage Vgs
OSFI% léllrslvéf%rcélﬁs\iés%glrel\%\'égequal to "(1 - g)Vin + Vth." [0086] Here, a

description will be, given, of the yatiation 61 S09RQ309 due to the makjlity
p. In the three threshold voltage corrections performed up to this point,
thiesdraipclfrent tds wentainssintact han efras resultingfram the mubilige
p each time the drain current Ids flows. However, the error
time 7192 during the application of the video signal pulse
(PPx) for the main coperation. This turns on the sampling
transistor Ms, causing the difference between the data
potential Vsig (= Vo + Vin) of the video signal line
DTL (%) and the gate voltage Vg (= Vo), i.e., the data
voltage Vin, to be fed to the gate of the drive
transistor Md, as illustrated in Fig. 11{(B). &As a result,
the gate voltage Vg is equal to “Wo + Vin.”
As the gate voltage Vg rises by the data voltage
Vin, the source voltage Vs will also rise. At this time,
the data voltage Vin is not transferred “as-is” to the
gource potential Vs. Instead, the source potential Vs
will rise only by the change of the data voltage Vin
proportional to the capacitive coupling ratio g, i.e.,
“g*Vin.” Therefore, the source potential Vs after the
change iz equal to “Wo ~ Vth + g*Vin.” As a result, the
gate-to-scurce volitage Vgs of the drive transistor Md is
equal to “(1 - ¢g)Vin + Vth.”
[ooge]

Here, a description will be given of the wvariation
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caused by the mobility p was not discussed (definitely) in a strict manner
as problematic because the variation in the threshold voltage Vth was
large. At this time, the description was given by writing the voltages

simply as "Val" and "Va2" to represent the results rather than US'rs]89t98309

capacitive coupling ratio g. This was done to avoid complication
associated with describing the variation in the mobility. As already
explained, on the other hand, the threshold voltage Vth is held by the
holding capacitor Cs after a threshold voltage correction performed in a
strict manner. If the drive transistor Md is turned on thereafter, the drain
cUtfént-rRis SR réfaih tinéhdnged irrespective of the magnitude of the
threshold \éolta%e Vth. Therefore, assuming that the voltage held by the

holding capacitorCE1hate-t LESERR Jolf8g& 3/455) ChahGe51aue to the
gg%%m@&'%st the time.of e condygtion, of the.drive fransistor Md

er the threshold voltage correction, this amount of change aV (positive

062 S09R0309, negative) reflects notonly theyakatian i the.mobility,p,,
of the drive transistor Md, and more precisely, the mobility which, in a
steigt sensecistehphykieah parameter otithefSemicondustermatetiak bettror
also the comprehensive variation in those factors affecting the
caused by the mobility u was not discussed (definitely)
in a strict manner as problematic because the variation
in the threshold voltage Vth was large. At this time, the
description was given by writing the voltages simply as
“Val” and “Va2” to represent the results rather than
using the capacitive coupling ratio g. This was done to
avoid complication associated with describing the
variation in the mobillity.

As already explained, on the other hand, the
threshecld voltage Vith is held by the holding capacitor Cs
after a threshold voltage correction performed in a
strict manner. If the drive transistor Md is turned on
thereafter, the drain current Ids will remain unchanged
irrespective 0f the magnitude of the threshold voltage
Vth. Therefore, assuming that the veltage held by the
holding capacitor Cs {(gate-toc-source voltage Vgs) changes
due to the drive current Id at the time of the conduction

of the drive transistor Md after the threshold voltage

correction, this amcunt of change AV {(positive or
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current driving capability in terms of transistor structure or manufacturing
process. [0087] Going back to the description of the operation in
consideration of the above, when the data voltage Vin is added to the
gate potential Vg after the sampling transistor Ms has turned on in (!):é 0309
11(B), the drive transistor Md attempts to pass the drain current Igs,
commensurate in magnitude with the data voltage Vin (gray level),
between the drain and source. At this time, the drain current Ids varies
according to the mobility p. As a result, the source potential Vs is given by
"Vo - Vth + g*Vin + AV," which is the sum of "Vo - Vth + g*Vin" and the
amBeht oF Bhangé KaF Fesdifitrg Froh thé maBiliiAp L (0088] Abthigaimel iy
ordergort@e %rrganic g%ht- emitting diode OLED not to emit light, it is only
nétédsary o St tie CAbHESHSEntiar VRath FPAGvETES Eeording ™ for

example 19 e ata voliage Vin and 63,509P0309 Gapaciivecoupiing

ratio g so that the equation Vs(= Vo - Vth + g*Vin + < Vtholed. +
Veathuissatisfied. Seding-the-cathedeqotential-Veath i advance ase

described above reverse-biases the organic light-emitting diode OLED,
bringingehersame divde. OLED into ahigle factors affecting the
current driving capability in terms of transistor
structure or manufacturing process.
[0087]

Geing back to the description of the operation in
consideration of the above, when the data voltage Vin is
added to the gate potential Vg'after the sampling
transistor Ms has turned on in Fig. 11{B), the drive
transistor Md attempts to pass the drain current Ids,
commensurate in magnitude with the data voltage Vin (gray
level}, between the drain and source. At this time, the
drain current Ids varies according to the mobility p. As
a result, the source potential Vs is given by “Vo - Vth +
g*Vin + AV,” which is the sum of “Wo -~ Vth + g*Vin” and
the amount of change AV resulting from the mobility n.
o088}

At this time, in corder for the crganic light-
emitting diode OLED not to emit light, it is only
necessary to set the cathede potential Vecath in advance

according, for example, to the data voltage Vin and
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impedance state. As a result, the organic light-emitting diode OLED does
not emit light and exhibits a simple capacitive characteristic rather than a
diode characteristic. At this time, so long as the above equation is
satisfied, the source potential Vs will not exceed the sum of the t

voltage Vth oled. and cathode potential Vcath of the organic light-emitting
diode OLED. Therefore, the drain current Ids (drive current Id) is 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
e&&i@éléh‘flé@p&ﬁf&ﬁde“@f tha'drganic Rghtéritihg diede BiggpVs (= Vo
(den t y th& same referen % Syn boé Coled as the parasmcf

capaC| anceg wheh the' s me |o eOFED is reverselblaseé; dlt%at of a

parasitic capacitance (depotgd. by Cgg).existing between the gate and,

source of the drive transistor Md. This causes the source potential 64

SQ9RO300:¥s0fdhe drive-transistorMd torises Afdhistimegthe- dhrashald
voltage correction operation of the drive transistor Md is already complete.

THerefore;tRé drami current 1ds flowirg dhotghtthelsamé dransistoh Md

reflects the mobility u.
impedance state. BAs a result, the organic light-emitting

diode OLED dces not emit light and exhibits a simple
capacitive characteristic rather than a diode
characteristic.

