DI SPLAY DEVI CE, METHOD FOR DRI VI NG SAME, AND
ELECTRONI C APPARATUS CROSS REFERENCES TO RELATED
APPLI CATI ONS The present invention contains subject
matter related to Japanese Patent. Application JP
2007-333721 filed in the Japan. Patent . O fice on
Decenber 26, 2007, the entire contents of which being
i ncorporated herein by reference. BACKGROUND OF THE
INVENTION 1. Field of the invention The present
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an active-matrix
display device including light-emitting elements in its
pixels, and a method for driving the same. Furthermore,
the present invention relates to electronic apparatus
including such a display device.
2. Description of the Related Art

In recent years, development of flat self-luminous
display devices employing organic EL (Electro
Luminescence) devices as light-emitting elements is being
actively promoted. The organic EL device is based on a
phenomenon that an organic thin film emits light in

response to application of an electric field thereto. The



Furt hernore, because the organic EL .le: ice is a
self- lumnous elenen that emts light by itself, it
vices not - need an illumnating unit. and thus easily
all ows reduction in the weight and thickness of a

di spl ay device. Moreover, the response spend of the
organi c EL device as very high as about several

m croseconds, which, causes no inage lag in

di spl aying of a noving i mage. Anong the flat self
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device of a related, art. This display device includes
ePikeloraraytpar veighanand peirpresal odr pveligaley Hryice.
drive part includes a signal driver 3 and a wite '
M anieEaT 4. Lhrhec qrin@l sarsrged paf tthe igndandes K gieilice is
l'ines SL disposed al ong the colums and scan |ines W5
i sposedigdlomp tHeoutovss veRi e Itsl c 0 sg@ i spodeitatcadbee s
respective intersections of the signal lines SL and
nche rsean ldagesh WB. siHla& 128 sthowsnoving image.

Among the flat self-luminous display devices
employing the organic EL devices for the pixels,
particularly an active-matrix display device in which
thin film transistors are integrally formed as drive
elements in the respective pixels is being actively
developed. Active-matrix flat self-luminous display
devices are disclosed in e.g. Japanese Patent Laid-Open
Nos. 2003-255856, 2003-271095, 2004-133240, 2004-029791,
and 2004-093682.

FIG. 28 is a schematic circuit diagram showing one
example of an active-matrix display device of a related
art. This display device includes a pixel array part 1
and a peripheral drive part. The drive part includes a

signal driver 3 and a write scanner 4. The pixel array

part 1 includes signal lines SL disposed along the



merely one pixel 2 for easy understanding. The wite
scanner 4 includes shift registers. The shift

regi sters operate in response to a clock signal ck
supplied from the external and sequentially transfer
a start pulse sp supplied fromthe externa
simlarly, to thereby output a control signal to the
scan lines W5 sequentially. The signal driver 3

supplies a video signal to the signal lines SL in
éTEit %G{ nvéﬁt atilh%.ﬁhﬂense W'sseqjgent | al %nm qg’l yrovss Pixels
wite scanner ixel 2 5% u €s

ve tra S|stor T2
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connected to a power supply line and the d:ai
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connected to the lléht emtting element EL. The gate
SRRTRE df | Ve 4Hdarsi Stiort T2 s thies codteolshiditningglisters
thereof is connected to the signal line SL via the
Pl ting 1t reasi @ty tthe salmpth L anahsilstairpligedg from
turned on in response to the control signal supplied
Hfheomxtahe wdnde scamerially tmendiereby tat mangpt esp
the video signal supplied fromthe signal line SL and
amgdleidd firont hendhad:dtewagiacd tnoir1 Gt 1y, Thieo drhareeby output a
transi stor T2 receives, at its gate, the video signa
agritdeEn digyrdie twliheapani tioindd WS sequentially. The
signal driver 3 supplies a video signal to the signal
lines SL in matching with the line-sequential scanning by
the write scanner 4.

The pixel 2 includes a sampling transistor T1, a
drive transistor T2, a hold capacitor Cl, and a light-
emitting element EL. The drive transistor T2 is a P-
channel transistor. The source thereof as one current
terminal thereof i1s connected to a power supply line and
the drain thereof as the other current terminal thereof
is connected to the light-emitting element EL. The gate
of the drive transistor T2 as the control terminal
thereof is connected to the signal line SL via the
sampling transistor T1l. The sampling transistor T1 is

turned on in response to the control signal supplied from

the write scanner 4 to thereby sample the video signal



as a gate voltage Vgs, and causes a drain current |ds
to flowto the light-emtting elenment EL. This causes
the light-emtting element EL to emit light with the
| um nance dependent upon the video signal. The gate
voltage ties refers to the potential of the gate
relative to that of the source. The drive transistor
T2 operates in the saturation region, and the

rel ati onship between the gate voltage Vgs and the
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Vga when it operates in the saturation region. FIG
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to that of the source.
The drive transistor T2 operates in the saturation
region, and the relationship between the gate voltage Vgs
and the drain current Ids is represented by the following

characteristic equation.
Ids = (1/2)p(W/L)Cox(Vgs - Vth)?

In this equation, p denotes the mobility of the drive
transistor, W denotes the channel width of the drive
transistor, L denotes the channel length of the drive
transistor, Cox denotes the capacitance of the gate
insulating film of the drive transistor per unit area,
and Vth denotes the threshold voltage of the drive
transistor. As is apparent from this characteristic

equation, the drive transistor T2 functions as a constant



the drive current ids plotted on the ordinate. M
anode voltage of the light-emtting elenent EL is
equi valent to the drain voltage of the drive
transistor T2. The light-emtting elenent. E.. has a
tendency that its current-voltage characteristic
changes over tine and the characteristic curve
gradually falls down along with tine el apse.
Therefore, the anode voltage (drain voltage) V
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that the drive transistor T2 is not a P-channe
theawsiisteorcusuterdn e Hgnelotttreghsirsttdre  dadimaiye cadés,
f is nore advantageous that all of the transistors
anrcleuded tage tdfe Yhiexellicdrte-dichainmele tanansgi stloriss i n
ternms of the circuit manufacturing process. However,
dauitied egitr i ttheonfaegur atdlaragef 3l Ghe8Qrivedauses idter
drive transistor T2 is an N-channe)
T2. The light-emitting element EL has a tendency that its
current-voltage characteristic changes over time and the
characteristic curve gradually falls down along with time
elapse. Therefore, the anode voltage (drain voltage) V
changes even if the drive current Ids is constant.
However, in the pixel circuit 2 shown in FIG. 28, the
drive transistor T2 operates in the saturation region and
allows the flowing of the drive current Ids dependent
upon the gate voltage Vgs irrespective of change in the
drain voltage. This makes it possible to keep the light-
emission luminance constant irrespective of aging change
in the characteristic of the light-emitting element EL.
FIG. 30 is a circuit diagram showing another

example of a related-art pixel circuit. This pixel

circuit is different from the pixel circuit shown in FIG.



transistor, the drain thereof is connected to the
power supply line and a source S thereof is connected
to the anode of the light-emtting el enent EL.
Therefore, if the characteristic of the
light-emtting el enent EL changes over tine, the
potential of the source Sis affected. and thus Vgs
changes, which leads to aging change in the drain
current ids supplied fromthe drive transistor T2.
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igoridtamLxerniar 4 5P WS G § nit Heerms of the
l'ight,-em ssion | um nance frompixel to pixel, which
qﬂﬁﬁnmﬁ@§ﬂﬂﬁﬁQ§Rﬁﬁﬂﬁ Wfoqdfs screen uniformty. As a
related art, there has been proposed a display device
havi ngHan%umrt,i on ftoe corcadti opndgaiumst iophef FIG. 30,
variation. in the threshold voltage nth. of the drive
da@nsiestidre T ffuweon pince] sttaxr Pixels (arhresttolmhadol t age
correction function). This display device is disclosed
trenselghod, hecrabaire: irentlicned Japarnese: Ratento Lidia-fpen:
No. 2004-133240.
supply line and a source S thereof is connected to the
anode of the light-emitting element EL. Therefore, if the
characteristic of the light-emitting element EL changes
over time, the potential of the source S is affected and
thus Vgs changes, which leads to aging change in the
drain current Ids supplied from the drive transistor T2.
Thus, the luminance of the light-emitting element EL
changes over time. Not merely the characteristic of the
light-emitting element EL but also the threshold voltage
Vth of the drive transistor T2 involves variation from
pixel to pixel. Because the parameter Vth is included in
the above-described transistor characteristic equation,
Ids changes even if Vgs is constant. This results in
variation in the light-emission luminance from pixel to

pixel, which precludes achievement of the screen

uniformity. As a related art, there has been proposed a



Besi de the threshold voltage Vth, the nobility u
of the drive transistor T2 also involves variation
from pixel to pixel. Because the parameter p is
included in the above-described transistor
characteristic equation, 1|ds changes even if Vgs is
constant. This results in variation in the
i ght-em ssion [um nance from pixel to pixel, which
precl udes achievenent of the screen. wuniformty. As a
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is difficult for the related-art nobility correction
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correction anount due to the influence of fluctuation
afn thee doatventtiraln sofsttdre T grado |ikeylwdd chedisatison from
probl em t hat shoul d be sol ved.

pixel to pixel. Because the parameter p is included in
the above-described transistor characteristic equation,
Ids changes even if Vgs is constant. This results in
variation in the light-emission luminance from pixel to
pixel, which precludes achievement of the screen
uniformity. As a related art, there has also been
proposed a display device having a function for
correction against the variation in the mobility p of the
drive transistor T2 from pixel to pixel (mobility
correction function).

In the mobility correction, the optimum correction
amount and correction time differ depending on the level
of the video signal to be written to the pixel
(luminance). It is difficult for the display device

having the related-art mobility correction function to

achieve the optimum mobility correction amount dependent



SUMVARY OF THE | NVENTI ON There is a need for the
enbodi nent of the invention to inprove a nobility
correction function to thereby achieve the optinmm
correction anount dependent upon the |um nance, and
provide a highly-accurate nmobility correction
function free fromthe influence of fluctuation in
the potential of a signal line. According to a node
of the present invention, there is provided a display

VI I ncl uding a pixel, arra co fi d t.o
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lines and arranged in a matrix, and a drive part
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capacitor, and a light-emtting elenent. The contro
frlayqr ekl & cof itheé-hsanp iany- itadares sther 9 igmeonnleigteed whoich is
the scan line, and a pair of current term nal s of
alpiqh%ﬁmiuﬁyttahﬂuﬁdnbﬂ srleregbnnect ed  bet ween t he
signal line and the control termnal of the drive
translator. A current termnal of the drive
transi stor is connected to the light-emtting el ement,
SThavarl drcapaciINIENTSIaonnect ed bet ween the control
termnal of the drive transistor::: and the current
term naheref itha dekve rbrangkatObodeménitve fpaht Raseation
scanner

to improve a mobility correction function to thereby
achieve the optimum correction amount dependent upon the
luminance, and provide a highly-accurate mobility
correction function free from the influence of
fluctuation in the potential of a signal line. According
to a mode of the present invention, there is provided a
display device including a pixel array part configured to
include scan lines disposed along rows, signal lines
disposed along columns, and pixels that are disposed at
the intersections of the scan lines and the signal lines
and arranged in a matrix, and a drive part configured to
drive the pixels via the scan lines and the signal lines.
The pixel includes at least a sampling transistor, a
drive transistor, a hold capacitor, and a light-emitting

element. The control terminal of the sampling transistor



that sequentially supplies a control signal to the
scan line: and a driver that supplies a v ideo signa
to tie signal lines. In the pixel, the sanpling
transistor turned or, in response to the contro
signal to ;:hereby sanple the video signal wite the
video signal to the hold capacitor, and current that
flows through the drive transistor at the tine the
witing the video signal is subjected to negative
feedhac 0, the hold ¢ citor_fromthe current
ltsgr m na%%geoc% 1??mﬁldér is\/%ar?ltofla%es’l s?%# TP ihere yc%]%\]?errift
out correct.i for the. nobility of the drive
iSR! Mhe Selindne ae 5 oy THom iR
drive transistor to the light-emttin el enent
HEPETd rig Ore HhA debt & garféﬂg TSN T gl of the
orrection after the correction. The driver swtches
Cf Ve gotEhtiHOT of & REILEGalt et o tASr eréience
pontential to an internmediate potential before
TRATTHI TRF tie otattied tof thee Signatenitrelne ol sigral
otential of the video signal, for the witing of the
e 5] Frrtaqig-qthel s hetthadpatitorweahet v ararerrol
supplies a first control signal pulse to thereby turn
tereneinh lofdf tiee shmiple ngrangistsistard when ¢hersignadrminal
line is at the internediate potential, and then
suppla ebriares oo iconir ol Téiegnali vepwlase the st besebyiner
turn on and off the sanpling transistor when the
tHgnaleduareiies lat dhi Sighal otterdi adignal to the scan

lines and a driver that supplies a video signal to the
signal lines. In the pixel, the sampling transistor is
turned on in response to the control signal to thereby
sample the video signal and write the video signal to the
hold capacitor, and a current that flows through the
drive transistor at the time of the writing of the video
signal is subjected to negative feedback to the hold
capacitor from the current terminal of the drive
transistor to thereby carry out correction for the
mobility of the drive transistor. A drive current is
supplied from the drive transistor to the light-emitting
element depending on a video signal resulting from the
correction after the correction. The driver switches the
potential of the signal line from a reference potential

to an intermediate potential before switching the



According to the node of the present invention, the
signal driver carries out nobility correction by
switching the potential of the signal line fromthe
reference potential to the internediate potential and
then switching the potential to the signal potential.
Enpl oyi ng such a two-stage system nmakes it possible to
ensure the optimum nobility correction anount
dependent upon the signal potential. The optim zation

poc{térhgfalm& lﬂl{ey SO elCtlli e E-:H.{Dm'lamsi l lacﬁ_ms O Cehr{te'vaelrreoné the
or unttrorm 1 mage ality ree from reaks an
unevenness

.. On_th other.hand,é; scanner suppl.jes
BT NER oo gR B < (e ey i g the
Qgp off the sanplin transistorlwhen the signal |ine
B RtCRHRE L §Heer MEdi ZCEPEEPRLICand tHER ts GHpITires
the second control signal pulse to thereby turn on
S s PUHRE gl P Y riahdt Sorettheétt & He S sidt L inshe
is at the signal ill turning on and off the sanpling
GhdSi Stor Whed de's it nigisnitsh athethswolistegesdiate
systemin this way, the highlyv-accurate nobility
Regrarecitd lon aburterf rewdriod & reedanfd yenterof signal
fluctuation in the potential of the signal |ine can
thel sendigr echettlyy dlu owsorachieveherithefsammi froy miaregiestor
qual ity free fromunevenness such as shading. BRIEF
WDESCRIHRTI<ONrGH THEDRANINGS he signal potential.

