2 2 NOV 2005 LI GHT EM TTI NG DEVI CE AND METHOD OF DRI VI NG THE SAN&*.
BACKGROUND OF THE | NVENTION 1. Field of the Invention 5 The presenf NOV 2005
invention relates to an EL panel in which an EL el enent formed on a
substrate is seal ed between the substrate and a cover nenber, and to a

met hod of driving the EL panel. The invention also relates to an EL nodul e
obtained by nounting an IC to the EL panel, and to a method of driving the
EL rodul e. ThaGHTEMEITENG HHVIEE mﬂtﬂmﬁmn @Frrﬁmq@id; Yraakhage! i ght
emtting devices in this specification. Also, in the present invention 10
el ectronic machines using light emtting devices that display inmages when
driven by the driving nethods are |ncluded 2 Description of the Rel ated
Art Being self-Iun nous, el € , 2 : oﬁed for a backlight
that is necessary in I|q . 5 DS —and t hus make it_ easy
t o manufact 15 dlsplays Also the sel f-1uninous EL el ements
are highi ﬁy@ﬁ§#gﬁﬂgf?3§Wd have no limt in terms of view ng angle. These
are the reasons for attention that |light emtting devices using the EL
elenBnts are reddifAregnt Wveriiarelajesdp gn &4 panshinayhigh v EdsclewentepmedoTRTs
and LCDs. An EL elenment has a |l ayer containing an organi c conpound t hat

pr ovi desubsirisscalnd defvalcadhe pibsiminesd enveyr mheherm andicet tneflodfafaelridingsthe
applied (the layer is hereinafter 20 referred to as EL layer) -in addition
t o an arEldparedy eThaindemictiadlfvodtdsay anh ELLtotle sbaird byahdaitingcnflCamtios BRNI C
conmpounds is classified into Iight em ssion upon return to a base state

from si REhéll afKed bahk@bd Of | WHRIRSEHE N Inciat. | ImtEErpaﬁal:ﬁaa HPWL FRfdUleNark0 a
base state from triplet excitation (phosphorescence). Alight emtting

o 55 oh g %‘%%/Héz’do%%@‘f‘pﬁﬁﬁﬁnﬁvgfg‘rf% Lib S A A

andlg C%Ee%?rgglcar chmesEtlimhg %eg'i]t emlttmg devices that display images when driven by the

driving methods are included.
2. Descrjption of the Related Art
Being self-luminous, EL elements eliminate the need for a backlight that is
necessary in liquid crystal displays (LCDs) and thus make it easy to manufacture thinner
15 .displays. Also, the self-luminous EL elements are high in visibility and have no limit in
terms of viewing angle. These are the reasons for attention that light emitting devices using
the EL elements are receiving in recent years as display devices to replace CRTs and LCDs.
An EL element has a layer containing an organic compound that provides
luminescence (electroluminescence) when an electric field is applied (the layer is hereinafter
20 referred to as EL layer)-in addition to an anode layer and a cathode layer. Iuminescence
obtained from organic compounds is classified into light emission upon reiurn to a base state
from singlet excitation (fluorescence) and light emission upon return to a base state from
triplet excitation (phosphorescence). A light emitting device according to the present

invention can use both types of light emission.




this specification. Specifically, the EL |ayer includes a |ight eiggwgugzmm
| ayer, a hole injection |layer, an electron injection |ayer, a ho
transporting layer, an electron transporting |layer, etc. A basic structure
of an EL elenent is a |lamnate of an anode, a light emtting layer, and a 5
cathode |l ayered in this order. The basic structure can be nodified into a

| am nate of an anode, a hole injection layer, a light emtting |ayer, and
a cat hode | ayer eall the lbjurs that skeprovidedbetivadi fpdrdo hindn canodeare an Bl l@yer in
injection layer, a light emtting |layer, an electron transporting |ayer,
and a cahiQgecitiaspmned Spicitibdify, Hed@r layeP iddlides %Q%ﬁt Ehnahd Oer, %moﬁ—irﬁéE&Lﬁﬁnt