At this time, so long as the above equation is
satisfied, the source potential Vs will not exceed the
sum of the threshold vocltage Vth oled. and cathode
potential Vcath cof the organic light-emitting diode OLED.
Therefore, the drain current Ids {drive current Id} is
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 {(dencted
by the same reference symbol Cs), that of the equivalent
capacitance of the organic light-emitting dicde OLED
{(denoted by the same reference symbol Coled. as the
parasitic capacitance) when the same diode OLED is
reverse-biased and that of a parasitic capacitance
{denoted by Cgs) existing between the gate and scurce of

the drive transistor Md. This causes the source potential
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[0089) As shown in the equation (1 - g)Vin + Vth - AV in Figs. 6(E) and
6(F), as far as the gate-to-source voltage Vgs held by the holding
capacitor Cs is concerned, the change AV added to the source potential
Vs is subtracted from the gate-to-source voltage Vgs (= (1 - g)VinS+ é/agg% 05
after the threshold voltage correction. Therefore, the change AV is%e

by the holding capacitor Cs so that a negative feedback is applied. As a
result, the change AV will also be hereinafter referred to as a "negative
feedback amount."” The negative feedback amount AV can be expressed
by the equation AV = t*Ids/(Coled. + Cs + Cgs) when the organic
ligtt-&rittiRG dicde OLEDS tevctselBiased TR -clehf fiofd this tfuatibe
th&%@%ﬁh ge Ai\{: is a garame;g which changes igF?;]% ortion to the

change of the ‘drain €lrrent [ds” From °EGuAadh feedbatk

amount AN, they,same amount AV.added ta the;source potential Vs is,63
S09P0309 dependent upon thé magnitude of the drain current Ids (this

magnitugde hassa positive;cerelatign with the -magnpitude of the data

voltage Vin, i.e., the gray level) and the period of time during which the

draer cament tds: fioves, il ytime (t) from time T19 to time T20 demanded
[0089]

As shown in the equation (1 - g)Vin + Vith -~ AV in
Figs. ©(E) and 6(F), as far as the gate-to-source voltage
Vgs held by the holding capacitor Cs is 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 vcltage correction. Therefore, the
change AV 13 held by the helding capacitor Cs so that a
negative feedback is applied. As a result, the change AV
will also be hereinafter referred to as a “negative
feedback amount.”

The negative feedback amount AV can be expressed by
the equation AV = £+*Ids/{Ccled. + Cs + Cgs) when the
crganic light-emitting dicde OLED is reverse-biased. It
is clear from this equation that the change AV is a
parameter which changes in proportion to the change of
the drain current Ids.

From the equation of the feedback amount AV, the

same amount AV added to the socurce potential Vs 1z
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for the mobility correction shown in Fig. 6(B1). That is, the larger the gray
level and the longer the time (t), the larger the negative feedback amount
AV. Therefore, the mobility correction time (t) need not always be
constant. Rather, it may be more appropriate to adjust the mobilit 09P0309
correction time (t) according to the drain current Ids (gray level). For
example, when the gray level is almost white with the drain current Ids
being large, the mobility correction time (t) should be short. In contrast,
when the gray level is almost black with the drain current Ids being small,
the mobility correction time (t) should be long. This automatic adjustment
oftRRSHOBIty EBARCHE T TaccHTBinyttotthe giayiavereape Tds
implemented by, providing this functionality, for example, in the write
SUTET SR RS HHArE S G000, HSGRCLA1&aEn Beod (Ehih
The gtina.and mahiliycarection pelog (Wép) 56 SORE30, ends 2t
time T20, initiating the light emission’period '(LMI). The writé pui/se (WP)
ends: at lime £ 20 cturaingraththe sampling transister Ms.and sausingithed s

gate of the drive transistor Md to electrically float.
flows, i.e., time (t) from time T19 to time T20 demanded
for the mobility correction shown in Fig. 6(Bl). That is,
the larger the gray level and the longer the time {t),
the larger the negative feedback amount AV.

Therefore, the mobility correcticon time (t) need
not always be constant. Rather, if may be more
appropriate to adjust the mobllity correction time (t)
according to the drain current Ids {gray level). For
example, when the gray level is almost white with the
drain current Ids being large, the mobility correction
time {t} should be short. In contrast, when the gray
level is almost plack with the drain current Ids being
small, the mcocbility correction time (t) should be long.
This autcomatic adjustment cf the mebility correction time
according to the gray level can be implemented by
providing this functionality, for example, in the write
signal scan circuit 42 in advance.

[0050]
[Light Emission Period (LML) ]

The writing and moblility correction period (W&u)
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[0091] Incidentally, in the writing and mobility correction period (W&p)
prior to the light emission period (LM1), the drive transistor Md may not
always be able to pass the drain current 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 fixed at VO£ 8 %2
if the current level (Id) flowing through the organic light- emitting diode
OLED is considerably smaller than that (lds) 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)
whicteisdbwethy thethreshiold vbitage Vih fiomiofsm Sdine T heeefbre, no
matter how long the mobility correction time (t) is extended, the source
pdt%%%ihr Vs will not exceed the above convergence point. The mobility
should be %}?Ererecte,d by monitorin éhe difference in the._mobility p based

on the différanciin tims demarided 6767 SHIP03YD thHe converddited t
Therefore, even if the data.vallage Vin, clase 1q white that has the .,

maximum brightness is supplied, the end point of the mobility correction
timei (1 is: datermined heforestheiconvergence isashieved. [0092]
[0091]

Incidentally, in the writing and mobility
correction period (W&p) prior to the light emission
pericd (LM1}, the drive transistor Md may not always be
able to pass the drain current Ids commensurate with the
data voltage Vin despite 1ts attempt to do so. The reason
for this is as follows. That is, the gate voltage Vg of
the drive transistor Md is fixed at Vo + Vin if the
current level (Id) flowing through the organic light-
emitting diode OLED is considerably smaller than that
(Ide) flowing through the drive transistor Md because the
gampling transistor Ms 1is on. The source potenitial Vs
attempts to converge to the potential (Vofs + Vin - Vth)
which is lower by the threshold veltage Vith from Vofs +
Vin, Therefore, no matter how long the mobility
correction time (t) 1is extended, the socurce potential Vs
will not exceed the above convergence point. The mobility
should be corrected by monitoring the difference in the

mobility u based on the difference in time demanded for

67



When the gate of the drive transistor Md floats after the light emission
period (LM1) has begun, the source potential Vs of the same transistor
Md is allowed to rise further. Therefore, the drive transistor Md acts to
pass the drive current Id commensurate with the supplied data voltage
Vin. This causes the source potential Vs (anode potential of the o?&gr%wg
light-emitting diode OLED) to rise. After a while, the organic light-emitting
diode OLED is no longer 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 light.
Shorlycafters thelight. enilssioafvegins sthendrive traasistdraMedbistage Vin
saturated with the drain current Ids commensurate with the supplied data
vOHRFE ViR Whehthésae eairreht 18 5Ed) i®biclthtts 3 éénstant
level, the organic light- emitting diode OLED wil|l emit light at the

brigfiness “eormieridiifats with the data Veitage Vin. 68°S06P0300 “fotos)
The ingreasg dn the Angde.natentialof the arganic. light-emigting. diode
OLED taking place from the beginning of the light emission period (LMI)
tojwben the brightness is brought to a constant level is none other than
the

When the gate of the drive transistor Md floats

after the light emission pericd (ILM1) has begun, the
gource potential Vs of the same transistcor Md is allowed
te rise further. Therefore, the drive transistor Md acts
to pass the drive current Id commensurate with the
supplied data voltage Vin.