According to the mode of the present invention, the
signal driver carries out mobility correction by
switching the potential of the signal line from the
reference potential to the intermediate potential and
then switching the potential to the signal potential.
Employing such a two-stage system makes it possible to
ensure the optimum mobility correction amount dependent
upon the signal potential. The optimization of the
mobility correction amount allows achievement of uniform
image quality free from streaks and unevenness.

On the other hand, the scanner supplies the first
control signal pulse to thereby turn on and off the
sampling transistor when the signal line is at the
intermediate potential, and then supplies the second

control signal pulse to thereby turn on and off the

sampling transistor when the signal line is at the signal
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FIG 1 is a block diagramshow ng the entire
configuration a display device according to an

enbodi ment ¢ the. present invention;, FIG 2 is a
=cud-, diagram show ng one exanple of a pixel

di sposed in the display device shown in .F .[. ii. I.;
FIG 3 is alimng chart showi ng a reference exanple
of the operation of the pixel showmn in FIG 2; FIG 4
i ; a schematic diagram for explaining the operation

ﬁgtéﬂgiélXeEySQQWBﬁP%ngGEn% o%kahé s%m%lﬁ%%qugh%istor

di agram for expl al the operation
; ) t r a
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fore | ai ni n oertlon of the |er 0
i eego%'ﬁf BTt g o b 41 ng
the 0 eratlon f the |er shown in FIG 2; FIG 10
§igngls 5% eagerraﬁﬁlt%t eXplai AhGYENE ChdpErEERENOL
the pi xel shown in Fl%d??eb FIG 11 is a graph for’
f

%Hhulﬁ@%éz%tat framhenssesinatoviiidh aE G
q@é} .2 1s a schematic diagram ramfor explaining
a: :Lng

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the entire
configuration of a display device according to an
embodiment of the present invention;

FIG. 2 i1s a circuit diagram showing one example of
a pixel disposed in the display device shown in FIG. 1;

FIG. 3 is a timing chart showing a reference
example of the operation of the pixel shown in FIG. 2;

FIG. 4 is a schematic diagram for explaining the
operation of the pixel shown in FIG. 2;

FIG. 5 1s a schematic diagram for explaining the
operation of the pixel shown in FIG. 2;

FIG. 6 is a schematic diagram for explaining the
operation of the pixel shown in FIG. 2;

FIG. 7 is a schematic diagram for explaining the

operation of the pixel shown in FIG. 2;
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operation of the pixel showm in FIG 2; FIGS. 13A and
13B are graphs for explaining a two stage system for
nmobility correction; FIGS. 14A and 14B are graphs for
expl aining the two--stage system FIG 15 is a
schematic diagramfor explaining the |oad of a signal
line; 16 is a. timng chart show ng maj or part of
operati on sequence of display device according to a

reference exanple; [':[C,. is a timng chart show ng
oper at 1 7 ;sequence of devi e acco
b an EnBodPrbne of LCRE §PEsHEPATARE Ghe POECar og of

a timn chart expl ai ni ng the. oper ation of
tﬂ?e p&}%epll aﬁ}l F;fI;ng;)oer. ng to the enbodiment; FIG
19 is a_ti m n chart showi ng operation sequence of a
di spl ay Ldevi’c a@cérc&feﬁlﬁttlS gnePrer terpsdrrentiaf the
present invention; FIG 20 is a timng chart show ng

Q%ac;ﬂé%rhtqforﬂtﬁ it dirspitay- Vi e %ccording to the
anot her enbodinent; FIG 21 is a sectional view

showi n§1f:-heO0dévi e sshemetice doporha dogpkapladniieg the
according to the enbodi ment of the present invention;
JFle@atZbn ofa tPleam iview Show ngr tHe nobul e structure

of the display device according to the enbodi nent of

t he FIG. 11 is a graph for explaining the operation of

the pixel shown in FIG. 2;

FIG. 12 is a schematic diagram for explaining the
operation of the pixel shown in FIG. 2;

FIGS. 13A and 13B are graphs for explaining a two-
stage system for mobility correction;

FIGS. 14A and 14B are graphs for explaining the
two-stage system;

FIG. 15 is a schematic diagram for explaining the
load of a signal line;

FIG. 16 is a timing chart showing major part of
operation sequence of a display device according to a
reference example;

FIG. 17 is a timing chart showing operation
sequence of a display device according to an embodiment
of the present invention;

FIG. 18 is a timing chart for explaining the

operation of the display device according to the
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present invention; FIG 23: is a perspective view
showing a television set including the display device
according to the enbodi ment of the present invention;
FIG 24 is a perspective view showing a digital stil
canmera including the display device according to the
enbodi nent of the resent invention; FIG 25 is a

per spective view showi ng a not ebook personal conputer
i ncluding the display device according to the

éﬁq§nj t. of the present invention; FiG 26 is a
schermati ¢ 'di agram showi ng portable term nal apparatus

i ncl udi t di spl devi ce _accordin to the,
erbod Fot | 100f 5t Re APECHnE TP RS eRT P B9 SREFEEIS% | 5
erspective vi ew show a video canera incluyding the
S(%%’;ﬂp%? &&i%@%@i&ydicp?g’%%? t"’\?&oréjr%ﬂ‘t%itﬁ’erﬁmt%er
<enmbodi nent of the present invention; FIG 28 a
Cdiimendi &g RS ARSI o &dnie oi ' . a
related--art display device;, FIG 29 is a graph .
showi n§1&-pFBbienki RikET cepatedhartingdi §prayrgeaiéen of
and FIG 30 is a circuit diagram show ng another
téyeardpl s lofy tdee irasl s rabiindlitspltdye devitder dDERAINEDL;
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nent s
of theFpGesémt isnwestconownklll vihew showing the device
structure of the display device according to the
embodiment of the present invention;

FIG. 22 is a plan view showing the module structure
of the display device according to the embodiment of the
present invention;

FIG. 23 is a perspective view showing a television
set including the display device according to the
embodiment of the present invention;

FIG. 24 is a perspective view showing a digital
still camera including the display device according to
the embodiment of the present invention;

FIG. 25 is a perspective view showing a notebook
personal computer including the display device according
to the embodiment of the present invention;

FIG. 26 is a schematic diagram showing portable

terminal apparatus including the display device according

to the embodiment of the present invention;
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described in detail below wth reference to the
drawings. FIG 1 is a block diagramshow ng the
entire configuration of a display device according to
an enbodi nent of the present invention. As shown in
FIG 1, this display device includes a pixel array
part 1 and a drive part (3, 4, 5) for driving the
pi xel array part 1. The pixel array part _ includes
scan lines W5 along the rows, signal lines SL: along
the colyfms oopixelLs, 2. o05ROSEd AL, b it er 3echi08s
of bot h"the li nes s as to be arrang ed"in a mat
eIpOVJ\_BrCfueCFd l I f ﬁigsﬁp%_ OOY\BVlceS c?lélrdlnneac’so tfh% he

(I
f I Sposed corre on he resp ive T

|xe 2. T r|ve 5 |ncludes a 14

4]6‘? r‘stcaarﬁitﬁ1 eer%tcdﬁh éf? 73 power supply
scanner drive scanner) .5, and a signal driver 3. The
wite Fgganﬁgrlﬁ ge&agﬁ¥95|ﬁgagasa|ﬁﬂgWénaoﬁpﬁo@xample o
signal to the respectlve scan lines W5 to thereby
3 jhre-degeitt disPLlasc e VR pi xel s 2 on a row by-row
basis. The drive scanner 5 provides a supply voltage
that i 16w £&héd abetweensiorilpgt aperentcal landhg

second potential to the respective power fee-: |ines
B aAtedrechidiggpliath dehweldd neendequenti al scanni ng. The
signal driver 3 supplies, to the signal |ines SL

al ong thé.c8l0unsspacsirgnalt pobgmbmalshaging windeher
signal, a reference potential, and an internedi ate
epatreritd alf itharatechd tregl-vdtth dilpldnedevice.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be
described in detail below with reference to the drawings.

FIG. 1 is a block diagram showing the entire
configuration of a display device according to an
embodiment of the present invention. As shown in FIG. 1,
this display device includes a pixel array part 1 and a
drive part (3, 4, 5) for driving the pixel array part 1.
The pixel array part 1 includes scan lines WS along the
rows, signal lines SL along the columns, pixels 2
disposed at the intersections of both the lines so as to
be arranged in a matrix, and power feed lines DS as power
supply lines disposed corresponding to the respective

rows of the pixels 2. The drive part (3, 4, 5) includes a
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sequential scanning, The wite scanner 4 operates in
response to a clock signal Wsck supplied fromthe
external and sequentially transfers a start pul se Wssp
supplied fromthe external simlarly, to thereby
output the control signal to the respective scan
lines W5. The drive scanner 5 operates in response to
a clock signal D3'ck supplied from W external and
sequentially transfers a start pulse DSsp supplied

ddromdhes@xdtpthalyrSidid @il yort o t ha?r]_c?&)'er su%p Scanner
line-sequentially swtch the potentlals of the

feedd ines, B 6 LG, 2 d Ss iy lr G 1Véif a?r ar;f‘]h%h%\@& %

the specific conflguratlon 0 nclu
0 1&95 \V: éﬂb F : sho
B g RS 04 gy o
tt|n el .ement Hht two-term
e% mantt (edlsoC tylpneeselweslrzre (%;{'ﬂ'{%%ar?y e]dlrb%/ seec&len lly
organi.c EL device, an N-channel ing transjstor
F %?%ﬁq% T A T NG D RS and " NoLdS
capac f as a thin f|In1eIenent The gate ':=f
SRR 57 6P, 515 S, T i ont o1 thed
~:rninal_:hereof is connected to the. scan line W8,
Bt tthe gtk R0t 1adk AT oF RaRoshipstigFial to the
transistor Ti as a pair of current termnals thereof
HeSREsHHSE apwey tiredsilgnats (el rsimatanding hel ot Here ilsine-
connected to the gate C of the drive transistor. T2.
s@iegft itthe sspurdecandTleaisngok 1t Heigeirv@ supplies, to the
signal lines SL along the columns, a signal potential as
a video signal, a reference potential, and an
intermediate potential in matching with the line-
sequential scanning. The write scanner 4 operates in
response to a clock signal WSck supplied from the
external and sequentially transfers a start pulse WSsp
supplied from the external similarly, to thereby output
the control signal to the respective scan lines WS. The
drive scanner 5 operates in response to a clock signal
DSck supplied from the external and sequentially
transfers a start pulse DSsp supplied from the external
similarly, to thereby line-sequentially switch the
potentials of the power feed lines DS.

FIG. 2 is a circuit diagram showing the specific

configuration of the pixel 2 included in the display
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tran si.stor. T2 is connecte to the ligh emt ing
el ement FL, and the other is connected to the power'
feed line DS. In the pre ent enbodi nent, the dr ve
transistor T2 is an N-channel t_ r_sistor. The drain
side thereof as one current termnal thereof is
connected to the o,le: feed |lime 'GCS, and. the sou
rce side. thers ol: as the other cu:<rren .. termna
,ereof is connected to the anode side of the

t E T cat.ho of th | ht
c{el nsgpﬂ V{ement |ris f#‘)‘?’e lplg)t"malBr %geterm %h %
cathoqiéapot Vi a2§§ZE%E- Hg¥ca aci t rfﬁi-that He o
tranS| :

current Ler |n5 1 _ther
Germigial %ﬂmﬁer}teo? Hadeneras e%wagt@wﬁaﬁd B g
t hereof. The control scanner 'wite scanner)
%ﬂxﬁﬁﬁﬁq%ﬁl§Lo@?$h?%'tﬁ@ 5oﬁpﬁ8pe§|@ﬁ@Plﬂﬁgtﬁéaﬁﬁ%§§Q¥ T1,
2 having this configuration by switching the

pothermthadine bfdtiie semnddisiesr VIB betvken tH& | Gggcitor C1
potential and the higher potential, to thereby |ine-
asequentiiral iyl ms cdremtane .pi X¥éks g2ten oF b seyw-Liow

basis, The power supply scanner (drive scanner) 5
tsupEiisEson HEL suppley amlttrage tdatinasl swidmched bet ween

a first potential Vcc and a second potential Vss to
ddmnagaspeatd vehgpawem  fieed W3 ne®nBScifn thet chiurg ewiahk

the |ine-sequential scanning. The signal driver 3

Pl IS, tHo ddep lsirgnalraddingsoSITalaong thel cdd iMssrent

signal potential Vsig

terminals thereof is connected to the signal line SL, and
the other is connected to the gate G of the drive
transistor T2. One of the source and drain of the drive
transistor T2 is connected to the light-emitting element
EL, and the other is connected to the power feed line DS.
In the present embodiment, the drive transistor T2 is an
N-channel transistor. The drain side thereof as one
current terminal thereof is connected to the power feed
line DS, and the source side thereof as the other current
terminal thereof is connected to the anode side of the
light-emitting element EL. The cathode of the light-
emitting element EL is fixed at a predetermined cathode
potential Vcat. The hold capacitor Cl is connected

between the source S of the drive transistor T2 as one

current terminal thereof and the gate G thereof as the
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serving as the video signal, a reference potentia
“Jofs, and an internedi ate potential Vofs2 between
the signal potential. v'sig and the reference
potential Vofs in matching with the |ine-sequentia
scanning. in this configuration, the sanpling
transistor Tl is turned on at the rising timng of
the control signal to thereby sanple the signa
potential Vsig and wite it to the hold capacitor C

durin sanpl_i.n eri upt. i i m.n g?e h
e ST e sn Tk ere Eeknprrng er SHEREEor
is tur e%loff. Si_nul -t aneoys! mﬁ&p t he sampl.i ng,, the
EHVER 1 GaHE TrPdUgh THE TS VO (AN ororz s to the
sub'ecte?ltq negat.i ve feedback to the 17 hold

PGS PoP a2 ¥ WHST G ICERTYR G BOF BRI R | ng
to the nnbilia%Hq of the drive transistor T2 for the
pSitGRdi et &t itde WGt s the WP SCapdd tiaved .

That is, the sanpling period severs also as a nobility
redrarecitd lor e rihed Ymg%eprg R ttHe @ rierRr Yo vl i —
through the drive transistor. T2 is subjected to the
seayaritie fleedivsack the ttheelal & capacito G~ rofhégsiixel The
circuit showmn in FIG 2 has a threshold voltage

peorare ctupgn ff wistniner | (WEddi tsamnay )t e sahovg-es the
described nobility correction function. Specifically,
stuped 1 yp oneelrt esyep plhya ts danreeri {adrd dr ébesoararers) 5 s tredtesntial
the potential of the power feed. line fromthe first
Vcc and a second potential Vss to the respective power
feed lines DS in matching with the line-sequential
scanning. The signal driver 3 supplies, to the signal
lines SL along the columns, a signal potential Vsig
serving as the video signal, a reference potential Vofs,
and an intermediate potential Vofs2 between the signal
potential Vsig and the reference potential Vofs in
matching with the line-sequential scanning.