emtting light is expressed as an EL el enent 10 being driven. The

el ement ' bR, b 1 A I LS. of
an' anoddives SLHBRR BBy uitof £ Rt b bl AR B R AR e
device haying an EL element .are roughly divided into,.gnalag.drivin

ot hods ARG GREare 8 o Ho- REERbRS Pinref of Brirgpf 1M Goding iy g o
prom sing in view of transition from anal og broadcasting. to digital

br oa8ca<piiege devreed in this opdein| Bac PRYUC SHYHECRAT PF Y o podaginght & 2an

i mage using@a digital video signal that carries image information as it is
Wi t hout anOf&ar kolpdnieeiionsiagerak light emdhng feyieb gng jagraghode Tevered W hist guder, ppas of
gray scal e display nethods that utilize binary voltages of digital video
si gnal s:lamimetd ef am anodea arlatlie anjcktioni lagenre thiyhd cmittng beyentaneledtonatrdrnisperting
division driving nethod. 20 The area ratio driving nmethod is a driving

met hod ityenttnehh @itidds @hyer&d ditkisdedbri Nto a plurality of sub-pixels and each
sub-pixel is individually driven in accordance with a digital video signa

to obtain gray iﬁﬁhi@s LSRLAYn, 2t Eieelérﬂ&tacﬁlﬁﬁiéfggﬁéh@_isdé)ép‘fés@ﬁ:l 5@%&1@ ékfm&hves

di viding one pixel into plural sub-pixels an riving each sub-pi xe
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tinme d'%k%h%ﬂoe{%ﬁ@ﬂﬁa?§f£§ghcéﬁkdéhe ot her hand, is a driving nethod that

Methods of driving a light emitting device having an EL element are roughly
divided into analog driving methods and digital driving methods. Digital driving is deemed
more promising in view of transition from analog broadcasting to digital broadcasting since it

15  cnables the light emitting device to display an image using a digital video signal that carries
image information as it is without converting the signal into an analog signal.

There are two types of gray scale display methods that utilize binary voltages of
digital video signals: one is an area ratio driving method and the other is a time division
driving method.

20 . The area ratio driving method is a driving method in which a pixel is divided into
a plurality of sub-pixels and each sub-pixel is individually driven in accordance with a digital
video signal to obtain gray scale display. Since the area ratio driving method involves
dividing one pixel into plural sub-pixels and driving each sub-pixel individually, a pixel

electrode is needed for every sub-pixel. This complicates the pixel structure, causing
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provi des gray scale display by controlling the length of tinme piﬁgésNﬁvezmm
lit. Specifically, one frane period is divided into a plurality

sub-frame periods. In each sub-frane period, to be 5 1lit or not is -
determ ned for the respective pixels in accordance with digital video
signals. The accunmul ated | engt hs of sub-frane periods during which a pixel
islit with respect to the Ilength of the entire sub-franme periods in one
frame pen¢angeunienessi ne the gray scale of that pixel. Oganic EL materials
in general have faster response speed than liquid crystals, 10 which nmakes
an EL el enent stitieatxhe divdgiohidrizith wieshoan odrthy iotg:r Haed cisi hadvingl method thdre

pi xel structure of a common light emtting device driven by time division

dri vi ng.prdiBe&a ¢ kidd URPlayD ovlﬁanwgtthe I2baT SNGfe bikell fe 1i25- Spekllicallp dne 2
circuit dlagran1of a pixe common light emtting device. The