This causes the source potential Vs {ancde
potential of the organic light-emitting diode OLED} to
rise. After a while, the organic light-emitting diocde
OLED is no longer reverse-biased. As a result, the drain
current Ids begins to flcow through the same dicde OLED as
the drive current Id as illustrated in Fig. 11{C},
causing the same diode OLED to emit light. Shortly after
the light emission begins, the drive transistor Md is
saturated with the drain current Ids comnensurate 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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increase 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 light-emitting diode OLED. The source potential Vs of the _drive
transistor Md becomes equal to "Vo - Vth + g*Vin + AV + AVoled.” ??&8? 02
to Fig. 6(F)). On the other hand, the gate potential Vg increases by the
increment AVoled. as does the source potential Vs 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
sattifate! As a result, the gate-to-source voltage Vgs (voltage held by the
holding capacitor Cs) is majntained at the level during the mabilit

correction (" ~GFVIFF 3oViH- AV®) BRIOUGHBTE BiE- fight erhid<idn %@‘ﬁ%ﬂic
(00, (0094 Duiings e oy, aiselon pergd LU, (e IHVe,0 s ng

S09P0309 transistor Md functions as a constant current source.
resgilt; the i-Vyeharaeteristicroftbe;erganislight: smitling diode QLED: may,

change over time, changing the source potential Vs of the drive transistor
M Howegert the veltage field by thedioldingreapacitoie r than the
increase in the socurce 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
light-emitting diode OLED. The source potential Vs of the
drive transistor Md becomes equal to “Vo - Vth + g*Vin +
AV + AVoled.” (refer to Fig. 6(F)).

On the other hand, the gate potential Vg increases
by the increment AVoled. as does the source potential Vs
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-source voltage Vgs
{voltage held by the holding capacitor Cs} is maintained
at the level during the mobility correction (™“{1 - g} Vin
+ Vth - AV") throughout the light emission period {LML}.
[0094]

During the light emission pericd {IM1l), the drive
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Cs is maintained at "(1 - g)Vin + Vth - 4V," irrespective of whether the |-V
characteristic of the organic light- emitting diode OLED changes over time.
The voltage held by the holding capacitor Cs contains two components,
(+ Vth) adapted to correct the threshold voltage Vth of the drive tg%@sljggog
Md and (- 4V) adapted to correct the variation due to the mobility p:
Therefore, even if there is a variation in the threshold voltage Vth or
mobility p between different pixels, the drain current Ids of the drive
transistor Md, i.e., the drive current Id of the organic light-emitting diode
OLED, will remain constant. [0095] More specifically, the larger the
thrésReIdVotagés \AH el fiote e drivetFansistor Mid veducesitiie - As
source p]c_)%entj%l Vszg%ingghe thresh.olcé voltage correction component (+
vih)'¢6htainedih the held VaitaGges this" 1fcréasint tie S5t e-th-driin
valiaas sadhal he.duain eyitentisdive AUantid) flaws n alargg
amount. Therefore, the drain current Tds remains constant even in 70
SOaRe399, the gvent of/a changedndhe threshold vekltagevih. On the
other hand, if the change AV is small because of the small mobility p, the
voltage heldiythe, holding capagitoh€sdvitl edtinelonly taq sl exterit

thanks to the mobility correction component (- AV)
Cs is maintained at “(1 - g)Vin + Vth -~ AV,” irrespective

9

of whether the I-V characteristic of the organic light-
emitting diode OLED changes over time. The voltage held
by the helding capacitor Cs contains two components, (+
Vith) adapted to correct the threshoeld voltage Vth of the
drive transistor Md and (-~ AV) adapted to correct the
variation due to the mobility p. Therefore, even if there
is a variation in the threshold voltage Vth or mobility p
between different pixels, the drain current Ids of the
drive transistor Md, i.e., the drive current Id of the
organic light-emitting diode QLED, will reméin constant.
[0095]

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

Therefore, the drain current Ids remains constant even in
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contained therein. This provides a relatively large source-to-drain voltage.
As a 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 érb%t})eﬁwsa
mobility . [0096] As described above, the light emission brightness ot thée
organic light-emitting diode OLED is maintained constant so long as the
data voltage Vin is the same even in the event of a variation in the
threshold voltage Vth or mobility p between different pixels, and further
irrespective of the change in |-V characteristic of the drive transistor Md
oVEELIRES 0097 &Differetted’in Pirel'Cirdit orDiffetéATCol0rE>

Assuming the above ?éonfigr&Jration and operation of the pixel circuit, a

descriptiof Wilf Be 8 nekt of ‘thé featlires T8I thé iffételicas n pixel
cirewit, /1. S0920309  configyration for different colors, of the display .,

device according to the present embodiment. The emission color varies
depending en the organie smaterialypaking:up.the organic fim:af therent

organic light- emitting diode OLED. Therefore, adjacent pixels differ in
thanks to the mebility correction component (- AV)
contained therein. This provides a relatively large
gource-to-drain voltage. As a 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 aven in
the event of a change in the mobility u.

[0096]

As described above, the light emission brightness
of the organic light-emitting diode OLED is maintained
constant sc¢ long as the data voltage Vin is the same even
in the event of a variation in the threshold wvoltage Vth
or mobility u between 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 Cclors>

Assuming the above configuration and cperation of

the pixel circult, a description will ke given next of

the features, i.e., the differences in pixel circuit
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configuration including material actually even if they are identical in
equivalent circuit of the pixel as described above. Therefore, a pixel unit
is made up of N (N ? 3) consecutive pixels in the same row. Two pixel
units are identical in configuration when a pixel unit is viewed as @O%iﬁsw
When three primary colors of RGB are used to display a color, 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 three primary colors of RGB are
used to display a color, and that N = 3. As described above, a pixel unit is
a i8R Gt SRading thé sEirétbnfigardtion Mta pitel Array/ fovdispial e
an gébi%@{ cojc%r. 11_ e prggeg;l Em%%dci)@f;?éliﬁ characterized in that "a
spemﬁc colot pixel 0 a%lxe? uriit ias more Sets of pixel circuit elements

including m%dQMgg@airzﬁkstea:mdmrﬁ@ag%&mthtaﬁmciﬁg‘%@lfm@
than other color pixels and has two or 72 S09P0309 more sets theréof."
Thernwumber ohisets’ inpa pixel willsbe bereinafter refesregktgas a "seth:-
count.” It should be noted that a detailed description of the "specific color"
mﬁh@é@ﬁmg1ﬁﬁedqogggp. Therefore, adjacent pixels differ in
configuration including material actually even if they
are identical in equivalent circuit of the pixel as
described above.