In this configuration, the sampling transistor T1
is turned on at the rising timing of the control signal
to thereby sample the signal potential Vsig and write it
to the hold capacitor Cl1 during a sampling period until
the timing when the control signal falls down and the
sampling transistor T1 is turned off. Simultaneously with

the sampling, the current flowing through the drive

transistor T2 is subjected to negative feedback to the
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potential Vcc to the second potential Vss at a first
timng before the sanpling of the signal potentia
Vsig by the sanpling transistor Ti, The control
scanner (wite scanner) 4 turns on the sanpling
transistor Tl at a second timng before the sanpling
of the signal potential Vsig by the sanpling
transistor Trl, to thereby apply the reference

potential Vofs fromthe signal line 1:, to the gate G
ransi st and set_ the sour
?%ﬁgé-féaéﬁgﬁbréﬁfﬁég % he 'seto pé% é%ﬁoQSs

|ve S anner 5 switch

%%atlr%% TR R o T e r D H e T2 for

econd tentlaIE%Es to the fir otentlal Tcc at
3 4B B gt 0476 EL ek S et i igpa o G-
t hereby haold the . voltage equivalent to the threshold
N@t dge I ofaltHe PO RSe 3G i Stor 120 38 thé ol dity
capacitor . This threshold voltage correction
FUFEG torP TRl RGOS 1581 rdingh Wy Chy el & € UTor agein el o e
i nfluence of variation in the threshold voltage Vth
tefraqusd drhey i dirstroyi st of (o L pisdtj aar-qul xad .the
Either the first timng or the second timng may be
rnegrdtiere trmtark dtchdrhe Fel gicedacitraoui@l.2 shown in
FIG 2 is also provided with a bootstrap function
Speci f Fbal by xeat ctihepitt shiowg WhemIthe2shgBak threshold
potential Vsig has been :held in the hold capacitor
vdltadre amddeetsicanmeinct itdir nisy ofddittheon to the above-
described mobility correction function. Specifically, the
power supply scanner {(drive scanner) 5 switches the
potential of the power feed line DS from the first
potential Vcc to the second potential Vss at a first
timing before the sampling of the signal potential Vsig
by the sampling transistor Tl. The control scanner (write
scanner) 4 turns on the sampling transistor Tl at a
second timing before the sampling of the signal potential
Vsig by the sampling transistor Trl, to thereby apply the
reference potential Vofs from the signal line SL to the
gate G of the drive transistor T2 and set the source S of
the drive transistor T2 to the second potential Vss. The
power supply scanner (drive scanner) 5 switches the

potential of the power feed line DS from the second

potential Vss to the first potential Vcc at a third
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sanpling transistor Tl to thereby electrically isolate
the gate C of the drive transistor T2 fromthe signa
line SL. This allows change in the gate potential of
the drive transistor T2 to be |linked to change in the
source potential of the drive transistor T2 and thus
allows the voltage Vas between the gate G and the
source S to be kept constant. Therefore, even when
the current-voltage characteristic of the

dinghts emddd ng, el emeny Bl changes, &Veq_feﬁjsrfpol& hg Hate

voltage Vgs can be kept constant and no change

E t-f
exp alméﬁff%%léHP'%ﬁ“ﬁhe é e dfﬁz% ls Son Inﬁﬁ(g e

the operation o e p1 xe
Frivd tris.”ﬂé’c%rc@t %e %31] re”%—ﬁ Scallsy %ha%d
rel'ates 1o a preV|ous deve ope ni que as the

t?ﬁr%s i “eiﬁ%%b%’dc'o%‘éem ety TR i Ry

h f I d
45 GraICTGR e ia (quﬂ%%ﬁ w%é’éymeo'rﬁiﬁ%' e
axi s. The potentlal change of the scan line

dO G I ot SIS i Priale arch ot 3 on

openlng/cI05|ng of the sanpling transistor Tl. The
IeteenticalP icttdnge FéE NEle ChowsH rEded iNiing DS EbEr 6sponds
to the switching of the supply voltage between Vcc
t&m}%sﬂay Tiee gotlamy dihaghdriye dfhathe sa.gnal lire

S1.: corresponds to .
The pixel circuit 2 shown in FIG. 2 is also

provided with a bootstrap function. Specifically, at the
timing when the signal potential Vsig has been held in
the hold capacitor Cl, the write scanner 4 turns off the
sampling transistor Tl to thereby electrically isolate
the gate G of the drive transistor T2 from the signal
line SL. This allows change in the gate potential of the
drive transistor T2 to be linked to change in the source
potential of the drive transistor T2 and thus allows the
voltage Vgs between the gate G and the source S to be
kept constant. Therefore, even when the current-voltage
characteristic of the light-emitting element EL changes
over time, the gate voltage Vgs can be kept constant and
thus no change occurs in the luminance.

FIG. 3 is a timing chart for explaining the

operation of the pixel shown in FIG. 2. This timing chart

19



the switching of the input signal anong the signa
potential Vsig, the reference potential Vofs, and the
i nternedi ate potential Vofs2. Furthernore, in paralle
to these potential changes, potential changes of the
gate G and the source S of the drive transistor T2
are also shown. The potential difference between the
gate G and the source S is equivalent to Vgs as
descri bed above. In this timng chart, the operation

period is divided i.ntao riods (1) to (7). B

Cort SHSHARY 151 He © tai'rgcﬁsﬁetcﬁi%wesoft% e ppli)efeﬁouSly
operation for conveni ence. .In the riod.(1).

R nthl by BUT S 1o e 2 A e tHe Sniiodiments of
descri ption-subject field, the Ii, ht-enitt:i.n% ,
RERSHE TSN IR | IGhtiem SSMORTSFRREt, botential
Thereafter, a new field 20 of the |ine-sequentia
Fediffin g st sScatorlittfe W r sthe pviod (889 ofi e RRNGT
field, the potential of the power feed line DS is
suintlehdd rfglomY/hearfd rigte pot@Emd al ine St Rra HXEE ghldPng
potential. "iss. Subsequently, the start of the nest:
ther i smdng 3)ime tehel pot Fhei abtehtikd ichpogesiognahe lsgan line
been switched fromVsig to Vofs and the sanpling

WY anst rstsgrorkds tis tthe nechtoml s dreel perd adsn ()1 anthe

(3), the gate potential and the source potential of

dgwen idg Mgl od Irensd Stidre E2naseindli tiats zedhr THe. p&hieods

(2) and (3) are equivalent to a preparatory period
dtertthies 1 hireshad dbr wald agerorfeed i Dine |6 tddSresponds to

preparatory period, the gate

the switching of the supply voltage between Vcc and Vss.
The potential change of the signal line SL corresponds to
the switching of the input signal among the signal
potential Vsig, the reference potential Vofs, and the
intermediate potential Vofs2. Furthermore, in parallel to
these potential changes, potential changes of the gate G
and the source S of the drive transistor T2 are also
shown. The potential difference between the gate G and
the source S is equivalent to Vgs as described above.

In this timing chart, the operation period is
divided into periods (1) to (7) corresponding to the
transition of the pixel operation for convenience. In the
period (1) immediately before the start of the

description-subject field, the light-emitting element EL

is in the light-emission state. Thereafter, a new field
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G of the drive transistor T2 is initialized to Vofs
and the source S thereof is initialized to Vss.
Subsequently, the threshold voltage correction
operation is carried out in the threshold correction
period (5), so that the voltage equivalent to the
threshold voltage Vth is held between the gate G and
the source S of the drive transistor _ .
Specifically, the voltage equivalent to Vth is

e bare b AR The Souree S G He ari ve trgﬁéﬁéﬁ?lmt

Tﬁ??lesdh ﬁztdhe f ecfhég HEP fel)%aﬁ_@l %:éssg]opvglcae FI G‘ é to et rPrower

correction period ( ed(?nt

erjods and, t.he thre hq%gfvolt orrectlon .

REL RISt T e o TGt R At

eri od %5% éﬁﬁq provi ded. bet ween t he t hoI
% ST B 0aS PR SRS it Ade tg‘&uus\‘}élrénf)f
to Vth is witten to the hold capacitor C
Wi ithistg Hel”ﬁelctqwr@S)holtdﬁ/(ﬂqtﬁd}é:lac]orqi%&f}%rf-wq od- L
and repeating the threshold voltage correction
Nepse o Pl it d thinass g Hiss end Hdge v L itrhe
enbodi nent of the present invention is not limted
Hrtverseitsd; oot iits itgiralesb Qossithl §heopearryisodf)t hed (3),
correction operation in one threshold voltage
tdor rgedtd gretgyariiadd Hr5) .thEhereafderpottdre: Wl tafnghe drive
operation period/nmobility correction period (6)
tstaargisstdm Tthhiescepemiiod,a ltihee i gidke periods (2) and (3)
are equivalent to a preparatory period for the threshold
voltage correction. In this preparatory period, the gate
G of the drive transistor T2 is initialized to Vofs and
the source S thereof is initialized to Vss. Subsequently,
the threshold voltage correction operation is carried out
in the threshold correction period (5), so that the
voltage equivalent to the threshold voltage Vth is held
between the gate G and the source S of the drive
transistor T2. Specifically, the voltage equivalent to
Vth is written to the hold capacitor Cl connected between
the gate G and the source S of the drive transistor T2.

In the reference example shown in FIG. 3, the

threshold correction period (5) is divided into three

periods and the threshold voltage correction operation is

carried out in a time-division manner. A waiting period
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."?otentiai. Vsig of the video signal is witten to
the hold capacitor C in such a manner as to be added
to Vth, and the voltage AV for the nobility
correction is subtracted fromthe voltage held in the
hol d capacitor . in this witing period/ nmobility
correction period (6), the sanpling transistor i'l.
shoul d he kept the conductive state in the time zone
during which the signal line SL is at the

&;geﬁﬁﬁ%fﬁvadéafﬂgﬂw%e Q&%?E%Y%§HH&&“ Eg?géugéyyééﬁlon

sig. Thereafter, the light-em ssion perio

\%:Itqhtdﬁ]e 1 _h%ett}‘é gndeﬁtﬁ&%hggtﬂc‘é”@%ﬁ ?1Itltght to

unlnance upon the signa
siq. -l EP t en1ss Lyithe I Iﬁ S
tI%l?m%r?alﬁ:Qe Ctlﬁ: t enciljtV dn rlgeI erren r}ql ::.ldnotOlffge
af fected b varl t| ns t he [ t.:

Pt Sarid Ot e 53 o I A e g eltage
transistor T2 because t he S|gnal potentlal i;sr., has
BT Adi W tBE W TP - Wrdtt dgé™e gt W%ﬁ‘ﬂaftrheer Hpviesae =,
t hreshol d voltage Vth and the voltage AV for the
Ssbiiapid@sye Gt oite R aHE S fitieditistade oot dhaited
[ight- en1" Ss.',.on. period (7),, bootstrap operation
theretoar Hudd 1 touits aida fmer leheq giarry oottét i al
acid the urce potential of the drive rise .
QOY rELT Lo SIk@ratior? in ongp,thresiiold valie gl aayes digson
between the gate _ and the source S of the drive
perransi sitdr. T2 kepi. constant. Wth reference to FIGS.

, to 12, the operation of

Thereafter, the writing operation period/mobility
correction period (6) starts. In this period, the signal
potential Vsig of the video signal is written to the hold
capacitor Cl in such a manner as to be added to Vth, and
the voltage AV for the mobility correction is subtracted
from the voltage held in the hold capacitor Cl. 1In this
writing period/mobility correction period (6), the
sampling transistor Tl should be kept at the conductive
state in the time zone during which the signal line SL is
at the intermediate potential Vofs2 and the signal
potential Vsig. Thereafter, the light-emission period (7)
starts, so that the light-emitting element emits light
with the luminance dependent upon the signal potential

Vsig. In this light emission, the light-emission

luminance of the light-emitting element EL is not
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the pixel _ circuit. sh"howm in HS. 2 will be
described in detail- be tow Referring initi_a.ll_y
to FIG 4, n the fight em ssion period (1? the supply
potential is set to Vc and the sanpling transistor T
is kept at the off- sLate , At this tine, the drive
ccurrent Ids flowing to the ight-emtting e.iemnt u
has the value r:ep :esen.ted by the. above- .. ~...

des.::-ioed trans. '"si-.:;r characteristic equatio
endi on the . volta rgs li.e en t ate
R b e 2 O, S SR S Sl e P

ecauetiH:e dri transistqr T2 is so eﬁqasto
e 1T o O ot AT rg B O R R
FIG 5, at the start of the repa: C]9 i-.oqry pi riad
AL IR oter A1° L i Ah@ A 1TRE P4 (HE Jeermoe
supply line) is set to Vss, piss is so designed as be
QB e Ghéhsurmioe e G VHrtewe olkh anspliggecltage
,thel and the cathode voltage Vcat of the |ight-

Pehifan g celmsrReintl tBL . COTH&@CHIOnN + hédtr éhat iloAshrp v§s9€ of
Vthel + Vcat is satisfied. Therefore, the . .

Hhieg Rti-odvi tami i 1 el ereenito EL Stop atrt 1dgmpesrdtsigiront s
and the power supply Iline side becones the source of
darer idrd et reanbitsteore bR2. theAtgatts oatiang;idherahddee afource
the light-emtting elenent EL is charged to Vss.
Refeertriialg afexthd @iElv@ thanai dther MeXtr jpreepar,atwargh the
voltage Vgs between the gate G and the source S of the
drive transistor T2 kept constant.

With reference to FIGS. 4 to 12, the operation of
the pixel circuit shown in FIG. 2 will be described in
detail below. Referring initially to FIG. 4, in the
light-emission period (1), the supply potential is set to
Vce and the sampling transistor Tl is kept at the off-
state. At this time, the drive current Ids flowing to the
light-emitting element EL has the value represented by
the above-described transistor characteristic equation
depending on the voltage Vgs applied between the gate G
and the source S of the drive transistor T2 because the
drive transistor T2 is so set as to operate in the
saturation region.

Referring next to FIG. 5, at the start of the

preparatory period (2), the potential of the power feed
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period (3), the potential of the signal line SL is set
to Vofs and the sanpling transistor Ti is turned on,
so that the gate potential of the drive transistor T2
set to Vots. In this way, the potentials of the
source S and the gate C of the drive transistor .[2
are initialized from those at the rine of the light
em ssion, so that the gate-source voltage Vgs becones
Vofs - Vss. This V@s Vofs - Vss) is SO designed as to

h| %gp t-h r sh d oI f. the_drive
]Itir ans| %ert ppslft nee) A t1a |z %hevg |y§ Sg
ransi stor_ T2 0, that t r I t| nshl Wt
CLe Jsgéﬁcgfal 2d° e 5Sdar j}"‘} u“ﬁ heipt esHol hR
| t age rrectl eratio |n t he next pe 1S
et &4 e Gf T el d TS L i Sront-
the 24 threshold vol t age correction_period (5) the
Potéritile smetthd lpondrafedd: | the esleﬁaweehé@péf|8§
line) is returned to Vcc and the sanpling transistor
Vihgls 4 Mavdd Igh SR st iebwni TERITRE Oftke $OEpHy Jp6HeagELing
to Vcc causes the anode side of the light-emtting
et HEL stodseddre timhtssurics i9n gind Héadrgareer supply
transistor T2, so that a current flows as shown in
IEIne dh.deAtbadumsed ity sdher@guivallentdclve dizanofstor HE2 .
light-emtting elenent EL is represented by a di ode
Afeltraired @ megpadid amdced comiectleibhiin-gparaldred dloereach EL
ot her. Because the anode potential (i.e. the source
is charged to Vss.