! e A e S g o
i 9 9004 TF 9008
bnd Bn' BRI e 8 | %éesevﬁfﬁfmlﬁas Haclrfitut it Sl PR la

connected to the ate si gn | ine 9007. The smntchlng TFT. 9008 has a
source ré%i %‘ﬁuraﬂk& ed lgpagthno %&1 BAME PETBHs RHIRhWIEh @piRed éi "l FEpRECE BLiee
signal line 9005 and the other of which is connected to a gate el ectrode

of the Eengdhiofithrgentiry sopdmmenprriogy in ong feamraperiosy daopune tiectrapisgde obfthathe
light emtting device has one capacitor. The capacitor 9010 is provided to
hol d theixgdt e voltage (the difference in electric potential between the
gate el ectrode and a source region) of the EL driving TFT 9009 when the

swi tching TFT 9@®ganis BIona&elabCinegbneyid davéd Rl kdsp@QEBspesd ithanaliquif ergtaAs.e) .
The source region of the EL driving TFT 9009 is connected to the power

SUPRDY _3vHckmiidb £00D elehfeft aﬂ%levf@?ﬁﬁ@%lﬂs@ﬁ@hm egi on thereof is connected
to an EL el enment 9011. The power supply line 9006 is connected to the
capacitor 9010. pegeribed below is the pixel structure of a common light emitting device driven
by time diyisiou driving. The description is given with reference to Fig. 25.
Fig. 25 is a circuit diagram of a pixel 9004 of a commeon light emitting device.
The pixel 9004 has one of source signal lines (source signal line 9005), one of power supply
15 lines (power supply line 9006), and one of gate signal lines (gate signal line 9007). The
pixel 9004 also has a switching TFT 9008 and an EL driving TFT 9009. The switching TFT
9008 has a gate electrode connected to the gate signal line 9007. The switching TFT 9008
has a source region and a drain region one of which is connected to the source signal line
9005 and the other of which is connected to a gate electrode of the EL driving TFT 9009 and
20 to acapacitor 9010. Each pixel of the light emitting device has one capacitor.
The capacitor 9010 is provided to hold the gaté voltage (the difference in electric
potential between the gate electrode and a source fcgion) of the EL driving TFT 9009 when

the switching TFT 9008 is not selected (when the TFT 9008 is in an OFF state).

The source region of the EL driving TFT 9009 is connected to the power supply
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The EL el enent 9011 conprises of an anode, a cathode, and an EL | ayer

pl aced between the anode and the cathode. |f the anode is in Gohthl¥ 2005 h
the drain region of the EL 5 driving TFT 9009, the anode serves as a pi xel
el ectrode whereas the cathode serves as an opposite electrode. On the other
hand, the cathode serves as the pixel electrode whereas the anode serves
as the opposite electrode if the cathode is in contact wwth the drain

regi on ofin¢ BR06 Ehertns widiginTEFiod ARG eofThecoapqaesi toeareERCil¢oete 9011t h&hEpower

el ement 9011 is given with an opposite electric 10 potential.- -The power

supply | §upplyPRR6000% igtyaRcieltd iR dApi&ior ORI y el ectric potential . The
power supply electric potential and the opposite electric potential are

provi ded by a POYR! E1SOURGR geh@%sﬂlﬁheesa& %—?éﬁrﬁfdl@, cdtfo & 3ﬁé1ﬁn%1§piy@yPﬂsefd ce.

The operation of the pixel shown 1n Fig. I's descri next. A“sefection

signal ig. jnpusted to t Si | line. 9007 tq t.urn .the.swi tching
TsTmer ool e ol B Sah BB e amgiE R And R bt fhegheib ifstad e
(herei nafter ignal is referred to as digital video signal) and

i nputt ed?¥yng m%% éL"s ABAda SqfY‘??ea%i*)@!?“i%lfiCHg‘ﬁﬁ W%areﬁ%ﬁz%atgcg% %Sméf}se%f't Pode
of the EL driving TFT 9009. The digital video signal inputted to the gate
el ect r od@PR9FILE RlsClpded Q) thg ot hgmgghe e¥hedd 385vep 36 dhrenikelofectigde athepaps the  or
0" and used to control switching of the EL driving TFT 20 9009. Wen the
EL dri vi inpd¥Earvesaotheoppositeeddeddiore if the cetbodt isiio cpotactiwitiakheodrainhregivowes the
supply line 9006 is not given to the pixel electrode of the EL el ement 9011