Therefore, a pixel unit is made up of N (N = 3)
consecultive 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 color, an arbitrary color is displaved 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 three primary
colors of RGB are used to display a color, and that N = 3.

Az described above, a pixel unit is a minimum unit
having the same configuration in a pixel array to display
an arbitrary color. The present embodiment is
characterized in that “a specific color pixel of a pixel
unit has more sets of pixel circuilt elements including

the drive transistor, holding capacitor and light-

emitting element than other color pixels and has two or
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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-emitting
element (organic light-emitting diode OLED in the present embodiment)

as "pixel circuit elements" as described above. So long as the

"set"-related requirement is satisfied, the pixel circuit may be not GHly&30?
2T1C circuit but also any of the pixel circuits 1, 2 and 3 or any of 4T-IC,
4T-2C, 5T-IC and 3T-1C pixel circuits. It should be noted, however, that

the pixel circuit 3, i.e., the pixel circuit configuration shown in Fig. 5, is

the most preferred of all for a variety of advantages including use of
N=shiannetamadrphoaes SilitomiETwitieh isfa Thattypeithat reddibyiallovis
for expansion of the large screen, for all transistors (TFTs), simple circuit
coiffigtRaticn ek imprehfértdiohdnathvancesst &wsttectiod medhanismee
for the ?reshold voltage, Vth and mapbility p in the pixe] circuit. The .
A& tion Wil e ‘Cortintied BEISW ASSurihgthal te pR&st Cirbhft sHoWF

in /3 §O§EO§9§eEi91a5c§r‘!sed- [0099] In the present embodiment, the
"specific color" is either a "specific color that is susceptible to a dark dot"

orjaispecific color that has the highest relative

Here, the term “set” of pixel circuit elements
reffers to a set that includes at least the drive
transistor Md, holding capacitor Cs and light-emitting
element (organic light-emitting dicde OLED in the present
embodiment) as “pixel circuit elements” as described
above. 8o long as the “set”-related reguirement is
satisfied, the pixel circuit may be not only a 2T1C
circult but also any of the pixel circuits 1, 2 and 3 or
any of 4T-1C, 4T-2C, 57~1C and 37-1C pixel circuits.

It éhould be noted, however, that the pixel circuit
3, 1.e., the pixel circult ceonfiguration shown in Fig. 5,
is the most preferred of all for a variety of advantages
including use of N-channel amorphous silicon TFT, which
is a TFT type that readily allows for expansion cf the
large screen, for all transistors (TFTs), simple circuit
configuration, and implementation in advance of a
correction mechanism for the thresheold veltage Vih and
mobility ¢ in the pixel circuit. The description will be

continued below assuming that the pixel circuit shown in
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luminosity factor.” [0100] As for a "specific color that is susceptible to a
dark dot", statistical investigation on colors and dark dot occurrence rate
show that a certain color may be more 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 presetit°¥0309
inventor has revealed that a dark dot defect or a defect that is not as
severe as a dark dot defect but that leads 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
anmude @nd.eathoee.due to broken wiring in the formation process of the
organic light-emitting diode OLED. Another cause is increased resistance
of[[94rt Bf wiring or contact even if there is no broken wiring. Still another
cause is a_short circuit formed hetween the anode and cathode due to 74

S09P0309" HuSE A AT8S(, HEGAVE Eirent Of the Bfganic fight-eRitting®
digde; QLED flows thrpug hctn?fo%h%rﬂ% cuit and js.consymed therein,

causing no drive current to flow through the organic light-emitting diode
OL&ED o pnly angasufficientameunt.at cueenttofiow thersthrough: i ve

luminosity factor.”
[0100]

As 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 more
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 inventor has
revealed that a dark dot defect or a defect that is not
as severe as a dark dot defect but that leads 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 interrupticn of current flow into the anode
and cathode due te broken wiring in the formation process
of the crganic light-emitting diode CLED. Another cause
is increased resistance of part of wiring or contact even
if there is no broken wiring. Still another cause is a

short circulit formed between the anode and cathode due to
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As 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,j) in
the event of a short circuit formed between the anode and cathode of the
organic light-emitting diode OLED. If dust adheres to the organic SO9P
multi-layered film of the organic light-emitting diode OLED during
formation of the same film, the anode and cathode of the organic
light-emitting diode OLED are electrically connected by a short circuit via
a resistance R due to conductive dust or dust-caused pattern defect. In
this!ease, five draifsedrrentits ffavivg trodgh the Briveeransistoi Md is
divided into the drive current Id flowing through the organic light-emitting

dibtie OLED afd e ditéar RWing S ugh 1he 78sist e R Asctrevt

d%%%nblesd ggﬁlsermége grl'%ln current lds.is a constant current

commensurate 75 S09P0309 wi voltage fed in advance from

vigepssignal: line DH-M): Howevar. fthecurrentlr.develops that flows .,

0309

t

rein,, causi no drive current to flow
th E'Elhe d?ﬁa a

through the resistance R, the drive current Id is lessened, thus resulting in

reducefiflightsemissionubrightness-otthe organielightemittingadiode
OLED

As far as the investigation of the present inventor

is concerned, short circuit is the most frequent cause o
the dark dot or semi-dark dot.
[0101]

Fig. 12 illustrates an egquivalent circuit diagram
of the pixel circuit 3{(i,3) in the event of a short
circuilt formed between the anode and cathode of thé
organic lighi-emitting diode OLED.

If dust adheres to the organic multi-layvered film

£

of the organic light-emitting dicde OLED during formation

of the same film, the anode and cathcecde of the organic

light-emitting diode OLED are electrically connected by a

short circuit via a resistance R due to conductive dust
or dust~caused pattern defect. In this case, the drain
current Ids Fflowing 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 drailn current Ids is a constant current commensurate
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(semi-dark dot defect). The semi-dark dot defect is not conspicuous when
the resistance R is large. However, 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 1d hoF 0309
longer flows through the organic light-emitting diode OLED, thus
developing a dark dot defect. [0102] If the anode and cathode of the
organic light- emitting diode OLED are electrically shorted via the
resistance R due to adherence of dust of a given size, there is a tendency
that the targed dite dust, theendred probabieait is:forthe ancdedand cathede
to become shorted, and that the larger the dust, the smaller the
résistange R of the BhBRFGFouit-bedomeS TS s Probsbl§ taRSel iy the
fact that because the organic, multi-layered film is partially not formed,
Ao 75 o TUsE (RA Anade SR Sindde MEGTE conte i

dirgct.contact ,or, thaugh Aet;come in direct.contact, an glgctrie field

concentrates in this area thus resulting in more leak current in this area.
Aseording de he nvastigatign:of cthe: presesnt inventar,dhere:iscabroad
tendency that a

(semi~dark dot defect).