Referring next to FIG. 6, in the next preparatory
period (3), the potential of the signal line SL is set to
Vofs and the sampling transistor Tl is turned on, so that
the gate potential of the drive transistor T2 is set to
Vofs. In this way, the potentials of the source S and the
gate G of the drive transistor T2 are initialized from
those at the time of the light emission, so that the
gate-source voltage Vgs becomes Vofs — Vss. This Vgs (=
Vofs - Vss) is so designed as to be higher than the
threshold voltage Vth of the drive transistor T2. By thus
initializing the drive transistor T2 so that the
relationship Vgs [0 Vth may be satisfied, the preparation
for the threshold voltage correction operation in the

next period is completed.

Referring next to FIG. 7, at the start of the
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potential Vss) is lower than 'cat + +ithel, the diode
Tel is in the off-state, and therefore the | eakage
current. flowing th.erethrou.gh is considerably
smal l er than the current flow ng through the drive
transistor T_. Therefore, nost of the current flow ng
through the drive transistor T2 is used to charge the
hol d capacitor G and the equival ent capacitor Cel
FIG 8 shows tenporal change in the source potentia

t he [ ransi stor T2 in the threshal.d valtage
éﬁregkofg égiga (j%%%ééﬁEﬁ&Pigs ?é . ,‘%Qﬁ“?é%e§%$al of

correction peri wn |
FIG 8, t source Sg%e tial of the drive transistor
F BOUET (1S hriodle Vol t dU8Tr THE 1Y ght o 13 g a1 hed to
| emen EL) increases fromVss along with tine ,
GRS AR S G| o T Uhd 1 hrBsHEITEY oI dgein
correction period (5), 25 the drive transistor T2 is
LU GArid & FARRTY afe e Rtikefitesditc e dheide
the gate G of the drive transistor T2 becones Vth.
Ofth & Nsodricd toorelnt i 119 flamant Bl o ikeamgts the sgucess
this value Jofs --- Vth is still. Jlower than Vcat +
aft hidle dmerg itgmnsimtas My elssmeitatEla iguriant Welows as
cut-off state. As shown i.n. the graph of FIG 8, the
Hmnrcen gotential Asf thhe drimee thansigstiorlF2ti ndreasesof
along with tine elapse. However, in the present
terxanplaht tenel fiirst etdmeeshdlld Mol tgges cortettiom diode
period (5) is ended before
Tel and a capacitor Cel connected in parallel to each
other. Because the anode potential (i.e. the source
potential Vss) is lower than Vcat + Vthel, the diode Tel
is in the off-state, and therefore the leakage current
flowing therethrough is considerably smaller than the
current flowing through the drive transistor T2.
Therefore, most of the current flowing through the drive
transistor T2 is used to charge the hold capacitor Cl and
the equivalent capacitor Cel.

FIG. 8 shows temporal change in the source
potential of the drive transistor T2 in the threshold
voltage correction period (5) shown in FIG. 7. As shown
in FIG. 8, the source potential of the drive transistor
T2 (i.e. the anode voltage of the light-emitting element

EL) increases from Vss along with time elapse. After the

elapse of the threshold voltage correction period (5),
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the source potential of the drive transistor T2
reaches Vofs - Vth, and thus the waiting period (5a)
starts in response to the turning-off of the sanpling
transistor T1. FIG 9 shows the state of she pixe
circuit inthis waiting period (5a) . in this first
wai ting- period (5a) the voltage Vgs between the gate
G and the source S of the drive transistor T2 is sil
hi gher than Vth, and therefore a current flows from

tiHe POwRS tra%!aqpétyoﬁ/clcz vila c&ﬂ“%ﬁ 'é%?d tﬂr@@&}&ﬂt%rgeTazgtso

the hold capacitor Cl as shown . Due to this

&N tfrleogwﬁfcé he a%ﬂi”ﬁ‘%?e g%g;‘dgetl o 19:{1 o the drive

t ransi stor I NCr eases e potenti al

%%Iéﬁgf%ésﬁgé%hé$qf ase%he SO} Eb%k %%e“%?%ltg% this

increase e sourcs ause
I|n ansi.st.o I in the o 26 an
BT s e g oS RS e thegH npad (ke 18 A1
That in the f| wai t i riod (ba bot h t
it ot QA A e O o BOH TSt O T E s
transistor T2 |ncrease based on bootstrap operation.
R RV, S4RESi ght-enmitting el enent EL will not
emt |ight because reverse bias is applied to the
| i ght - BénPPPRg 18l éRenBrERDcOAt FRouslry [Phépreareer
when the potential of the signal line SL is swtched
R 9o i lagell r-Fef tdrd weh et Tirepiset ot TlH, indiesa st iy with

transistor "['i. is turned on to start the second
time elapse. However, in the present example, the first

threshold voltage correction period (5) is ended before
the source potential of the drive transistor T2 reaches
Vofs - Vth, and thus the waiting period (5a) starts in
response to the turning-off of the sampling transistor T1.
FIG. 9 shows the state of the pixel circuit in this
waiting period (5a). In this first waiting period (5a),
the voltage Vgs between the gate G and the source S of
the drive transistor T2 is still higher than Vth, and
therefore a current flows from the power supply Vcc via
the drive transistor T2 to the hold capacitor Cl as shown
in FIG. 9. Due to this current flowing, the source
potential of the drive transistor T2 increases. 1In
addition, the potential of the gate G also increases in
linkage with the potential increase of the source S

because the sampling transistor Tl is in the off-state

26



t hreshol d vol tage correction operation. Wen the
second threshold voltage correction period (5) is
ended, the second waiting period (5a) ,starts. By
repeating the and the amwaiting threshold voltage
correction period (5) and -' '~:: 1- period (5a) in
this manner, the voltage between the gate G and the
source S of the drive transistor T2 reaches the

vol tage equivalent to Vth finally. The source

of ential-_ of .t eﬁﬂ;'v t.r I stor T2 .at. this t]j '
5t Sefior? e o Than M e SRR s

ext to FILG, _,10,_.at the .start of .th ignal i.ting
BET dfmot 1715 o et ot [Beriesd o) e ot e
r..ot.ential of the signal line SL is smﬁéc ed jn two
Shizges PardiniGor SV 101 1 SR Lthe s gl e
potential Vsig corresponds to the grayscale. The gate
et tar o2 LR zease Rasre (et arrPrecomey’- At
Vsi g because the sanpling tr.ansist:or. Ti_is turned
©Bn.s AV hé het RerdtHarrand BourgEnpditlentlldl not emit
increases along with time el apse because a current
Ilddvis Haemache pease upys s /aaplimd datthiahilsi ghttine,
the current flowwng fromthe drive transistor T2 is
arsied: lexr ladsimeglty Hlorcagtargiaws lof- t he equi val ent
capacitor "el and the hold capacitor C if the source
pot ent Fakrekftehe dheve theapsiteharnaT2 odoésenstigaaipasse
the sumof the threshold voltage \Tthel and the
qatikodsy ivalHeapg e Voaif Ofagain after the elapse of 1H, the
sampling transistor Tl is turned on to start the second
threshold voltage correction operation. When the second
threshold voltage correction period (5) is ended, the
second waiting period (5a) starts. By repeating the
threshold voltage correction period (5) and the waiting
period (5a) in this manner, the voltage between the gate
G and the source S of the drive transistor T2 reaches the
voltage equivalent to Vth finally. The source potential
of the drive transistor T2 at this time is Vofs - Vth,
which is lower than Vcat + Vthel.

Referring next to FIG. 10, at the start of the

signal writing period/mobility correction period (6), the
potential of the signal line SL is switched in two stages

from Vofs via Vofs2 to Vsig. The signal potential Vsig

corresponds to the grayscale. The gate potential of the

27



the light--emtting element EL. At this tine, the
current flowng fromthe drive transistor T2 reflects
the nobility p because the threshold voltage
correction operation for the drive transistor T2 has
been already conpleted. Specifically, if the drive
transistor T2 has higher nobility a, the current
anount thereof at this time is larger and the

i ncrease anount AV of the source potential is also

. , b I h
%rﬁ:{\%g:] raan%olun a\‘&% o< rIIE Ve I s: ts(%/ el'ztsn i S s.r‘tr%sl]f]tneq(r3

and th |ncrease mount AV f the so
BEETRL aqr e eER é“mOPh.E bRt Banay pEhsasgurce
volta e Vgs of the drive tra S|stor T2 is so decreased

Rig-eh AT A g - W G ed]ead?f%% PP\
Thus, resulting fromthe conpl ete correction of
%e%tﬁ%ﬂ"‘tsy fg'tﬁ FAHEF AURH Y5 oftltReat this
conpl eti on of 28 the nmobility correction period (6).

g, The |C§ll’§e§ﬂtapfth§'de ng- e gt aiirl%atfrmﬁéés%%?qm£2 is

source s:::rr.ena :i.tai of the driv:> transistor. T2
Yged twlwm fih e s@rd L hiew o tites qquicoy ket igpacitor
period (6) As shown in FIG 11, if the

Geob:and 'thd holhd gfapdvel i VEL tirfansiestoruf® i tdrghier], of
the source potential increases faster and Vgs is

tdor raesipendinegl syl sdecr a5 ethe Spedi fdwaddys tidHe then of the
nobility p. is h:igher, Vas is so decreased as, to
tCaretolicherolardge iwgey andftHheddigher ol gAtwgatandk
thus the. drive

the light-emitting element EL. At this time, the current
flowing from the drive transistor T2 reflects the
mobility p because the threshold voltage correction
operation for the drive transistor T2 has been already
completed. Specifically, if the drive transistor T2 has
higher mobility 1, the current amount thereof at this
time is larger and the increase amount AV of the source
potential is also larger. In contrast, if the mobility n
is lower, the current amount of the drive transistor T2
is smaller and thus the increase amount AV of the source
potential is smaller. Due to this operation, the gate
voltage Vgs of the drive transistor T2 is so decreased as
to reflect the mobility u, i.e. decreased by AV. Thus,

Vgs resulting from the complete correction of the

mobility p is obtained at the time of the completion of
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current can be suppressed. On the other hand, if the
mobility pis 1 ower, the source potential of the
drive transistor T2 does not increase so fast and
therefore Vrs is also not affected. or_gly.
Therefore, if the nnthil:ty }a. is lower, Vgs :f the
drive tra:n;i.st.:or is not greatly decreased so tha
. the --ow drive capability nmay be covered. FIG 12
shows the operation state in the light-- em ssion

[ .(+7) this Jight-em ssi period (7) the
éﬁgﬁﬁﬁﬁﬁ}%ﬁiJ%ﬁ%gﬁﬁﬂléﬁnﬁf 6%§e off to --a-Ise the
light-em.tting.element E1.; to emt light. The gate
vl agb Cugd Tof-S Ena dPIvE ol RforsTBP T3 Fhiape n the
ccnstar'it, and : drive transistor T2 pl i a
RO i G ¢ Y o (i g ShsdRove-
i; %%ifrdance\Mtr1the ahove-describ%$ characteristic

SEURT DO Tah St T A 1Ay LD el 1 ghtSemftitngn FIG-
el ement ET, é&,e. the so arse 29 potential of the
Idri Vi thhendicktidrd t)ef Shienddaksed 16 ane t Pecrusies ttHgher,
current 1.da' flows to the light-emtting elenment EL,
Al s dd giafiltal ngeleafat Bstan tand iVgt 1sat t he
ti mng when the anode vol tage surpasses Vcat + Vthel.
Chver eciprarehitnadol teger eptrrchet épiestiiftd cefl lyhe 1ifi ghte- mobility
emtting elenent EL changes as the total
d iighthigyhiessi ofys tiigresd hereofadmet eresd argerel Thws, the
potential of the source S shown in FIG Q changes.
ixfllowever .of the tugher nubilitds' dddwimg ttiee drive
light-emtting elenent EL will not
current can be suppressed. On the other hand, if the

mobility p is lower, the source potential of the drive
transistor T2 does not increase so fast and therefore Vgs
is also not affected strongly. Therefore, if the mobility
p is lower, Vgs of the drive transistor is not greatly
decreased so that the low drive capability may be covered.
FIG. 12 shows the operation state in the light-
emission period (7). In this light-emission period (7),
the sampling transistor Tl is turned off to cause the
light-emitting element EL to emit light. The gate voltage
Vgs of the drive transistor T2 is kept constant, and the
drive transistor T2 applies a constant current Ids’ to
the light-emitting element EL in accordance with the
above-described characteristic equation. The anode

voltage of the light-emitting element EL (i.e. the source
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change because the gate voltage Vgs of the drive
transistor T2 is kept at a constant val ue due to

boot strap operation. Therefore, even when the current-
vol tage characteristic of the light-emtting el enent

EL, deteriorates, 1'..f-". constant drive current Tds'
typically flows continuously and hence the | um nance
of the light- emtting element EL will not change, in

the mobility correction for the drive transistor,

;Qﬁc%%{tq_l Ly tfhet %Dtdﬁ‘-{z@ 'E‘}ba éltééo%orfz%“ g?gr{dsféﬁaéﬁij to Vx

e si gnal Jtent .
i S n co nt.rast.
ok aurﬁ?“ﬁlﬁo%ﬂurryenéof’ifdesct solayed) ﬁﬂ%tﬁemg
enti al [ nat so h| . t.0
Hptyednd Shior Sttt v 1R ”W‘? L ot

|nE (| e.. the sampling tinme) is fixed irrespective
f 4re t§1 Wﬁ’&“eﬂ%healaweg Vocji%ag:?o BPtRaAAFH oG thy
correctlon may not be carried out for either white
Vil -ay TR 6KTg§PBY - dPSpREGI REATT6addEESS Ofhitee light-
problem the above-described previously-devel oped

edhningue lexranl Elemlaoyges e thie Hge syistiémentifeion
signal line potential is temporarily set to the
tiimeertnedicatfe qeotcamts dlorvfrs2 Befior etbei pgtswicttehedf the
from the reference potential Vofs to the signa

seotrerd iSalshvging.in FHIG dld ewsargpts .m Hatveorrof thkecurrent
effective nobility correction time both for white
Idissplfayiwigigant gihay 1ight-emitting element EL will not
change because the gate voltage Vgs of the drive
transistor T2 is kept at a constant value due to
bootstrap operation. Therefore, even when the current-
voltage characteristic of the light-emitting element EL
deteriorates, the constant drive current Ids’ typically
flows continuously and hence the luminance of the light-
emitting element EL will not change.