and t herEBLadrieidgiBT B#0%®| enent 9011 does not emit [ight. On the other hand,
when the EL driving TFT 9009 is turned ON, the electric potential of the

power supply |i MEhdOBRsits eRichedt $Otht B Bledeht ®I18GE AR Witl2ar oPkdéitd QiR irad
the EL el enent 9011 to cause the EL element 9011 to emt |ight. The above
opengf I Ofhibiiat QMEC b &Fer ShpFFAURRIOEE s (VBE HWada e TRy eRcHSRIBURY: The
power supply electric'potential and the opposite clectric potential are provided by a power
source placed in an external IC to the display device.
The operation of the pixel shown in Fig. 25 is described next.
A selection signal is inputted to the gate signal line 9007 to turn ON the switching
15  TFT 9008, through which a digital signal carrying image informationl {(hereinafter the signal is
referred to as digital video signal) and inputted to the source signal line 9005 is inputted to the
gate electrode of the EL driving TFT 9009.
The digital video signal inputted to the gate electrode éf the EL driving TFT 9009
contains information, which is ‘1’ or ‘0’ and used to control switching of the EL driving TFT
20 9009. —
When the EL driving TFT 9009 is turned OFF, the electric potential of the power
supply line 9006 is not given to the pixel electrode of the EL element 9011 and therefore the

EL clement 9011 does not emit light. On the other hand, when the EL driving TFT 9009 1s

turned ON, the electric potential of the power supply line 9006 is given to the pixel electrode




In the light emtting device that displays an image through the above
operation, however, the |uminance of the EL el enent changes wdeh hthe 2005
tenmperature is changed in the 5 EL |ayer of the EL el enent due to the
tenperature of the surroundi ngs or heat generated fromthe EL panel itself.
Fig. 26 shows a change in voltage-current characteristic of the EL el enent
when the tenperature of the EL |layer is changed. The current flow ng

t hr ough ofhihe HEl elementedil 1 ks caueethedd. dsmeheodienpematiisthe of the EL layer is

| ownered. On the other hand, the <current flow ng through the EL elenent is

| nereased as_t heTheRRkApHoRTs dohfludibd hAEH pix3, wibidbdladahagd Ryl ARRA! Ne
current flows in the EL eélenent, the nore the EL el enént | oSes the

| um nance. The t - L.ent e . e e, . EL
el enent gai ns mﬁﬁet}%ﬁgir{llgﬂgﬁggg%%%ﬁaﬁgﬁsﬁ@ghagljfn}ﬁ?ggﬂ%%%h %1?: ?%g’e%@%%%gﬁbnt
i s changed. when,a.change i t ratur.e causes shift in amunt of
current FIERCRGTF AT RS Of thy L Bt HEmeR phee DreperLys S Epmeet i 4 ne
EL el enme L is cognstant. The degree of change in | um nance due to

t enpé atﬁ éawgggl@ P@‘—Qﬂ@@&ﬂb@%@éh@ EMPEFARE Of hessurrprpdipgbricheat gengratebfram  EL
materials are used in different EL elenments in order to emt |ight of

di f f er enthe Bl qragel Bpelgollie. 3 spowy 2 ehasaangeolingeeirpat ahanasicosiic ofutke EL
varying degree of changes in lumnance in the EL el enents of different

col or s tdemmaitewh¢n ihepempebtuee bhHthe HL tlyeaisnchdesdidr e The ahoent B RYo@gh T

| NVENTI ON The present invention has been made in view of the probl em above,
and an oB].etdmemdfs fekifcqir8skiicmipartintiobithd BL1&yeplsdyivdRda KOnght ot hidd)ghe
devi ce capabl e of obtaining a constant 22 NOV 2005 | um nance irrespective
of t enpegtdal §lothan @goant iR PENISkRls §dratstd ad AR lebfRbat@@ It hDRIAGNEES &
The present inventors have thought of preventing a change in | um nance of

EL ¢ enghtg due to tenperature change by controlling the |um nance of the
EL elenents with

The less the current flows in the EL element, the more the EL element loses the
luminance. The more the current flows in the EL element, the more the EL clement gains
the luminance. Accordingly, the luminance of the EL element is changed when a change in
temperature causes a shift in amount of current flowing in the EL layer even though the

15  voltage applied to the EL clement is constant.