The semi-dark dot defect is not conspicuous when
the resistance R is large. However, 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
rezistance drops to a certain extent, the drive current
Id no longer flows through the organic light-emitting
diode OLED, thus developing a dark dot defect.

[0102]

If the anode and cathode of the organic light-
emitting diode QLED are electrically shorted via the
resistance R due to adherence of dust cof a given size,
there is a tendency that the larger the dust, the mcre
probable it is for the anode and cathcode to become
shorted, and that the larger the dust, the smaller the
resistance R of the short clrcuit becomes. This is

probably caused by the fact that because the organic

multi-layered fiilm is partially not formed around the
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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 organic light-emitting diode OLED fitade °?
up of a plurality of organic thin films is the smallest in total thickness may
be regarded as a "specific color that is susceptible to a dark dot." When
three primary colors of ROB are used to display a color, which of the

color pixels has the smallest total thickness of the organic multi-layered
filf varied dependity ondactord sdehmstmateriaiand stdiEnaetofthetact
film. On the other hand, the total thickness varies depending on whether

a fight ERREACeMBht SRittdre RiTSSH: B FgRtenfiah&rRehtstrudife s

77.S09P0309 éjsezsg%n%qlgosenhance teﬁmitterdelé%f]tt lisig a reflected, light

COriCeritra are ; 3 ting.. in nore iLeak.
component. T%erefore, It cannot %e md‘i%cnmma er I& Whlcﬁ color plxel

has,the.smallest total thickness, Howeaver, when threepriman,celors, of -
ROB are used to display a color, there is a general tendency that the
the present inventor, there is a breoad tendency that a
dark dot or semi-dark dot defect is likely to develop in
a color pixel whose organic light-~emitting dicde OLED has
a relatively thin organic multi-layered film. This
attests to the fact that the above cause of defect is
correct.
£01031

In this case, the color pixel in a pixel unit in
which the organic multi-lavered film of the organic
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 color that is susceptible to a
dark dot.”

When three primary coclors of RGB are used to
display a color, which cf the cclor 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 structure is
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blue (B) pixel is smaller in total thickness than the other color pixels.
[01041 On the other hand, the "specific color that has the highest relative
luminosity 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. More specifically, human eyes are not equaﬁ
sensitive to the three primary colors of RGB. Instead, they have different
sensitivities (luminosity factors) to the different colors. Relative luminosity
factor is a normalized parameter that represents the ratio of luminosity
factor (unit: 1 m/W) of each of wavelengths to luminosity factor of the
WEGEIFYHT having iher lsighest tieihdsighfactoriB55nmeifi ebtight ares t
507 nm in a dark area). In the case of RGB, human eyes have the
h@ﬂ%@? I?@f&*fﬁ/e mﬁﬁgﬁg‘??actbftf&a@ré%?\ R;-e) Bifire sthernpgely said
rsegégv l?h and |t |s §alfgat£1aE Eurg eans agd Ameilc shavea

9pP0309

fative Iummosffy ?acator 0] que than Sapanese

Th@e&f@&@ﬁ if %Q@ﬁk dot defect develops,ina pixet gf:a pixel yniton a,

screen adapted to display a color,
display a color, there is a general tendency that the

blue (B} pixel is smaller in total thickness than the
other color pixels.
[0104]

Cn the other hand, the “specific coclor that has the
highest relative luminosity factor” is an expression
representing how te determine a color pixel according to
how severely the pixel is affected by a dark dot or semi-
dark dot defect.

More specifically, human eyes are not equally
sensitive to the three primary colors of RGB. Instead,
they have different sensitivities {luminosity factors) to
the different colors. Relative lumineosity factor is a
normalized parameter that represents the ratic of
luminosity factor {unit: 1 m/W} of each of wavelengths to
luminosity factor of the waveleﬂgth naving the highest
luminosity factor (555 nm in a bright area, 507 nm in a
dark area).

In the case of RGB, human eyes have the highest

relative luminosity factor for green (G). ©On the other
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the defect is likely to be conspicuous when the pixel is green (G). When
the pixel is red (R) or blue (B), the defect is unlikely to be conspicuous.
Therefore, when three primary colors of RGB are used to display a color,
it can be safely said that green (G) is the "specific color that has the
highest relative luminosity factor.” [0105] Fig. 13(A) is an equivale?ﬂgl“30309
circuit diagram of a pixel unit illustrating a case in which the blue (B) pixel
with the smallest total thickness of the organic multi-layered film has a
larger "set count" than other color pixels as an example of a "specific
color pixel that is susceptible to a dark dot.” On the other hand, Fig.
13¢B)ds anteduivakent chicait diagrare ofa pixdl Amitdllgstratimgascase in
which the green (G) pixel has a larger "set" count than other color pixels
ad e Bkample bt A Spet it dolBF tHat AL thethighest télatvebnfindSity
fac(_‘lgor;.l" ghgu%géhe larger "set count" is two, this count 79 S09P0309
need only Be?arge'r than the smaller "set count” of one and is an arbitrary

number natlgss than 2. it:should be notedhat althgugh the iset; dogs:nat

contain the sampling transistor Ms, the same transistor may be contained
thefel.pixel unit on a screen adapted to display a color,

the defect is likely to be conépicuous when the pixel is
green (G). When the pixel ig red (R} or blue (B), the
defect is unlikely to be conspicucus. Therefore, when
three primary colors of RGB are used to display a color,
it can be safely said that green {(G) is the “specific
celor that has the highest relative luminosity factor.”
[0105]

Fig. 13{(A) is an eguivalent circuit diagram of a
pixel unit illustrating a case in which the kiue (B)
pixel with the smallest total thickness of the organic
multi-layered film has a larger “set count” than other
color pixels as an example of a “specific color pizxel
that is susceptibie to a dark dot.” On the other hand,
Fig. 13(B} is an eguivalent circuit diagram of a pixel
unit illustrating a case in which the green (G) pixel has
a larger “set” count than other color pixels as an
example of a “specific color that has the highest
relative luminosity factor.”