In the mobility correction for the drive transistor,
generally the optimum mobility correction time is short
when the signal potential Vsig is high (when white is to
be displayed). In contrast, the optimum mobility
correction time is long when the signal potential Vsig is
not so high (when gray is to be displayed). Therefore, if

the mobility correction time (i.e. the sampling time) is

fixed irrespective of the signal potential Vsig, the
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di splaying. Wth reference to FIGS. 13A and 13B, the
above- described two-stage systemw || be specifically
descri bed below FIGS. 13A and 13B are schematic
graphs showing nobility correction operation for
white displaying. FIG 13A shows the case in which
the two-stage systemis not enployed, and FIG 13B
shows the case in which the two- stage systemis
enpl oyed. in either graph, elapsed time ' _ is pl otted

%%‘“1%1 c%]%etd(}:% o%O‘M R g c%_; q‘d“ce fo
te potentla of Ive t nSIStor are otte
r.di naf. ho é%(]% t
etlnch e\{\lglel esys layl Vgnr r%‘p‘%‘é’y d_%qlh]a rCfI‘o ggdress
ot ent i of the drlve ransi stor T2 .incr.eas
F0rs B e ol Oiey THITE 19T L SRR T S
transistor Ti is turned on for switching of the gate
YSSTENEUR SRS RIREUT 4 S06r SRR TR Vor e o
Jslg, Wen the elapsed tine t reached optinum
sdedetliior BaRentiak e sfeﬁﬁﬂq%?gﬂteraﬁfstf& thejs
turned off, and the source 2ﬁotentl al of the drive
intamiasticrte ERtantinls Yatihdd o relbalng A&y dedad Hawpn
above, the optimumcorrection time LI for w i.t:e .
tdissptefid mrpds peonparati Vefy sShothe eagnhe cttienthaddVsig.
in the two--stage systemshown in FIG 13B, the gate
Tat=e retli ladw sofotthienidra tvieort reanditst orf Xt ichanmysst it t wo
stages fromthe reference potential Vofs
correction time both for white displaying and gray
displaying.

With reference to FIGS. 13A and 13B, the above-
described two-stage system will be specifically described
below. FIGS. 13A and 13B are schematic graphs showing
mobility correction operation for white displaying. FIG.
13A shows the case in which the two-stage system is not
employed, and FIG. 13B shows the case in which the two-
stage system is employed. In either graph, elapsed time t
is plotted on the abscissa, and the source potential and
the gate potential of the drive transistor T2 are plotted
on the ordinate. As shown in FIG. 13A, if the two-stage
system is not employed, the source potential of the drive
transistor T2 increases from Vofs - Vth along with time

elapse after the sampling transistor Tl is turned on for

switching of the gate potential of the drive transistor
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via the internedi ate potential Vofs2 to the signa
potential Vsig after the sanpling transistor Ti turned
on. In linkage with this potential increase, the
source potential of the drive transistor T2 al so
increases from Vofs - Vth. However, because of the
intermediary of the internediate potential Vc.fs2,
the rising speed of the source potential of the drive
transistor T2 (indicated by the full. line) is |ower

ihn .o&rh%;@*k;gc%t thvgel .mwggﬁ9€hes¥§%ﬁ%ﬁstﬂﬂé enploygdy

dicate e dotte i ne)j. erefore, optinum

oga%blltmldﬁ %o%q:rerq%citolno%iﬂr{qn% 1tI tht\gﬂ %%rrﬁgﬂq_n V@'asf'ltsz?l.%etor Tl is
ystem is enployed i's 1onder an the optinmum

mobi | jt orrection time | whe .tqaot -Stage system
Pt POy ed TREL 168 BT THte s st dbe Bysiem
enpl oyed, t%g internmediary of, the.inte rregi ate,
(GOVETHIET THorS2 teXterdd ¥ ‘optiahsin nBbi FRcy? toed above,
correction tine to the 32 tine ti'. FIM14A and 14B
taree BrAPNE SHEHSTF 1bilints tledriteiid® SPeddons or
gray displaying. For FIGS, 14A and 14B, the sane
qaEmeesEntvativorsNeditner as that of the graphs of FIGS,
13A and 13B is enployed for easy understanding. The _
| evel ©f the skbmal hpotenthakhysitgoreiaggr gystenf shown in
r?,~! displaying is conparatively low. In p a ~rl
ELG.CL3H,arthe .ostg frort dhltdekl difsplteyidungives tatanssits tegqudl?
to Vofs. As shown in FIG 14A if the two-stage
Gystoan i noto emEgedirom the reference potential Vofs
via the intermediate potential Vofs2 to the signal
potential Vsig after the sampling transistor Tl is turned
on. In linkage with this potential increase, the source
potential of the drive transistor T2 also increases from
Vofs - Vth. However, because of the intermediary of the
intermediate potential Vofs2, the rising speed of the
source potential of the drive transistor T2 (indicated by
the full line) is lower than that when the two-stage
system is not employed (indicated by the dotted line).
Therefore, optimum mobility correction time tl’ when the
two-stage system is employed is longer than the optimum
mobility correction time tl when the two-stage system is
not employed. That is, if the two-stage system is

employed, the intermediary of the intermediate potential

Vofs2 extends the optimum mobility correction time to the
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optimum nobility correction tine t2 is longer than the
optimum nobility correction tinme tl for white

di splaying. As shown in FIG 145, if the two-stage
systemis enployed for gray displaying, the gate
potential of the drive transistor ''2 increases from
Vofs to Vcfs2, and then decreases due to switching to
Vsig. This is because the level of the internedi ate
potential Vofs2 is so designed as to ':i_gher than
tt.hat qﬁ the signal potential Vsig for gray displaying
aNE Bl'ack di spl aying, Therefore, as the rising speed

of the rc otenti of the drive transistor.T2,
The orELRS g AR REY vab, e bR Ep B L B Pk B b Rh 1

i ndi cated by the full_line, is higher, than ... he
CSpEEF tireh da5E AeTs tige FyRst hhIR ot TenplByed 1CS . 14A
i ndi cated by the dotted Iine. There:ore, in the case

261 Iffay HdispadA dgPERATTA P 8o stadd &y stferhhe

shortens 33 the optinmum nobility correction tinme ..
graphs of EIGIW &3 ancakel® tisyemigoysshplor ;3adhg t he
wo- : stage systemextends the =pt.inuc:: nobility
wolamsgtandimg .t | fieet Raweils obr thenalibpa lsbortentde lwisttg for
di spl ayi ng, and shortens the optinmum nobility

ooy ecitdpdra tiime itshatonsa ot igialat | yow .ongnf pargriaplar, Vsig
di splaying. As a result, the optimmnobility

fGar nelcidloni sgdre yhencary i seldnomtt anfutdl e constsant As shown in
correction ;eriod irrespective of the grayscale. In

ragher1 aor ds; qifeopardyst Lesignitgn tihe deyelm@nsg dde
time width of the
optimum mobility correction time t2 is longer than the
optimum mobility correction time tl for white displaying.
As shown in FIG. 14B, if the two-stage system is
employed for gray displaying, the gate potential of the
drive transistor T2 increases from Vofs to Vofs2, and
then decreases due to switching to Vsig. This is because
the level of the intermediate potential Vofs2 is so
designed as to be higher than that of the signal
potential Vsig for gray displaying and black displaying.
Therefore, as the rising speed of the source potential of
the drive transistor T2, the speed when the two-stage
system is employed, indicated by the full line, is higher
than the speed when the two-stage system is not employed,

indicated by the dotted line. Therefore, in the case of

gray displaying, employing the two-stage system shortens
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internmedi ate potential VcfF2 car. substantially
equalize the optinmumnobility correction tine ti' for
white displaying to the optimumnobility correction
time t2' for gray displaying. A described above, The
optimum nobility correction tinme for white displaying
can be substantially matched Wth that for gray

d' -splaying by enploying the two-stage system This
can suppress streaks and unevenness on. the screen

tefit { rcﬁtpﬁ&ﬂtm ooblair It%} I Or]f]'_le% 1%% ccorrr{eecftfo?rp taZI[ %ou']:Z’ " When

can ac hi éve un orminage ¢
en1 t he

r prenise of .the .two- e
glﬁ{gﬁlal G990 o RARTIS Pl (' S o %@%% m
of s vi.a +To to Vsi | f. the maveforn1of t he
S5t G J e o8 (e Fas gl e Aol g TLginally
di stortion, the accuracy of the nobility correction

ShO et oftutted SdSPlay If%er @nd) Shgtiteds Ghe qaiiapm

Ieads to the occurrence of unevenness such as

lﬁ'g/ GprEects ans té“k%lﬁhatdljﬁﬁgr%ﬁ%lé??elrﬂm ileglg yfor gray
showi ng a phenonenon that causes waveformdistortion
Bfsalreying .gnak. al ragupst efitrabPrtABUShawhilAtELGorrsction
the pixel 2 is forned at the intersection of the
cgirgired  daime. eSL cartd witthhe ascamdtarng W .r rEettihen siggniald
line SL, the video signal (Vsig/Vofs/vofs2) is input
ifrerageae isiegrefl tdra weray(setle sh@wnptorrt kerdppeprspdely
or the pixel array part. The
designing the level and the time width of the
intermediate potential Vofs2 can substantially equalize
the optimum mobility correction time tl’ for white
displaying to the optimum mobility correction time t2’
for gray displaying.

As described above, the optimum mobility correction
time for white displaying can be substantially matched
with that for gray displaying by employing the two-stage
system. This can suppress streaks and unevenness on the
screen attributed to variation in the correction amount
and thus can achieve uniform image quality. However, as a
premise of the two-stage system, the signal line
potential needs to accurately change from Vofs via Vofs2
to Vsig. If the waveform of the potential change of the

signal line involves distortion, the accuracy of the

mobility correction is deteriorated and an error arises,
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scan line W5 serves as a control line for swtching
--on and -off of the sanpling transistor TI. This scan

line W intersects with the signal line ST and
floating capacitance arises therehetween. The power
feed line DS also intersects with the signal line Sty

and floating capacitance arises therebetween. This
power feed |line DS is considerably larger than the
scan line W5 in thickness because it supplies the

d h t ti
AR e (e e o ISR oY 10
S%%E¥§kgnal line SE extends from the signal driver

0

shown) on the input side toward the |ower side

the | ite side, .and h determined, .
't er cBhoct-r 691 ot HACEU BeCaddE T na HOREr -Cappy TPHENT

having | arge  thickness needs to be disposed in the
FpiEn Fart, CHBEINEIEHP S P Figiedl 95 ddssL

Is heavy as scowm in FIG 1.5. Therefore, the video
sqiggFdl SispiaEE e athe 88gRaPYI iLtReFSE i Avel 88 Paxge 2
distortion, and the signal waveformthereof becones

igr €stimeddiadt dited néreasRe tsighatt Ghepuiwpdodiine sildend
conpared with on the signal input terminal side. Due
the tdwandilsitrer tiSon &P the siignall Liine Swaveher mideo signal
di fference in the gate-source voltage Vgs of the

(Arsi v Mafanydicstsdr). 1R iexiust < duet vigen gilgasli ghalvdmpltot
side and the input opposite side at the tinme of
shdwri)ngn the upper side of the pixel array part. The
scan line WS serves as a control line for switching-on
and -off of the sampling transistor Tl. This scan line WS
intersects with the signal line SL and floating
capacitance arises therebetween. The power feed line DS
also intersects with the signal line SL and floating
capacitance arises therebetween. This power feed line DS
is considerably larger than the scan line WS in thickness
because it supplies the supply voltage (Vcc/Vss), and
therefore the floating capacitance between it and the
signal line SL is high. The signal line SL extends from
the signal driver (not shown) on the input side toward
the lower side as the input opposite side, and has
predetermined interconnect resistance.

Because the power supply line having large

thickness needs to be disposed in the pixel array part,
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of the signal potential Vsig, which causes inmage
guality deterioration such as shading. FiG 16 a
timng chart schematically showing the influence of
signal waveformdistortion. In this timng chart,
potenti al changes on the signal input termnal side
are indicated by dotted lines, and those on the
signal input opposite side are indicated by ful
lines. As shown in FIG 16, the sanpling transistor

tHe I19dHIEALDOR iigh1he i S{Onal W iHdRE & IMBidid ¥in ric.
correction period (6) In the twd-stage system this

]ﬁpb'bhg¥e?8EéeC£h8nvE Ebogagég% Eﬁg? sgeghIEBg ai nal

former period’ (6a) an I'n

(1’1; L Fl%rx}oci%el Gai)a perl tgj[]f"t[é.b%% g%ﬁld ehse Ss%.tgntaci

I'n the atte input ~signal is
d.t Si At _the H of swt hi n fram
“%Mfe%'%% S e T T S e b a g%h@sgﬁ%al
al Ilne the maveforn1&? |gnal tentlal V si -
TR ERE G Pt © SHET (T CHEBE by G
full I|ne econes grea tIy dlstorted conpared with_on
Gearaingly lﬁ% ‘npdtet BPni-Rsl d4PGer tiARi eat efepbyiphel line
dotted line. Due to the influence of the waveform
VST 0L ftfife e g6t drt itdle o ttehe Qe G dftadfe Vars e
transistor T2 on the signal input opposite side has
thet drdtver égched ssirg Tds exiifd g agetedrevidle atiarkd dmgut
timng of the signal witing & nobility correction
sgers e e dmepudi fofwosride fyicka taie the time of writing
of the signal potential Vsig, which causes image quality
deterioration such as shading.

FIG. 16 is a timing chart schematically showing the
influence of signal waveform distortion. In this timing
chart, potential changes on the signal input terminal
side are indicated by dotted lines, and those on the
signal input opposite side are indicated by full lines.
As shown in FIG. 16, the sampling transistor Tl is turned
on in the signal writing & mobility correction period (6).
In the two-stage system, this mobility correction period
(6) is divided into a former period (6a) and a latter
period (6b). In the former period (6a), the input signal
is set to Vofs2. 1In the latter period (6b), the input

signal is switched to Vsig. At the time of the switching

from Vofs2 to Vsig, due to the influence of the load of
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signal input termnal side arises. The potential of
the source S of the drive transistor Ti al so changes
slightly due the influence of the potential of the
gate G However, the difference in the resulting
potential of the source S between the signal input
opposite side and the signal input termnal side is
smaller than that in the resulting potential of the
gate G c. herebetween. This results in difference in

h - I f y i st
1 SANE I JLRE s Qe O™ Sl 6 8d B rRe o

si.gnal i nput ,opposi.te side, which causes_unevenness

V310 RO 110 RAGREL TIRE T GREREGE Grorennese codshogns e
as shading fromthe signal jnput termi nal side.on th
iper 16ide PEETRE GEPET I UG RE SPgRaF St h on the
opposite side on the I ower side of the screen. FIG 17
signg 1t ilmong terEinadhswidty operatites P37 toegdetde ot 1ae-
di spl ay device according to an enbodi nent of the

Dpee sentthienviadtlivemcered phe werefiha dgmgortion, the
representation manner as that of the timng chart of
polrentdper atfi dres egiren e cde doredidig vieo tg@sistor T2 on the
previ ousl y-devel oped technique shown in FIG 16 is
segplady édhpuftoropgasy te s igiedérest arvdi npt Specifaddc aldiy, as
the ¢ d it tcd-_rne curves indicate wavefornms on the
t$legnalr genpute viedr pitnalhesiethe, tamd nat ek frlld -diigme lcwnigsing

i ndi cate waveforns on the signs,

& mobility correction period (6), and difference from the
signal input terminal side arises. The potential of the
source S of the drive transistor T2 also changes slightly
due to the influence of the potential of the gate G.
However, the difference in the resulting potential of the
source S between the signal input opposite side and the
signal input terminal side is smaller than that in the
resulting potential of the gate G therebetween. This
results in difference in the gate-source voltage Vgs of
the drive transistor T2 between the signal input terminal
side and the signal input opposite side, which causes
unevenness of the luminance. This luminance unevenness
appears as shading from the signal input terminal side on
the upper side of the screen toward the signal input

opposite side on the lower side of the screen.