The degree of change in luminance due to temperature change varies between EL
materials. Therefore, if different EL materials are used in different EL elements in order to
emit light of different colors for color display, a change in temperature can cause varying
degree of changes in luminance in the EL elements of different colors to make it impossible to

20  obtain desired color. —

SUMMARY OF THE INVENTION

The present invention has been made in view of the problem above, and an object

of the present invention is to provide a light emitting device capable of obtaining a constant

n




5 current instead of voltage. In order to cause a constant current to flow
in an EL elenent, a TFT for controlling the amunt of current Zff dithg2llint o
the EL elenent is operated in a saturation range and the drain current of
the TFT is kept constant. The TFT can be operated in the saturation range
if the followng Equation 1 is satisfied. 10 Equation 1 1 VGS - VIH | < |
VDS | wherein VGS is the difference in electric potential between a gate

el ect r odemamhca igespectvd ofit@hperdiitd clariehenldhy esfedddof afdinyOfe ilght Renitting
difference in electric potential between a drain region and the source

regi on. dhicddhen the drain current (the current flowing in a channel
formation region) of the TFT is given as IDs, the nobility of the TFT as

p., the gate ca j : i r.at f. e { dt h
Wto a channel Fgﬁriég@%%%é tnﬁdggg ‘é%ﬁgﬁ%gﬁi?%er%d?nﬁﬁeag%%ﬁggén %rﬁgg?%e& £l
threshold as VTH .and the nobility as he follown ation 2 i .

ot ot ey Rt JBPREREE Shansh by vl e SEE SRR .
VTH) 2/ 2 As can be kpo from Equation 2, the drain current IDs in the

sat uPat i DRPLINgE2] 8T VHEAEE! y changed by VDS but is determined solely by VGS.
Accordingly, the amount of current flowing in the EL elenent is kept
constant by set tingrdeGae tpus @hcepsiaal wargst to fiewk én 1aReEl demeniog 2Gd5or
current value IDs constant. The |um nance of the EL elenent is

subst antdoalrbljingnthp rampemt iod rutrent floreinegnimtntheoFL cliementis fopemataugint nseugtiionhe
EL el ement, and a change in lum nance of the EL elenment upon tenperature
change camged hats theedfpirevenire@f tHOEFSTik Beputshseit.t MEhepTER @8k bepeiftdddm ihs

shown in the follow ng.
saturation range if the following Equation 1 is satisfied.
10 Equation 1
| Vos - Vu| < | Vos|
wherein Vgs is the difference in electric potential between a gate electrode and a source
region, Vry is the threshold, and Vps is the difference in electric potential between a drain
region and the source region.

15 When the drain current (the current ﬂbwing in a channel formation region) of the
TFT‘isrgiven as Ips, the mobility of the TFT as u, the gate capacitance per unit area as C,, the
ratio of a chanpel width W to a channel length L of the channel formation region as \%//L, the
threshold as Vy, and the mobility as p, the following Equation 2 is satisfied in the saturation
range.