Although the larger “set count” i1s twe, this count
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[0106] As an example of the case shown in Fig. 13(A), Fig. 14(A)
illustrates main pixel circuit blocks, and Fig. 14(B) blocks on an overlying
layer of the main pixel circuit blocks where the organic light-emitting
diodes OLED are primarily arranged. As shown in these figures, 56'9598309
pixel circuit elements (transistor, capacitor and organic light-emitting
diode) need not be arranged in the same block. In the illustrated example,
the blocks shown in Fig. 14(B) where the organic light-emitting diodes
OLED are arranged are roughly identical in area for all colors of RGB. As
for the blocks shown in Fig. 14(A) where the transistors and capacitors
aReafrapiged, fife 1RUE ¥B) bt bidek Withld tSet chtint COPRTS istarger

than that of each aof other two colors. As described above, arranging

difetent &Rt tirsdit BISTHBRES i differ&TtbISERS isadvantageous in

that it is easier 1o sequie.a,space for ajranging element, circuit elgments, .,
thanks to a larger "set count.” 80 509P0309 [0107] <Examples of Planar

apdr2ectional StrustwesrJHere, & deseriptien withbe given of a-pjanac -
pattern and sectional structure of a pixel circuit with reference to the
dreavings. ftcghioulc e rdtedthat the
[0106]

As an example of the case shown in Fig. 13(A), Fig.
14{A) illustrates main pixel circuit blocks, and Fig.
14{B) blocks on an overlying laver of the main pixel
circuit blocks where the organic light-emitting diodes
OLED are primarily arranged. As shown in these figures,
all the pixel circuit elements (transistor, capacitor and
organic light-emitting diode) need not be arranged in the
same block. In the illustrated example, the blocks shown
in Fig. 14(B) where the organic light-emitiing diodes
OLED are arranged are roughly identical in area for all
colors of RGR. As for the blocks shown in Fig. 14(A)
where the transistors and capacitors are arranged, the
blue (B) pixel block with a “set count” of two is larger
than that of each of other two colors.

As described above, arranging different element
circuit elements in different blocks is advantageous in

that it is easier to secure a space for arranging slement

circuit elements thanks to a larger “set count.”
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red (R) pixel with a "set count" of one will be described here. Therefore,
pixel circuit 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 re%i%lpo 00
[0108] Figs. 15(A) and 15(B) illustrate a planar pattern of the pixe circui%
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(A) is a plan view midway during the
manufacture with the electrodes and organic multi-layered film of the
orgfariic light-emitting diode OLED including the cathode electrode on the
uppermost layer (formed over the entjre surface) omitted. Fig. 16(A) is a

sChETRERC S8 clibnariBi takBH oif Gihe REA i’ Elg*A8{AT Fig. 16(B) is a

schematicectionaladewtaken b Una B-BInFigs, 13(8) and Il 81
S09P0309 [0109] In Figs. 16(A) and 16(B), arf underlying layer 10 (type

obinsulatinglayends founed direstly-qn-ancunshown substrate made, dor
example, of glass or indirectly via other film.
reference to the drawings. It should be noted that the
red (R} pixel with a “set count” of one will be described
here. Therefore, pixel circuit elements are laid out over
the entire layout region for easier viewing of the
drawings. However, if the “set count” must be increased,
a layouﬁ space 1s secured, for example, by expanding the
layout region.
[0108]

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

Fig. 16(A} i1s a schematic sectional view taken on
line A=A in Fig. 15{(A). Fig. 16{B}) is a schematic

sectional view taken on line B-B in Figs. 15{(A) and 15(B).
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In the sectional view shown in Fig. 16(B), a gate electrode 11A is formed
on the underlying layer 10. The gate electrode lIA includes a given gate
metal layer (GM) and contains a high-fusion-point metal such as

molybdenum (Mo). The sectional view in Fig. 16(B) shows where the
drive transistor Md illustrated, for example, in Fig. 5 is formed. AsS09F0303

illustrated in Fig. 15(A), a gate electrode 11D, slightly different in size
from the gate electrode 11A, is similarly formed where the sampling
transistor Ms is formed. [0110] In the sectional view shown in Fig. 16(A),
on the other hand, two layers are formed on the underlying layer 10,
nafelhy? lthe first and second high-fusion-point metal wiring layers 11B
and 11C which include the gate metal layer (GM) provided at the same
hierarchicalleVePand ‘fhiue 67 the SRt materi a8 the gite iecFodd
11A, Theogrsfnhgggg%sion-a%int rrBetaI Wi in&!&yer 11B %r]fd second

higff"%Z u@sion-pomt metal v |ring¥§)}fer ticare spac%%:lraeﬁzar $2°509P0309

within, the, pixel but seatiniieus b%%%&éﬁ%ﬁglaf‘@f‘tc[i?i%%’ ag illustrated
in Fig. 15(A). That is, the first high-fusion-point metal wiring layer 11B

shawhiad=gy b{A) isBernedted .to the second high-fusion-point metal
wiring layer 11C (not shown) in the other unshown pixel

In the sectional view shown in Fig. 16(B), a gate
electrode 114 is formed on the underlying layer 10. The
gate electrode 11A includes a given gate metal layer (GM)
and contains a high-fusion-point metal such as molybdenum
(Mc} . The sectional view in Fig. 16(8) shows where the
drive transistor Md illustrated, for example, in Fig. 5
is formed. As illustrated in Fig. 15(A), a gate electréde
1iD, slightly different in size from the gate electrode
11a, is similarly formed where the sampling transistor Ms
is formed.

[0110]

In the sectional view shown in Fig. 16{A), on the
other hand, twe layers are formed on the underlying laver
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
mace 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 laver 11C are spaced apart
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which is continuous as a pattern on one side in the column direction
(downward from Fig. 15(A)). Similarly, the second high-fusion-point metal
wiring layer 11C shown in Fig. 15(A) is connected to the first
high-fusion-point metal wiring layer 11B (not shown) in the other unshown
pixel which is continuous as a pattern on the other side in the colGimAP 9392
direction (upward from Fig. 15(A)). [0111] A gate insulating film 12 is
formed over the entire surface of the underlying layer 10 to cover the
surfaces of the gate electrode 11A (Fig. 16(B)) and the first and second
high-fusion-point metal wiring layers 11B and 11C (Fig. 16(A)). In the
settignat vidwe showmlinRiy. $6(B),"aPRT feyer<k3A bhtheadve transistor

Md is formed on the gate insulating film 12. The TFT layer 13A is made,
for +&Ramplé S AmBiphotisSsllidon {ofpolysificon fof 22 ehifineFiFETy L

illustrated in.Fig. 15(A TET.I 13B of th ling t jstor Ms i
ot S ek MRS afvug b ekt e Sy
layer A3A; The, T laver 43A shown n, Fio, 16(B)ds doped with an, . . .1

impurity of opposite conductivity type, thus forming source (S) and drain
(Diregions which are separateddtom eachiother The samrdinlds truerfor

the TFT layer 13B.
which is continuous as a pattern on one side in the
column direction (downward from Fig. 15(A)}. Similarly,
the second high-fusicon-point metal wiring laver 11C shown
in Fig. -15{A) is connected to the first high~fusion-point
metal wiring layer 11B (not shown} in the other unshown
pixel which is continucus as a pattern on the other side
in the column direction {upward from Fig. 15(A)).
(01117

A gate insulating film 12 is formed over the entire
surface of the underlying layer 10 to cover the surfaces
of the gate electrode 11A (Fig. 16{(B)) and the first and
second high-fusion-point metal wiring layers 11B and 11C
(Fig. 16(A})).