FIG. 17 is a timing chart showing operation
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I n"put opposite side. As shown in FIG 17, the present
enbodi nent al so enpl oys the two-stage system
Specifically, for witing of the video signal to the
hold capacitor, the signal driver switches the
potential of the signal line SL fromthe reference
potential Vofs to the internediate potential Vofs2,
and then switches the potential to the signa
potential Vsig of the video signal. The wite scanner

5%‘4}9,@ &£ & faJ rc&t %@I rc@vﬁﬂeg%g!coﬂ?ﬂ ﬂ atrh%nﬁv%%rment

lthe W5 to there y turn on and off sanp I ng

o g [

r%?@?%i’ at e p§QEnt| o7 fgglr E&Eseihén?P %H’ wite
anner. .sup es a secon nt r.ol nal e to

teﬁoereﬁntaturor? Srdhe d&%% st bk Tt e

the nal I|ne SL,.is gnal ote

e e AR 1S TEHS ot 115 Eor Pt o e e
to be divided into_a farmner perlod (6a)_and a latter
FETOEE3 6B h e flor et B BE e st
nmobility correction operation (Mbility correction 1)
ungleggtdined nout SPPR1ERE2LAYY eFNBefPodedeb)NesEEEHES
mobility correction operation (Mbility correction 2)
land csitgnala vaddiniisn@ropératsiem adr e ngiutul teameiows ypide, and
carried out. As is apparent fromthis timng chart,
tihiee fudrlmerl nge Aoty §(s6 a)n Cauteh ttehev d vt ftcamsp e adh g Gh)gra?de
separated from each other by an internedi ate peri od
iMPa)t. dppadiite side. As shown in FIG. 17, the present
embodiment also employs the two-stage system.
Specifically, for writing of the video signal to the hold
capacitor, the signal driver switches the potential of
the signal line SL from the reference potential Vofs to
the intermediate potential Vofs2, and then switches the
potential to the signal potential Vsig of the video
signal. The write scanner supplies a first control signal
pulse to the scan line WS to thereby turn on and off the
sampling transistor Tl when the signal line SL is at the
intermediate potential Vofs2. Subsequently, the write
scanner supplies a second control signal pulse to thereby
turn on and off the sampling transistor T1 when the
signal line SL 1is at the signal potential Vsig. This

operation allows the mobility correction period to be

divided into a former period (6a) and a latter period

38



internedi ate period (:5a), the sanpling transistor Ti
is Kkept at the off-state during the period fromthe
falling- down of the first control signal pulse to the
.rising-up of the second control signal pulse. During
the internmediate period (Ba), the potential of the
gate G of the drive transistor T? as the nt.o

term nal thereof increases in such a way that the
potential difference Vgs fromthe potential of the

rent .t ' cdp transist :
@Hyrenty ;EE@‘ @ékmi@fg EQE%' {6a)l I 2A3L$ ﬁBbIgl%R: Vi deo

source S thereo ept constant. Al though

. . f th . ; ' . I si .
e e A ons VA%LY 1%@%:123 r%:tqr&fnr o(‘rinll oﬁ%g{laé a/n | c{l:ﬁ:"ef[e c ttl%rr{n lr} a J.pslS"I 'tc%er 1i%d

greatly sighal ‘in

opposi te,side_in the inter late period .(5a), the
B enthaF S of 2 het aPrua ofr A55) o1 SeCa0uafennagty

af fect ed by the i.nput, signal waveform.at ? | because i
G TS HBp BT A B MePUEC TG arGr &) 1 i ol
present enbodi nent, although the video signa

6r MRSECoNEE 39 yredtdy=adicOUs Ior 60 104 18! si gnal
i nput opposite side, the %ate-squtce vol tage of the
drive fFahsi 8PBRATTRCLCARCBe ThEkEpt1BdASt RE T t KOGt former
bei ng affected by the waveform distortion.
PEaRsEhUER) yandirid\eedmdss s ety Il stfadi mgre BeRmeEt achetrom
signal input termnal side and the signal. input
egppositthe sikde adoes sotmasticure dsutiaghi for)m i dagéhis
qual ity can be achieved. FIG 16 is a timng chart
ighewinegl ieper atdmpd (5a), the sampling transistor Tl is
kept at the off-state during the period from the falling-
down of the first control signal pulse to the rising-up
of the second control signal pulse. During the
intermediate period (5a), the potential of the gate G of
the drive transistor T2 as the control terminal thereof
increases in such a way that the potential difference Vgs
from the potential of the current terminal of the drive
transistor T2 as the source S thereof is kept constant.
Although the video signal waveform on the signal input
terminal side is greatly different from that on the
signal input opposite side in the intermediate period
(5a), the potentials of the drive transistor T2 are not
affected by the input signal waveform at all because Vgs

is kept at a constant value. Therefore, in the present

embodiment, although the video signal waveform becomes
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sequence according to the present enbodi mrent based on
conpari son between the case in which the nobility is
| oner and the case in which the nmobility is higher.
For FIG 1.8, the sanme representati on manner as that
of the timng chart of FIG 17 is enployed for easy
understanding. in the timng chart of FIG 18, the
pot enti al changes of the drive transistor T2 when the
nmobility |lower are indicated by dotted |ines, and.

n..th hility is higher are indicated.b
%%Isﬁyl—i Hes |e;52t?n Bcﬁl ST 1qﬁaggh o e KEUL ﬁ'atneg Sitle, the
transi stor Ti after i nput signal is switched to
PR YarBdat i ol WS Sar L o,

to the gate of A the drive transistor T2 irrespective

kP il Cadi s terthiont. PeAR G ML ]G RE hd e M esiorde

correction the two-stage nobility correction i ;

Lqrdd But beraGSESRREY | HPEVRBAFAFe SPEteRfi &MadiloPs2
is set to an intermediate 40 gray=scale |evel, By
befrisiang tofesr sieadanpiduig taransiast grideTjargf ttdye tHegnal
€l apse of a constant period, the gate potential and
1fnipet s GipRees 1ot exitdealdasfs teg drdarer, truem sirsitforrml 2 neare
be settled irrespective of signal distortion of the
miagridly ldame 8l .acAtietvidids timer the gate source voltage
Vgs of the drive transistor 12 is higher than the
t hresh@lld.vaBt agea andihberceheteshbeigat epepatenhi a
and the source potential the drive
sequence according to the present embodiment based on
comparison between the case in which the mobility is
lower and the case in which the mobility is higher. For
FIG. 18, the same representation manner as that of the
timing chart of FIG. 17 is employed for easy
understanding. In the timing chart of FIG. 18, the
potential changes of the drive transistor T2 when the
mobility is lower are indicated by dotted lines, and
those when the mobility is higher are indicated by full
lines. First, by turning on the sampling transistor T1
after the input signal is switched to Vofs2, the
intermediate potential Vofs2 can be input to the gate of
the drive transistor T2 irrespective of signal distortion.
At this time, the first-stage correction of the two-stage

mobility correction is carried out because the

intermediate potential Vofs2 is set to an intermediate
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transi stor T2 start to increase in response to the
tuning-off of the sanpling transistor TI. At this
time, the current through the drive transistor T2 is
used to charge the capacitors G and Cal if the
source potential does not surpasses the sum of the
threshol d voltage Vthel and the cathode voltage Vcat
of the light-emitting element EL (if the | eakage
current of the .sight-emtting,, element EL is

éda%r aqe)bei”a' bgr tiﬁggent; f‘f“%ﬁ%”%a E'l%’hngﬁéﬁéﬁig%r

rive transi st e |1 ncr ease

oS ALANS Lie Sou oo otental, eorflcpethr'vae

transis the drd

e i Wb q{isﬁosfﬁéﬂﬁﬁ%ﬁ@%%y Efrtﬁp.‘?"f iy s o

correctlon operat&Dr Specj f.i cal | the increase
FATE G (o © d GSPaSrgE A TREr | ve
tran3|stor 2 haV|ng hl%_er mobi ity g and it is
e 9 ey isfengla. JFFhﬁ§fst6F FoiRaliRg | oher 9ate-
mobility p. Thereafter, after the signal |ine
sportein (il age ST cHed o Ak R Sefipsit i 1s higher
transistor Ti. is turned on again to thereby input
thiser gihgndlhgssthentd atoLt@igg t anche hegatfonsf tthre ahtieve
transi stor T2. imedi ately before the turning-on of
e rgardl iangl thtensistmgre Totarhia sslowftehegateintd al  of
the drive transistor T2 having lower nobility is
tHraweyi stthvan Tthatt aoft tthe idrdnea da ansistsaronE®: to the
turning-off of the sampling transistor T1l. At this time,
the current through the drive transistor T2 is used to
charge the capacitors Cl and Cel if the source potential
does not surpasses the sum of the threshold voltage Vthel
and the cathode voltage Vcat of the light-emitting
element EL (if the leakage current of the light-emitting
element EL is considerably smaller than the current
flowing through the drive transistor T2). The increases
in the gate potential and the source potential of the
drive transistor T2 reflect the mobility p of the drive
transistor T2 because the mobility correction has not yet
been completed through the first mobility correction
operation. Specifically, the increase amount of the

source potential is larger in the drive transistor T2

having higher mobility p, and it is smaller in the drive
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havi ng hi gher nobility. Therefore, imediately after
the inputting of the signal to the gate G of the
drive transistor T2, the gate--source voltage Vgs of
the drive transistor T2 having |lower nobility is

hi gher and thus a Ilarger current flows through the
drive transistor T2 having |ower nobility. That is,
the increase amount of the potential of the source S
|arger in the drive transistor "[2 having |ower

tmpididtor TMusadihey gahe SoHise Ma) tage Vgs of the
drive transistor TZ becones the value reflecting the

mobi |i ryt-hgreal. abter the ekapse10fna %&?ék@@%ltEgei

the nobility correction can be carried

SFMttAa%Ferdmaoe veFause t&%g;%g{é itta]%/atrgs%rsitﬁog:t 70N igdﬁ%&eed on

siignal writing dre carri sign

i.t ched qh i.re otential, unevenness .such
LT NG setaly LGB ST R i e
0pposi| si de .due co si.gnal gi tortion.does npt _occur
BT S S T o uni PBE rrag EAPFEy Ehe
FIG, 19 is timn @ﬂﬁiiﬁshomﬁng operati on sequence
G A A o G St Har et Gt R
of the present invention. The present enbodinent is
Bt S§hirov éferitt et tife diane gy i Tred @ eimisb di it
shown in FIG 17. For FIG 19, the sane .

ladenhtidt ilowstaniiern dhathatl dfhardgiviey isnsis teed2

for easy understanding. The timng chart of FIG 19
hafygwg higher mobility. Therefore, immediately after the
inputting of the signal to the gate G of the drive
transistor T2, the gate-source voltage Vgs of the drive
transistor T2 having lower mobility is higher and thus a
larger current flows through the drive transistor T2
having lower mobility. That is, the increase amount of
the potential of the source S is larger in the drive
transistor T2 having lower mobility. Thus, the gate-
source voltage Vgs of the drive transistor T2 becomes the
value reflecting the mobility thereof after the elapse of
a constant time; the mobility correction can be carried
out. Furthermore, because the mobility correction and the
signal writing are carried out after the signal is
switched to the desired potential, unevenness such as

shading between the signal input side and the input

opposite side due to signal distortion does not occur.
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operati on sequence for white displaying. The dotted
lines indicate waveform changes on the signal input
termnal side and the full lines indicate waveform
changes on the signal input opposite side. in the
present enbodinent, at the end of the first nobility
correction operation. (Mbility correction 1), the
gate potential of the sanpling transistor Ti is not
set to the conpletely-off potential, but the

atenti.al is so set that .the. I tr i.gyor. Ti
P gy o e s et g 1% SRR ayed
Due to EEis 'egting iungvegge%g such.as shag%n% does
not ocBAP - whn GhPt b1 HoChe hi SEPAyed PPReS CthE
above. -descri bed enbodj nent shown jn FIG 17. As
SRR B0 6 Talfo Ve, SR AT KIS YGrs e ot fonEnAHE T wri t e
scanner keeps the potential of the scan line W6 at a
ired H6t S SBn U iR RS peFP6dPERSRT Ehe

falling-down of the first control signal pulse to the
AP Adigieng- dp ofn i msEsed tc ot ridle sikgid - JRaseted
Thereby, iif the signal potential Vsig is higher than
entipe Jaoteanit isdlowrobtraitnéd By -subPiraé¢tlicng-L 9t heéhehsegkol d
vol tage of the sanpling trapsi.st..;r: Tl fromthis
yEpectetegrtdtniech potreTdd als thathefsdis i g tirsamsistaredrifor
is turned on in response to the rising-up of the
ddasturcemataindirgnal Thel sémand chaméd odf £'IGn Lésponss
to the fa'ling-dowi thereof. Subsequently, the
RITRIHiRG tdaansdsdortforn ssHianett Yldying. The dotted lines
indicate waveform changes on the signal input terminal
side and the full lines indicate waveform changes on the
signal input opposite side. In the present embodiment, at
the end of the first mobility correction operation
(Mobility correction 1), the gate potential of the
sampling transistor Tl is not set to the completely-off
potential, but the potential is so set that the sampling
transistor Tl is turned off at least when white is to be
displayed. Due to this setting, unevenness such as
shading does not occur when white is to be displayed like
the above-described embodiment shown in FIG. 17.