20  Eguation 2 -

| Ins = WCoW/L x (Vs - Vn)/2
As can be known from Equation 2, the drain current Ipgs in the saturation range 1s

hardly changed by Vps but is determined solely by Vgs.  Accordingly, the amount of current

flowing in the EL element is kept constant by setting Vgs to such a value as to make the




5 The present invention provides a light emtting device havingzg gbyrgﬁ%ty
of pixels each including a first TFT, a second TFT, a third TFT, o) h
TFT, an EL elenent, a source signal line, and a power supply line, the
device characterized in that: the third TFT and the fourth TFT are
connected to each other at their gate electrodes; 10 the third TFT has a
source region and a drain region one of which is connected to the source

si gnal |dupeniayidue Ine constant. ofhewimthatics of GnEL tiechehois aubhtaitially égpoponiontthe
first TFT, the fourth TFT has a source region and a drain region one of

whi ch i she emoent afcturient fidveindrthiongk elgd BD etdmdieankli & Glanddih RAdndnke optirer] of
which is connected to a gate electrode of the first TFT, 15 a source

regi on Qﬁqrﬁé’iﬁ‘u&bﬁ fimpEhalule TheRsaN@a Rk Beoprbigdgower supply line and the
drain region thereof is connected to a source. region of the second TFT; and

2 drain region ofyligcREan: IRl SnaaNOER Svhda A00, 10, o ectrodes of

the EL el enent. The present |ﬁvent|on provi des a ting device
havi pg a plurali 0 i xels. 20 each i.ncl udin first. TFT,, a,.second TFT,
a thlgl‘ d TFT, a f%ﬁrése%yelghonﬁfméﬁssr@hﬁﬁt eafmétb[&r%éﬂ%ih@ﬁ’éﬂgaﬂ?lﬁ@}ﬁyao Rxels
gate signal .line, a.second gate signal |ine, and a power supply line, the
devi ce GRS RENBRIEBHR 1 FrhaPecond Thiariire HF Ta Purtel f bap - SFTCBls & SHUCH

connected to the first gate signal line at their gate electrodes; 7 2 2 N
O V 20058mkling: pRéia prrehawply énn, theedevicgicharagistzed igrikdtn regi on one of which
is connected to the source signal line and the other of which is connected

to a drain regi ¢lre tHird AFT and ttheTETyrth AF T eer tdnntEFd haseaah sehercat rheqi gae and
a drain region one of which is connected to the drain region of the first
TFT andeldeaoddsher of which is connected to a gate el ectrode of

10 the third TFT has a source region and a drain region one of which is connected to
the source signal line and the other of which is connected to a drain region of the first TFT;
the fourth TFT has a source region and a drain region one of which is connected
to the drain region of the first TFT and the other of which is connected to a gate electrode of
the first TFT;
15 a source region of the first TFT is connected to the power supply line and the
drain region thereof is connected to a source region of the second TFT; and
a drain region of the second TFT is connected to one of two electrodes of the EL
element.
The present invention provides a light emitting device having a plurality of pixels
20  each including a first TFT, a second TFT, a third TFT, a fourth TFT, an EL element, a source
signal line, a first gate signal line, a second gate signal line, and a power supply line, the
device characterized in that:
the third TFT and the fourth TFT are both connected to the first gate signal line at

their gate electrodes;




5 the first TFT, a source region of the first TFT i s connectedat s&fﬁ r
supply line and the drain region thereof is connected to a sogrg e&ﬁ@ﬁe
of the second TFT;. a drain region of the second TFT is connected to one of
two el ectrodes of the EL elenent; and 10 a gate el ectrode of the second
TFT is connected to the second gate signal |ine. The present invention
provides a nethod of driving a light emtting device that has a plurality
of pixels each itlmcthirdi Ty basTFbuasedegionBodel draipregiot hee nbwhistl is henmecteditd zed
in that: the TFT is operated in a saturation range; 15 the anount of

current thd vrdeGigial Gn@agdhde neier Howhiadhi i9 bodmRgieano @ tirdihe gddnlofitbe fisoMETY! | ed
in accordance with a video signal in a first period; VGS of the TFT is

controlled w thghgueHrienhas 286LrdReRin df¥a dfaln @id}%ﬂé &Ndhigh Y eslglkakai ned