In the sectional view shown in Fig. 16{(8), a TFT
layer 13A of the drive transistor Md is formed on the
gate insulating film 12. The TFT layer 13A is made, for
example, of amorphous silicon (or polysilicon for P-
channel TFT). As illustrated in Fig. 15(R), a TFT layer

13B of the sampling transistor Ms is formed similarly
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[0112] In the sectional view shown in Fig. 16(A), a contact hole 12A is
formed on the end portion of the first high-fusion-point metal wiring layer
11B in the gate insulating film 12. Similarly, a contact hole 12C is formed
on the end portion of the second high-fusion-point metal wiring layer 11C
in the gate insulating film 12. A total of the two contact holes 12A &fd4%#0°
or one hole for each of the wiring connection sections serve as first
contact holes (1CH) adapted to connect together the high-fusion-point
metal wiring layer and its overlying layer. More specifically, the first
high-fusion-point metal wiring layer 11B has its end portion connected to
ore of theyendiportons 'of an everlyidg sviringdafeir14B veia thecontact
hole 12A. The overlying wiring layer 14B is provided on the gate
insEfatitR¥fm 137t fiddel for EkanifiéBof akirairif (ALY Fuither, the

second high- f%sion-point metal wiring, layer 11C has its end_portion 84
S0GP03Y c8nn8€t%%stjott%ecc%\gF% fﬂvp%rﬁoﬁyéﬁhe SeTlyirg Winkg layer

148 proyided on the gata insylating. fim 12 yia the goaract pole 126 ¢y o
[0113] A supply line of the high potential Vcc H
each other. The same holds true for the TFT layer 13B.
101123

In the sectional view shown in Fig. 16{(A}, a
contact hole 12A is formed on the end portion of the
first high~fusion-point metal wiring layer 11B in the
gate insulating film 12. Similarly, a contact hole 12C is
formed on the end portion of the second high-fusion-point
metal wiring layer 11C in the gate insulating film 12.

A total of the two contact holes 12A and 12B or one
hole for each of the wiring connection sections serve as
first contact holes (1CH) adapted Lo connect together the
high-fusion-point metal wiring laver and its overlyving
layer,

More specifically, the first high-fusion-point
metal wiring layer 11B has its end portion connected to
one 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 film 12 and made, for
example, of aluminum (AL). Further, the second high-

fusion-point metal wiring layer 11C has its end portion
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(hereinafter referred to as the source voltage supply line VDDL) is
provided above the first high-fusion-point metal wiring layer 11B. The
source voltage supply line VDDL is insulated from the same layer 11B via
the gate insulating film 12 and separated from the overlying Wiring Iggggw
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 alternately
apply the high potential Vcc H and Low potential Vcc L to the drain of the
drive transistor Md. Therefore, a branch (denoted by the same reference

symbol VDDL) of the source voltage sugply line VDDL isin
o resistarice Eletttital EBRtact "WitR Thé Tegiohtwhith WLV S the

drain (D) of the TET layer 13A as illustrated in Fig, 15(A). Qn the other
R e e S R e

electrigal contact.with the regiop which will serve as the source (S) of the
drive transistor Md. The upper electrode layer 14D is provided at the

sametlhierarchical level and made of the same 85 S09P0O309 material
(aluminum AL) as the source voltage supply line VDDL. As illustrated in
Fig. 15(A)Athesadte [ayer 14D overlapsithedowet etdctiade Fayer of the
holding capacitor Cs which is continuous from the gate electrode 11A.
THIEPGrfoR bR sthe 8ot Eapatifoh TS RuviFRy 01 tage supply

line VDDL) is provided above the first high-fusion-point
metal wiring layer 11B. The source voltage supply lins
VDDL is insulated from the same layer 11B via the gate
insulating £ilm 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 alternately apply the
high potential Vcc H and Low potential Vec I to the drain
of the drive transistor Md. Therefore, a branch {(denoted
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 13A as 1llustrated in Fig. 15(A}. On the other
hand, an upper electrode layer 14D of the holding
capacitor Cs is in electrical contact with the region
which will serve as the scurce (S} of the drive
transistor Md. The upper electrode laver 14D is provided

at the same hierarchical level and made of the same
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MIS (Metal-Insulator-Semiconductor) structure. [0114] In Fig. 16(B), 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 film 12 ggg?0309
separated from the overlying wiring layer 14B by a pattern. The same line
SAML is 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 SAML is connected to the gate electrode 11D of the sampling

triAsistorMs -t ddediing fyerifia SoEGHaCY ROl PSE SiriehYs tHee

fi ntact hale (1HC .%01 5] The control line SAML is disposed long in
triﬁr%%\i d%gctfo?nlfhsﬁgﬁa &7 with t legs"oJ{r%é[&\gohag}e)esuspa‘nfye |i%8Y€/b|jH__D

Thevideg signal ling RITL () has astiuciure.ip 86-SO9PQ30Y s which the

second high-fusion-point metal wiring layer 11C serves as a lower bridge
attheainiersection wititthei coplret linea SAME(seferrad ta-as the lowehde
bridge structure in the present specification). Similarly, the video signal
lird BTL{ ) has acstiuctorefrrwhicththeholding capacitor Cs having a

MIS (Metal-Insulator-Semicenductor) structure.
[0114]

In Fig. 16(B), a contrcel 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
film 12 and separated from the overlying wiring layer 14B
by a pattern. The same line SAMIL is connected te 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 SAML is connected to
the gate electrode 11D of the sampling transistor Ms in
the underlying layer via a contact hele 12E which is the
first contact hole (1HC).

[0115]

The contrel line SAML is disposed long in the row

direction in parallel with the scurce voltage supply line

VDDL. The video signal line DTL(j) has a structure in
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first high-fusion-point metal wiring layer 11B serves as a lower bridge at
the intersection with the source voltage supply line VDDL (lower bridge
structure). [0116] It should be noted that the overlying wiring layer 14B is
connected, on the pattern, to the drain side of the TFT layer 13B of the
sampling transistor Ms and that an in-cell wiring 14E, made of alurfinbiiy 02
(AL) and making up part of the control node NDc of the drive transistor
Md shown in Fig. 5, is connected to the source side thereof. The in-cell
wiring 14E is electrically connected to the lower electrode layer of the
holding capacitor Cs in the underlying layer via a contact hole 12F which
isviHesTirstieontact dofe (L C) f[0i1cr] 20 plamarizértepfilny 15iis Jormed over C
the entire surface to bury the aluminum (AL) wirings formed as described

ali6vd e, Sthesdiree vottagedsufly T VBISE Soritraitinsl Sanie
O\é%ﬂ igg i/vi in Iagag&ﬂ?& §5e§oggqcso% upper eiectrod%la er 14D and
TAE an Tt by PembU S IEVeT

in-cell wiring planarize the surface by removing the

differences dherehetwegndtefer ta fig.; 16(B)). ﬁ%%bovmmwgi?ﬁ“%
view in Fig. 16(B), an anode contact 15A is formed in a portion of the
video signal line DTL{]j) has & structure in which the
first high~fusion-point metal wiring layer 11B serves as
a lower bridge at the intersection with the scurce
voltage supply line VDDL (lower bridge structure).
[0116]

Tt sheculd ke noted that the coverlying wiring layer
14B is connected, on the pattern, to the drain side of
the TFT 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 NDc of the drive transistor
Md shown in Fig. 5, is connected to the source side
therecof. The in-cell wiring 14E is electrically connected
to the lower electrode layer of the holding capacitor Cs
in the underlying layer via a contact hole 12F which is
the first contact hole {1HC).