As described above, in the present embodiment, the
write scanner keeps the potential of the scan line WS at

a predetermined potential during the period from the

falling-down of the first control signal pulse to the
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response to the is-inc-up O the second control signa
pul se and turned oft in response to the falling--down
t: hex' eof. The present enbodinment is different from
the above-described enbodi mrent shown in FIG 17 in
that, in an internedi.at.e period (5x) between a
former period (6:) and a. latter period. (6h), the
gate potential (:)J- the sanpling transistor T:.i. set
to not the off potential but the predeterm ned

. . [ , | .
Ig%tl?ﬁ_ln q otf_h&l:theC %eo%cf t?:G'On.sc |1 natlr g;ndﬂs‘(sgtsg; T\%ﬁg%gy, if

off 1 nthe Intermed ate peri \

W 5i€ % %% i_splayed.. PLG .20 shows eration.
e A o R T B0 1 o enau iy Goraigal

en the si.:rna. 7. -La_i h t he l.evel . for :4% ack
SEATEY el igh e atarna T vaiod e i adk
di spl.aying is .| ower. tgfn t hat, for ite di.spla.ying.
SPED Y dGHRE ool Al oUsit i RAGWE: SRR Fheotential,
potential, obtained by subtracting the threshold
WS 58§@ 191 % rré 8 1493 iTHg 1tSr andireCo Ol remnasse to
predeterm ned potential, the sanpling transistor Ti
Hosptr 1t nohetro p-fs ttdtce fdusithgontthe Iperdidad f movhsch@nd
rising-%p of the first control signal pulse to the
tgnschgfdowm afe stiiperssedond heodiarldlinsi-givaln  thersef.
shown in the timng chart, when black is to be
Sgibsysicayeed, 1 v, hé hsampiniodg ntor ansinstiert ol Tls disn theed on in
on_-s':ate not nerely in the former period (6a) and
rels@dnatet e ther irdd 16 upofo ft héenmaleiddridy ceortredt isdrynal
operation but al so
pulse and turned off in response to the falling-down
thereof. The present embodiment is different from the
above~-described embodiment shown in FIG. 17 in that, in
an intermediate period (5x) between a former period (6a)
and a latter period (6b), the gate potential of the
sampling transistor Tl is set to not the off potential
but the predetermined potential that causes the sampling
transistor Tl to be turned off in the intermediate period
(5x) when white is to be displayed.

FIG. 20 shows operation sequence of the embodiment
shown in FIG. 19 when the signal potential has the level
for black displaying. The signal potential Vsig for black
displaying is lower than that for white displaying. If
the signal potential Vsig is lower than the potential

obtained by subtracting the threshold voltage of the
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in the internediate period (5x), By thus setting the
total nobility correction tinme for black displaying

| onger r than that for w ~Ibite. displaying, the h
F.tr3 mobility <correction anbunt can be optim zed.
However, if the sanpling transistor. Tl is kept at
the on-state in the internediate period 5x), the
potentials of the drive t.r:alsistor. T2 are possibly
affected by waveformdi stortion the signal l|ine SL.

S, ‘ﬁﬁ\i‘?xlrgi tir%n%ri%r‘ttoirc Gl ftr]?)‘?rb gih%n ?Jlr el‘iif. e%tegﬁrﬁign gi %lé'?ltt’i al,

i's small when ack isto di spl ayed, refore
oflsw@llyrecognizatle unavenness, sych.as shading does ng
not "occur on thé screén. Thus, enploying the setting

f the. %é otential. of the i transi stor, Ti.
ol T OGO G ark SERCEA L e TSbILTTY CoPTeet: GiInal
ti.me foraﬁfac q¥§pl ing. _Th opti nu n%gility.
SdReca) GRS e IR BIHES o6t S Srde ey pdonal

| onger than that for gray displaying. 45 The displa¥
PHdv¥cce AéceharigifotbReteRbbdi FBAE Cof "NERePpRESEnE TO bPe
invention has a thin filmdevice structure |ike that
v viesl FItGe ZRMPRIGT T adifavis tthe Isdiferdt it@e on-state
sectional structure of a pixel formed over an
njorys gleateiliyg 1ns (ibst farae raApestiowh (Ga)Fle@d Zhe tlisa tsirkel

i ncludes a transistor part having plural thin film
perdaesi stodr)s oforiée TED1lS tshowr nartRloc@ REratdapadiut we so
part such as a
in the intermediate period (5x). By thus setting the
total mobility correction time for black displaying
longer than that for white displaying, the mobility
correction amount can be optimized. However, if the
sampling transistor Tl is kept at the on-state in the
intermediate period (5x), the potentials of the drive
transistor T2 are possibly affected by waveform
distortion of the signal line SL. However, in practice,
the signal distortion amount is small when black is to be
displayed, and therefore visually-recognizable unevenness
such as shading does not occur on the screen. Thus,
employing the setting of the gate potential of the
sampling transistor Tl shown in FIG. 20 can extend the
mobility correction time for black displaying. The

optimum mobility correction time for black displaying

tends to be longer than that for gray displaying.
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hol d capacitor, and a light-emtting part such as an
organic EL el enent. The transistor part and the
capacitive part are forned on the substrate by a TFT
process, and the light-emtting part such as an
organic EL elenent is stacked thereon. A transparent
counte-r substrate is attached over the
light-emtting part with the internediary of an
adhesive, so that a flat panel is obtained. The
di spl a{rhge}é&%@%g/"%@'ﬂ% Egc%Q%iggb%%' TRAL 8%[oodthuﬁ‘18nt
present 1'nvention encorpasses a difsplray modul e "having
flat nmodul.e shape |like that .sho in FEG 22. Far
a9 i S G Ay TG 19" o o G Fo e L e

e

a
pi.xel array part, in ich pixels ch_incl udin n ,
S Bt T 7| ASEr and SPGRS, Laer APRCRREAE
capacitaor, and so on are integrally formed into a ,
Shstrisead; S PHRAHED Bn aarPJPi?slul%ri“F?gf‘ Qtsst 3t enSAn-ating
adhesi ve so_ disposed as to surround this pixel array
PEILHFTiScel P26 SRRTFI ANpAFE), 2dnd tASc ddrEdr 18GhEEEAt @
conposed of glass or the like is bonded to the
tsigestisdicsr gfanthéibral izl thelrt £ & narerisyyarent (one
counter substrate may be provided wth e.g. a color
TET tier .shqwrotiectiNe A1) anmthddghtivdlmoki rudh lam a
according to need. The display nodule nay be provided
heiltch eapgcia dd,exirhl e priigittecencitrtcirid {eRRCO)swash 2 an
connector for inputting/outputting of signals and so
organic EL element. The transistor part and the

of

capacitive part are formed on the substrate by a TFET
process, and the light-emitting part such as an organic
EL element is stacked thereon. A transparent counter
substrate is attached over the light-emitting part with
the intermediary of an adhesive, so that a flat panel is
obtained.

The display device according to the embodiment of
the present invention encompasses a display module having
a flat module shape like that shown in FIG. 22. For
example, this display module is formed as follows. A
pixel array part in which pixels each including an
organic EL element, thin film transistors, a thin film
capacitor, and so on are integrally formed into a matrix
is provided on an insulating substrate. An adhesive is so

disposed as to surround this pixel array part (pixel
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forth to/fromthe pixel array part fromto the
external. The display device according to the
above-descri bed enbodi nent can be applied to a

di splay that has a flat panel shape and is

i ncorporated in various kinds of electronic apparatus
in any field that displays imge or video based on a
video signal input to the electronic apparatus or
produced in the el ectronic apparatus, such as .a

j.qit.al ra, rﬁgpg! Qmy cel lul ar
p tgﬁlnleg,s1 pa?n Vi %lélgqgaqn%ﬁg&eganp esragtf suc%[ﬁ{deﬁeeagtér%rﬂqcass
r at ta ich, t di.spl ay..device is lied wl
Q%gp& esltiﬁﬁeoeldswg)@nodﬁéq%oet% S bos\%rsraa ecife\%ﬁ%l é)r%}ie\gﬂ array
e _present inventi

vvhichgree odinent: of th nis .

Piopi i e .pu“fhiggaPSP&ﬂeQitoﬁouPﬁSFu&S SarGit el Eﬁl gyovided
screen 11 conposed_of a front anel 12, a filter
PSS 5, it S5 orkL S 1RE HLA5T 10 - Lby AR rig- e

di splay device according to the enbodi nent of the

9 iFVEh 3P HE the XS di Spragiiseregnmegulgrmay
FIG 2 4 shows a digital camera to which the
Lentrodivietrd ofl thhee f e et §hvat itor- Nt dpplicad:t t HEC) as
upper diagrama front view and the |lower diagramis a
J emnnedtew, TH srdivgitiglg careret tiinw lafdest e isvegich g o
lens, a light. emtter 15 for flash, a display part
fi6;tha toofincol thewigictyl s menu mwitt dhone Shutteeresbuantrori .
19, and. so on, and is fabricated by using the
di spl ayhdediieplagcdediing according to the above-described
embodiment can be applied to a display that has a flat
panel shape and is incorporated in various kinds of
electronic apparatus in any field that displays image or
video based on a video signal input to the electronic
apparatus or produced in the electronic apparatus, such
as a digital camera, notebook personal computer, cellular
phone, and video camera. Examples of such electronic
apparatus to which the display device is applied will be
described below.

FIG. 23 shows a television to which the embodiment
of the present invention is applied. This television
includes a video display screen 11 composed of a front
panel 12, a filter glass 13, and so on, and is fabricated

by using the display device according to the embodiment

of the present invention as the video display screen 11.
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to the enbodi nent of the present invention as the
display part 16. FIG 25 shows a notebook . persona
conmputer to which the enbodi mrent of the present
invention is applied. A main body 20 thereof includes
a keyboard 21 that is operated in inputting of
characters and so on, and the body cover thereof
includes a display part 22 for imge displaying. This
not ebook personal conputer is fabricated by using the

di spl ayrdevihge aggar di Qg'EaEhSaﬁg?Qdit nhi-Rf <} he
i Bounirg

present I nvention as t I'splay part
rt term nal .a S .t i q{ t he

RS Bt i Hhratu ST Eroh 15 SRl g vover
.eft _di agram_shows t.he ope gistate and the ri.ght
d&agﬁra%l%sﬁo Pie V&egsﬁlogﬁc % LoH%s Psitasi elgs @ rear
Lerninfg.ap aratui i ncl udes an ugper casing Zi, a
Noler %anlﬁﬁ,ta cefineet B EAFRgeY 2829a"di spiray 2
26, a sub--display 27, a picture light 28, a canera
Lighty fiiss egn LoTHOE gdrsdbl @ USRIt dfparatind izl
fabricated by using the display device according to
StHé Cnbedmesnt Sofl e pr ederten mpérdron %as agk so on,
display 26 and the sub-display 27. FIG 27 shows a
afiddes damerigatedwrvchvsting téwbodisrmty cfevilie prassamting
invention is applied. This video canera includes a
teaitmeb@dpBimeat erfs B tthatsars  idivsposien ers tthe fdieptlay
side of the canera and used to
part 16.

FIG. 25 shows a notebook personal computer to which
the embodiment of the present invention is applied. A
main body 20 thereof includes a keyboard 21 that is
operated in inputting of characters and so on, and the
body cover thereof includes a display part 22 for image
displaying. This notebook personal computer is fabricated
by using the display device according to the embodiment
of the present invention as the display part 22.

FIG. 26 shows portable terminal apparatus to which
the embodiment of the present invention is applied: the
left diagram shows the opened state and the right diagram
shows the closed state. This portable terminal apparatus
includes an upper casing 23, a lower casing 24, a

connection (hinge) 25, a display 26, a sub-display 27, a

picture light 28, a camera 29, and so on. This portable
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capture a subject imge, a start/stop swtch 35 for
i.mag'ing" operation, a nonitor 36, and so on. This
video canera is fabricated by using the display
device according to the enbodi mrent of the present
invention as the nonitor 36. it should be understood
by those skilled in the art that various
nodi fi cati ons, combi nations, sub- conbi nations and
alterations may occur depending or, design

i r.e ot.her- fact or, i o far t hey. r
S RN o e e B s G et st

ui val ents t.hereof. .49 WHAT,.IS CLAI I S:_ A display

A TR Th g BT P AFPRF Tt T TIgRBE Lo
i ncluyde scan lines I spased al ong rows, . signal |jnes
%ﬂ%ﬁﬁ#ﬁﬁ?Eﬂ%ﬂﬁ?QHﬁiﬁéifypgﬁg2%94“5&%tqﬁh_QﬂﬁP 3%65éed
at intersections of the scan |ines and the signha
lines and-afrafgedsSi & Y1A&Pr FRMCARATE HPILYE paFt
configured to .-rive the pixels via the scan |lines

direrdi galth9g infEsenthdreianttipd piskelraliiddide$has
| east a sanpling transistor, a drive transistor, a
Helap capadia gme s 4 ighn ke tithg ellanent34 ghat is
control term nal of the sanpling transistor is
doprectcednt ¢ hehd wodn diidwe,ofardiea qraiqreofarcurssst to

capture a subject image, a start/stop switch 35 for
imaging operation, a monitor 36, and so on. This video
camera 1is fabricated by using the display device
according to the embodiment of the present invention as
the monitor 36.

It should be understood by those skilled in the art
that various modifications, combinations, sub-
combinations and alterations may occur depending on
design requirements and other factor in so far as they
are within the scope of the appended claims or the

equivalents thereof.
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term nals of the sanpling transistor are connected
between the signal line and a control term nal of the
drive transistor, a current termnal of the drive
transistor is connected to the light-emtting

el enent, the hold capacitor is connected between the
control. termnal the drive transistor and the
current terminal of the drive transistor, the drive
part has a scanner that sequentially supplies a

ot rod Sionalp tiosthe scan lines and a driver that
supplies a video signal to the signal lines, 50 in the

pi xel, 1thepsapbiog HEROSLSLafotssigned on in

response the co signal to sanp the video

signal _a [ e _vide [ [ _to.th I .
capaci?oggxggnggggguprg%tgp §?E?F8§stﬁh§8%§#%FhécéPi&énes
ransistor, at the time of, the witing of the vide

&SJT %Er%)a ecl} SIS S T Regati Ve fcifes&%)ascﬁéj tagL e Cﬁ% sy
capacitor fromthe current: termnal of the driv

FREAS S GT T8 'ty TRRPOT dotit H3C ohid 1%y re scan
the drive transistor, and a drive current is supplied

o e S S 13hsi SS 1300t ANt -ehia thaig %7 and
el ement depending on a video signal resulting from

the cofr@ELVEnPaftefrorhdIgsrretti 6a1venéha. pilvers via the

switches a potential of the signal line froma
FEfrerldied potenticalsiamslandinfser nédiztia pot enti al

the pixel includes at least a sampling transistor,
a drive transistor, a hold capacitor, and a light-
emitting element,

a control terminal of the sampling transistor is
connected to the scan line, and a pair of current
terminals of the sampling transistor are connected
between the signal line and a control terminal of the
drive transistor,

a current terminal of the drive transistor is
connected to the light-emitting element,

the hold capacitor is connected between the control
terminal of the drive transistor and the current terminal
of the drive transistor,

the drive part has a scanner that sequentially
supplies a control signal to the scan lines and a driver

that supplies a video signal to the signal lines,
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before swtching the potential of the signal line a
signal potential of the video signal, for the witing
of the video signal to the hold capacitor, and the
scanner supplies a first control signal pulse to turn
on and off the sanpling transistor when the signa
line is at the internediate potential, and then
supplies a second control signal pulse to turn on and
off the sanpling transi stor when the signal line is

at the, nal en 2. .The di s
accordlng %o %g%11%hewﬁgpgllnglgfﬁ§ égﬁner kggﬁgeg e
.potentlal of_t scan line at a redet erm .
Dot 41 hﬂgl CpOé}-ﬁr FGi it T i ieieo
flrst cgg{rol (45e r|S|ng f the second
G e, THSG 1 Sl glema ] Gapaciior,
r)rﬂ(:;her than a potentlal obt ai ned by subtracting a
ANt SSKOITF T G o e Theasil Adis rHnsis tor i ishathet
predeterm ned potential, the sa I|ng transi stor
tth@r fedeo i i+ e sporisaa ¢ itdiengiwso ofiare fiig stubjected
control signal pulse and turned off in response to
tch e sfoad Hiivieg -fbmabp ache Hd ridte dontd clarsigjrialr  fpudnsesheand
then the sanpling transistor is turned on in response
dquo tehng riegimigra-lup foft tehelrsiesorid-aconitstolr Sigradrryr uses
and turned off in response to falling-down of the
correction for mobility of the drive transistor, and a
drive current is supplied from the drive transistor to
the light-emitting element depending on a video signal
resulting from the correction after the correction,
the driver switches a potential of the signal line
from a reference potential to an intermediate potential
before switching the potential of the signal line to a
signal potential of the video signal, for the writing of
the video signal to the hold capacitor, and
the scanner supplies a first control signal pulse
to turn on and off the sampling transistor when the
signal line is at the intermediate potential, and then
supplies a second control signal pulse to turn on and off
the sampling transistor when the signal line is at the
signal potential.