current flows into the EL elenent through the TFT in a second period. 20

The pre ! | I AP ' LAl Rgqdeyi ce
(hat " ag e bRkl TF TR BeP b PR pibetlc® ATl AL EReERY The
met hod Eaafa? ized in that: the TFT is operated in a saturation range;

t he Anodfit¥o rrent flowing into a channel formation region of the TFT is

8 22 NO V 2005 control]ed in accordance with a video signal in a first
period;: Vos of atSP8ICPReeios foihe tuph EH T vp CAnRasEsdclgr the ROwes fEPRIR Aing (ATHdHE

controlled with Vos flows into the EL el enent through the channe
f or mat i shaineggiemthefeof frecoTpatightos spaeerdgipaof d. second TFT;

a drain region of the second TFT is connected to one of two electrodes of the EL
element; and

10 a gate electrode of the second TFT is connected to the second gate signal line.

The present invention provides a method of driving a light emitting device that
has a plurality of pixels each including a TFT and an EL element, the method characterized in
that:

the TFT is operated in a saturation rangg;

i5 the amount of current flowing into a channel formation region of the TFT is
controlled in accordance with a video signal in a first period;

Vs of the TFT is controlled with the current; and

Vgs of the TFT is held and a predetermined current flows into the EL element
through the TFT in a second period.

20 The present invention provides a method of driving a light emitting device that
has a plurality of pixels each including a TFT and an EL element, the method characterized in
that:

the TFT is operated in a saturation range;

the amount of current flowing into a channel formation region of the TFT is




5 The present invention provides a nethod of driving a light emttin

device that has a plurality of pixels each including a first 'B:?,N&\?sﬁiﬂﬁnd
TFT, and an EL elenent, the nethod characterized in that: the first TFT is
operated in a saturation range; the amount of current flowing into a
channel formation region of the first TFT is 10 controlled in accordance
with a video signal in a first period; Vos of the first TFT is controlled
wi t h t hecantotledhin acaniav@swish atvikeofsigrst inTélrst gerfvgt d and a predet er ni ned
current flows into the EL element through the first TFT and the second TFT

in a second peri¥gs offthe TPTES esttrdiiad eith 10 cpfrétj d@s a nethod of driving a
light emtting device that 15 has a plurality of pixels each including a

first TFT, a sec@RQulEds cAHIHIRA Vit 1.8 TR infdBie BELNLNE hRbASH Ot él]‘j%fﬁnkf‘

that: the first TFT is operated in a saturation range; the anbunt o

current f| %&greigg)r %ﬁh&m?ﬁgg&@#@@gﬁ region of the first TFT is

controlled 1n ac ance W o'signal in a first period; 20 Vos of
the first TFT is ontroltl.ed \{vith thﬁ curr nt;(é@nd .t he 1thirent. control | ed
wi thNos flows | ROPERE" EEv@UGHANev e b e SRane & W STHbPRdlviegheh of
the first TFT and the _second TFT in a _second period. The present invention
provi deshas hatuddy Of sy parg Bciudigea BrstiklTng swendcEF Tnatd amES elempnis dg ty
of pixels each including a TFT and an EL el enent. the nethod characterized
in 9 2 2mpthod vhpegsrzedingkat: the TFT is operated in a saturation range; the
amount of current flowng into a channel formation region of the TFT is
the first TFT is operated in a saturation range;
the amount of current flowing into a channel formation region of the first TFT is
10  controlled in accordance with a video signal in a first period;
Vs of the first TFT is controlled with the current; and
Vs of the first TFT is held and a predetermined current flows into the EL element
through the first TFT and the second TFT in a second period.
The present invention provides a method of driving a light emitting device that
15  has a plurality of pixels each including a first TFT, a second TFT, and an EL clement, the
method characterized in that:
the first TFT is operated in a saturation range;
the amount of current flowing into a channel formation region of the first TFT is
controlled in accordance with a video signal in a first period;
20 Vgs of the first TFT is controlled with the current; and
the current controlled with Vgs flows into the EL element through the channel
formation region of the first TFT and the second TFT in a second period.