01173

A planarizing £ilm 15 is formed over the entire
surface to bury the aluminum (AL} wirings formed as
described above, i.e., the scurce voltage supply line

VDDL, contreol line SAML, overlying wiring layer 14B,
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planarizing film 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 (AE), a protective film 16, an organic
multi-layered film (OML) and a cathode electrode (CE) are deposited in
this order, thus forming the organic light-emitting diode OLED. Thé &fode”
electrode (AE) is formed on the planarizing film 15 and in contact with the
end surface of the anode contact 15A. The protective film 16 is formed on
the anode electrode (AE) and has an opening portion 16A one size
smaller than the anode electrode (AE) . The organic multi-layered film
(OMPFEoverzthesidtectivemilit D6 2THe igathsde etectisde (GE) isfdrmed
in the form of a blanket gver the entire surface of the area occupied b

thBGIRE" 6T 18] T tHer 4655 %63&%’%?a%ra}iﬁy8#séﬁfoﬁ%‘énﬂ>ﬁ/§e

transistor, holding (@Bg‘gprt%ndgg anii% !igpg- emitting diode are provided
only for the color pixel that 88 S09P0309 is the most susceptible to a dark

dot or that hassthehighest-relative-lumingsity fagtor in eagh of the pixel,,
units, thus preventing a dark dot in the subpixel susceptible to a dark dot
oraersigringpthiat a-darkadotss fimcons picuouse Fhisi provides: maproved
wg%tnarizing film 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 (AE), a protective Film 16,
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 planarizing film 15 and
in contact with the end surfazce of the anode contact 15A.
The protective f£ilm 16 is formed on the anode electrode
(AE) and has an opening portion 16A one size smaller than
the anode electrode (AE). The organic multi-layered film
(OML} covers the protective film 16. The cathode
electrode {(CE} is formed in the form of a blanket over
the entire surface of the area occupied by the pixel.
[0118]

In the above embodiment, a plurality of sets of the

drive transistor, holding capacitor and organic light-

emitting dicde are provided only for the color pixel that
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On the other hand, all the pixel circuit elements (transistor, capacitor and
organic light-emitting diode) of each set are not arranged in the same
block (on the same layer) Instead, the ratio of area between the pixels

with different set counts is, for example, smaller on the layer where the

organic light-emitting diodes are formed than on the layer where Gt 0302

pixel circuit 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 circuit between lines. 89 SO9P0O309 CLAIMS 1. A
displait@evies tomprisingia bixdlarrayl ahs pivd! arraycinciuding ache
plurality of regularly arranged pixel units, each of the pixel units including

N'ESHEREbHVE ikeld To BHRHINEN BREGT NTNCF 8f cBlors clBdify R

(oEh8 om0 e g e e vl

C%%@@Qﬂ@f%ﬁghko a dark dot or ensuring that a dark dot is
inconspicucus. This provides improved yield.

On the other hand, all the pixel circuit elements
{transistor, capacitor and organic light-emitting diode)
of esach set are not arranged in the same bleock (on the
same layer). Instead, the ratio of area between the
pixels with different set counts is, for example, smaller
on the layer where the organic light-emitting dicdes are
formed than on the layer where other pixel circuit
elements are formed so as te ensure the best layout
efficiency. This contributes fto improved layout
efficiency and provides appropriate wiring lines and

spaces, thus preventing reduced yield caused by a short

clrcult between lines.
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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>Cdirént ®
controlled by the drive transistor, and 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 90 SO9P0309 elements
including the drive transistor, holding capacitor and light-emitting element
than other color pixels and has twé-6fR6re sets thereof. 2. The display
device of claim 1, wherein the light-emitting element has a multi-layered

film structire for&d b3 5taeRIMGS o BT 6FdRGhode and cathode, a
plurality ofaorlgggglthérll ;i(lﬂms f. materials and thickne§§(§ Ssuitable for

1

emitting light of an intendéd cé]gr 8nd the other of the anode and
cathode, and the totg thickness of the plurality: of erganic, dhinfilms

formed in the specific color pixel that is
units, each of the pixel units including
N ceonsecutive pixels to each of which
cne 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,
a holding capacitor coupled to a light
emissicn control node of the drive transistor to hold a
data voltage fed wvia 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, and
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
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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 thi% ig%
the more sets there are in the other color pixels. 4. The display devicé 0
claim 1, 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 91 S09P0O309 that the green (G) pixel. 5. The
display device of claim 1, wherein if there are the plurality of sets in one of
thel pR&EdlS thersingiéissmplhifig rahststoF i srovided tdBeéd$hared among
the pluraligy of se&s.i& The dis IaLy, device of claim 1, wherein the drive
traRSiators Are Hesignéd respectivelifto” Halethe Shitte ThaRhef o1 o~
conductivity type and.sjze.and the helding gapagitors designed to have
the same capacitance in all the sets provided in the N pixels, and if the
plurality ofdightzemitting elgmeatsiae providediin the.same pixel, the
drive current paths of

the light-emitting element has a multi-layered film

08

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

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 cclor 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
coleor pixels.

4. The display device of claim 1, wherein

the specific color pixel having the highest
relative luminosity factor is the green (§) pixel, and

each of the R {(red) and B {blue} pixels has fewer sets
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the plurality of light-emitting elements are connected in parallel to a drive
voltage supply terminal for separation between the light-emitting

elements. 7. 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 SAdmbeé? °
of sets in the specific color pixel, is approximately equal to the opening
area per pixel of the other color pixels. 8. The display device of claim 7,
wherein if the other color pixels differ in number of sets, 92 S09P0O309

the pixels differ in area so that the opening area per pixel is

apeoxirhtely e sante between the pixels. 93

5. 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.

6. The display device of claim 1, wherein

the drive transistors 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 veltage supply terminal for
separation between the light-emitting elements,

7. The display device of claim 1, wherein

the specific color pixel is larger in area than the
other color pixels sc¢ that the total area of openings of
the light-emitting elements, provided as many as the
number of sets in the specific color pixel, is
approximately equal tc the opening area per pixel of the
other color pixels.

§. The display device of claim 7, wherein

if the other coler pixels differ in number of sets,
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the pixels differ in area so that the opening arsa per

pixel is approximately the same between the pixels.
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