2. The display device according to claim 1,

wherein
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second control signal pulse, and if the signa
;otential is lower than the potential obtained by
subtracting the threshold voltage of the sanpling
transi stor fromthe predeterm ned potential, the
sanpling transistor kept av an on-state during a
period fromthe rising-up of the first control signa
pulse to the falling-down of the second contro
i.gn.al- rulse. 3. The display device according to

ci aim L, B’@SBE%Q @gﬁgaapbbegngagmsw Ohol SCKEPLAL ot o

an of f - state erio ron1fa|I|ng
n
nn%1a9_L

tr%%efe %{]tpro e LQLI tgsa IoQ:g falrlln -down

secon con S oIP%si g pﬁ %ﬁulng e peri o0F A
tenti f th nt r.ol ter naI of the drive

L et e A Pl R gt rbgot%ﬁfalthe

difference :+tf: r,.r t,ncc? between the contro

FEMNACGE the 1Fiate A Efsi stor and the current

termnal of :he drive transisCor is kept constant.
An EIeé?rEH?cSéﬁﬁéﬁaPG§eBBﬁﬁﬁlé?nﬁlgﬁeél§BP§yad89F§€tlal
|nclud|n%é, p|IeI array part configured to include

obxtaringd bipesdd gl ong ks o8t givditd9enext dibsposed

along colunns and pi xel s that are disposed at
sampling transistor from the predetermined potential, the

sampling transistor is turned on in response to rising-up
of the first control signal pulse and turned off in
response to the falling-down of the first control signal
pulse, and then the sampling transistor is turned on in
response to the rising-up of the second control signal
pulse and turned off in response to falling-down of the
second control signal pulse, and

if the signal potential is lower than the potential
obtained by subtracting the threshold voltage of the
sampling transistor from the predetermined potential, the
sampling transistor is kept at an on-state during a
period from the rising-up of the first control signal
pulse to the falling-down of the second control signal
pulse.

3. The display device according to claim 1,
wherein

the sampling transistor is kept at an off-state
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intersections of the scan lines and the signal |ines
and arranged in a matrix; and a drive part configured
to drive the pixels via the scan lines and the signa
lines, wherein the pixel includes at |east a sanpling
transistor, a drive transistor, a hold capacitor, and
a light-emtting elenent, a control term nal of the
sanpling transistor is connected to the scan line,
and a pair of current term nals of the sanpling

st n t d bet en t aI Irne an
C{a]ilrr?gl roI eterm aI %%T dqu\?eéq&rans Coéltro
current Hernkpal of. the drlvej}ran3|st r onnectee
“@%eﬁﬁ&ﬁéﬁ?ﬁ%@&% =% K& 950 C&H& or-9¢
cannect ed between the control termnal the drive

|§¥5¥ and the current term nal of the drive
transistor, the drive part has a scanner th

sequentPat Ny §GEpP?ééO§rcénPPB?n§P@ﬁant5h?h€0§ééﬁl
lines and a driver that supplies a video signal to
He@isignat enés 1vien We@ sgistelr, insresaqel iy such a way
transistor is turned on in response to the contro
tdiagn &lo tem ts@np 196 fiflee enied éns teiegmalt hendomtintad. tteermiinggo of
signal. to the hold
the drive transistor and the current terminal of the
drive transistor is kept constant.
4. An Electronic apparatus comprising
a display device including

a pixel array part configured to include
scan lines disposed along rows, signal lines disposed
along columns, and pixels that are disposed at
intersections of the scan lines and the signal lines and
arranged in a matrix; and

a drive part configured to drive the pixels
via the scan lines and the signal lines, wherein

the pixel includes at least a sampling
transistor, a drive transistor, a hold capacitor, and a
light-emitting element,

a control terminal of the sampling
transistor is connected to the scan line, and a pair of

current terminals of the sampling transistor are

connected between the signal line and a control terminal
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capacitor, and a current. that flows through the
-drive ansistor at the tine of the witing of the
video signal is subjected to negative feedback to the
hol d capacitor fromthe current term nal of the drive
transistor to carry out correction for nmobility of he
drive transistor, and a drive current is supplied
fromthe drive transistor to the light-emtting

el ement depending on a video signal. resulting from
dheorgectd an-afdef-4he correction, the driver
swi tches a potenti al of’ the signal line froma

reference potgntja tﬁehe @Qrmiﬁg g?dtﬁéedrEQEGBEQS% tor

bef ore swi tchi ng e potent| e si gnal

4 ggg v, %ggl for the

V\%)I%Iﬁ{ O%%gw eo gna tﬂ]tq}i %o capamtor and

t he scanner s i es _.a flrst contro

{urn-on and o lﬁgtfﬁ%fdaﬁp% e Pans: oBhnhen BREAEeR tne
[ine is at er medi ate potential. .and then

D o HTE P L G ot T S T G s DU

of f the saﬁgiln transi st or mhen the signal line is

Hrmiel Qg ;ﬁ%%ﬁﬁl Hans st hod for driving a

di spl ay device that includes a pixel array part and a

drive part, tHheepikéere ﬁ?FEyhﬁar@ ﬁﬁ%PGEFnéhéEan | i nes

di sposed along rows, signal |ines disposed al ong

ST iisi 2 land Pioesl i e Matcarerodisipyed @ the scan lines

i ntersections of the scan |lines and the
and a driver that supplies a video signal to the signal

lines,

in the pixel, the sampling transistor 1is
turned on in response to the control signal to sample the
video signal and write the video signal to the hold
capacitor, and a current that flows through the drive
transistor at the time of the writing of the video signal
is subjected to negative feedback to the hold capacitor
from the current terminal of the drive transistor to
carry out correction for mobility of the drive transistor,
and a drive current is supplied from the drive transistor
to the light-emitting element depending on a video signal
resulting from the correction after the correction,

the driver switches a potential of the
signal line from a reference potential to an intermediate

potential before switching the potential of the signal
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signal lines and arranged in a matrix, the drive part
driving the pixels via the scan |lines and the signa
lines, the pixel including at |east a sanpling
transistor, a drive transistor, a hold capacitor. and
alight- emtting element, a control termnal of the
sanpling transistor being connected to the scan |ine,
a pair of current termnals of the sanpling

transi stor being connected between the signal |ine

- contr.ol term . of t drive, transistor,.a
laﬂge ac a{' glr#nnaa %%{%%Ltelag oPe’ck}er avnlsollesci osrl%neélllrfg for the

curren er rive

connected._ t thew%i ht-emtting el Q%, t he hol d
"apadid of" btg}engv er?%escjtgérba]bett(?/ve eﬁﬁg gifthot 5y - and
termnal of the drive transistor and_the current _ 1
termnal of tH® Ur7VRST 3RBPStoF, 3t herdri e part signa
havinq:a scanner that sggyentially supplies a contro
RYgifalt ¢ o e Ftand Qiihds*amPmPlifes sl drqwerhen the
that supplies a a. video t~"]t aF.signal tO the

il 1infests tate Qe tiyrrta s s trort @3 gl + e o e

in response to the control signal to sanple the video
ssiRgnlales endsamdnce adng naldevi wighatultse the thotrd on and off
capacitor, a current that flows through the drive
thaarssigtlomatt nehves 1 gtiqme vofert ihanditgmgl dfirtehel viaded:he
signal being subjected to negative feedback to the
shgrdh Icapaaarttaralfromthe current. termnal of the

drive transistor to carry ou:

5. A method for driving a display device that
includes a pixel array part and a drive part, the pixel
array part including scan lines disposed along rows,
signal lines disposed along columns, and pixels that are
disposed at intersections of the scan lines and the
signal lines and arranged in a matrix, the drive part
driving the pixels via the scan lines and the signal
lines, the pixel including at least a sampling transistor,
a drive transistor, a hold capacitor, and a light-
emitting element, a control terminal of the sampling
transistor being connected to the scan line, a pair of
current terminals of the sampling transistor being
connected between the signal line and a control terminal
of the drive transistor, a current terminal of the drive

transistor being connected to the light-emitting element,

the hold capacitor being connected between the control
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correction for nobility of the drive transistor, a
drive current being supplied fromthe drive
transistor to the light-emtting- el enment dependi ng
on a video signal resulting fromthe correction after
the correction, the mnethod conprising the steps of a
swtching,, by the driver, a potential of the signa
line froma reference potential to an internediate
potential before switching the potential of the signa

tltirgﬁﬂaol ‘%é' l zﬁqlteerg EPASlthé eanvdt 0 S&Lﬁ:&aént terrmlnal

\M‘Itlng e Vi eo S|gna

OC@%“% tcpz_rlvear%qfa Lé[gtpsl {]g tahef I<{ st Cog%natl{tgle Sa%ngal gsucanner

scanner YUrn-oh An

SR IR, LIRLS A 6 e oo
0og: the sc:nr:er to

s oo e o e i o

signal line |s at the S|gnal potential % A display
déiiacle s Silfy:S el At i tRdarke gk GWelqdiay 1in
scan |lines disposed along rows, signal. lines _ts
resEPE DY ddlumnsitrand igneel s a HenRre tdis postRp atignal
i ntersections of the scar; |ines and the signal |ines
sl verrtengéd i de siand Lanhatiddichgansans-dor a
driving the pixels via the scan lines and the signa
dunresit wherteiin,owshe tpiowath itiod ubtlelsre ttrardsastor at the
Sanpl i ng transistor,
time of the writing of the video signal being subjected
to negative feedback to the hold capacitor from the
current terminal of the drive transistor to carry out
correction for mobility of the drive transistor, a drive
current being supplied from the drive transistor to the
light-emitting element depending on a video signal
resulting from the correction after the correction, the
method comprising the steps of:

switching, by the driver, a potential of the signal
line from a reference potential to an intermediate
potential before switching the potential of the signal
line to a signal potential of the video signal, for the
writing of the video signal to the hold capacitor; and

supplying a first control signal pulse from the

scanner to turn on and off the sampling transistor when

the signal line is at the intermediate potential, and
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a drive ..;:ansi stor, a hi:;id capes: it ;r, an z a
liaht emt:c i.ng el :nentf a control term nal of the
sanpling transistor is connected to the scan line,
and a pair of current termnals of the sanpling
transi stor are connected between the signs.]. line
and a cont::col'. termnal of the drive transist:or,
a current termnal of the drive transistor is
connected to the J_a.ght-emtting el ement, the hold
G RRGud Py iy CONNRCHRM hetvwgen iﬁaﬁpwﬁe 485 the

i _lal of the drive ~rans.’'sto- an e cur ren

e A b St BT Ror e
the .S . lines a driver _that, s |.i es video
tsl.hlheg nsaj1 Cﬁ'}‘fjacr)h t]hlé1 %S isigsn %dc ﬁ_‘lhneess, * <-:{nn“’ut rPeOtp‘?“x ej1|oa,l ‘the sanpling

transi%tor is.tu neddon. i n reSﬁonse to the contro

si gnal “to %aﬁb?% The VT ted STghafa%d wite the video
,signal .to_this hold capacitor, ., and a: current  that
flows PRFGUGRTEREIEPI FE2PPansTst of 141 e ke 1éf SFhe
witing of the video .. ..gnal is subjected _ to
TePaisre Fedw KoVl HdMae HIIP CHERAIr FrvH tde-umns,
cu, treat termnal of the drive transistor to carry

et Pledrrectiaon Fer towidsad &f iHe wraake arsansd sthor scan

and a drive current supplied fromthe drive
ltiregrs agich thep sitdra ]l ilghteserdind iawyalgmventn depaidiing amd
a video signa

driving means for driving the pixels via the scan
lines and the signal lines, wherein

the pixel includes at least a sampling transistor,
a drive transistor, a hold capacitor, and a light-
emitting element,

a control terminal of the sampling transistor is
connected to the scan line, and a pair of current
terminals of the sampling transistor are connected
between the signal line and a control terminal of the
drive transistor,

a current terminal of the drive transistor is
connected to the light-emitting element,

the hold capacitor is connected between the control
terminal of the drive transistor and the current terminal

of the drive transistor,

driving means has a scanner that sequentially
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resulting fromthe correction after :he correction,
the driver switches a potential of the signal line
froma reference potential to an internediate
potential before switching the potential of the
signal .tine to a signal potential of the video
signal, for the witing of the video signal to the
hol d oaaci.tor, and the scanner supplies a first
control signal pulse to turn on and off the sanpling

i8] n | s at; .t he
Mﬁ@f‘lﬁedl ate e%[ entl aqsn,agl aé en SCsaunpp e aamsecao ddflver
Gontro naI pu e to turn on .and o e sanpling
s ﬁonetahe ot L

ranS| ﬁ%en t e SI

pOtentlalthgsplxel the sampling transistor is turned on

in response to the control signal to sample the video
signal and write the video signal to the hold capacitor,
and a current that flows through the drive transistor at
the time of the writing of the video signal is subjected
to negative feedback to the hold capacitor from the
current terminal of the drive transistor to carry out
correction for mobility of the drive transistor, and a
drive current is supplied from the drive transistor to
the light-emitting element depending on a video signal
resulting from the correction after the correction,

the driver switches a potential of the signal line
from a reference potential to an intermediate potential
before switching the potential of the signal line to a
signal potential of the video signal, for the writing of
the video signal to the hold capacitor, and

the scanner supplies a first control signal pulse
to turn on and off the sampling transistor when the
signal line is at the intermediate potential, and then
supplies a second control signal pulse to turn on and off
the sampling transistor when the signal line is at the

signal potential.
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