The present invention provides a method of driving a light emitting device that

has a plurality of pixels each including a TFT and an EL element, the method characterized in




controlled in accordance with a video signal in a first period; Y?iﬂﬂ; h&?
TFT is controlled wth the current; VGS of the TFT is held and 3 2
predetermned current flows into the EL el enment through the TFT in a second
period; and no current flows in the EL elenent in a third period. The
present invention provides a nethod of driving a light emtting device that
10 has a plurality of pixels each including a TFT and an EL el enent, the
met hod calaracterized in that: 15 the TFT is operated in a saturation
range; the amount of current flowing into a channel formation region of the

TFT is control kITFD ifestd@NtLsbblo@raniceleo signal in a first period; VGS
of the TFT is controlled with the current; the current controlled wth VGS

and_f1.ovi ng. thr aye okl 6RE0ACh ARKERLLANATGEAD Blmith TElul bous TRTOs he

EL el enent in a secon ocurrent flows in the EL elenent in a

third perio The present .invention pr.ovigdes ethod of driving a |ight
enittin§°H%@#%E“€ﬁ§FﬁmﬁﬁjY”h%“@e%gﬁP§H§€§%§¥m§P§§|s each including a first

TFT, a second TET, d an EL elenment, the method characterized in that:
the Pirst TFT is<66%?§?ﬁﬁrﬁﬁx§“§gggﬁﬂﬁﬁ@%mFﬁﬁbe; the anount of current
flowing into a channel formation region of the first TFT |s congr lled in
accordance wi t h Yosveldde Hilgiaheld qng o predetersape qurrany Hows 1 /theoh 2

the first TFT is coptrolled m@th the current; VGS of the first TFT is held
and a precegk thei Tedircausecond pédisvsni nt o t he EL el enent

no current flows in the EL element in a third period.
The present invention provides a method of driving a light emitting device that
10  has a plurality of pixels each including a TFT and an EL element, the method characterized in
that:
the TFT is operated in a saturation range;
the amount of current flowing into a channel formation region of the TFT is
controiled in accordance with a video signal in a first period;
15 Vg of the TFT is controlled with the current;
the current controlled with Vs and flowing through the channel formation region
of the TFT flows into the EL element in a second period; and s
no current flows in the EL element in a third period.
The present invention provides a method of driving a light emitting device that
20 _ _ has a plurality of pixels each including a first TFT, a second TFT, and an EL element, the
method characterized in that:
the first TFT is operated in a saturation range;
the amount of current flowing into a channel formation region of the first TFT is

controlled in accordance with a video signal in a first period;

10




through the first TFT and the second TFT in a second period; and the second
TFT is turned OFF in a third period. 5 The present invention pZcdiNdds 2805
met hod of driving a light emtting device that has a plurality of pixels
each including a first TFT, a second TFT, and an EL el ement, the nethod
characterized in that: the first TFT is operated in a saturation range; the
anount of current flowing into a channel formation region of the first TFT
is 10 control | ¥ds bhthadosridanseonirolfedavith dtecusieginal in a first period; VGS
of the first TFT is controlled with the current; the current controlled

with VG and fl 9y 0thk BrQUIDAT {shelddainngkddemimhéd Qirdhedowfint®@fhetBICclbinest TFT
flows into the EL el enent through the second TFT in a second period; and

the secgpghothfe isst e & 5edofd @Fthh hdeREiRA0d; lmdThe present invention
provi des a nmethod of driving a light emtting device that has a plurality

of pixels each [h%%yoqfd”ﬁ‘"fﬁghﬁgﬁﬁﬁn aakhﬁgﬁgr@gd.TFT’ athird TFT, a fourth

TFT, and an EL el enent, od characterized in that: in a first

period, the thi TFET and the fourth TFT connecgt. a gat.e el ectrode.of .the

PEre TET o o APRPEoP RSO U panefedror By e ol i i ot

flowing in a channel . 20 formaciion regi on_of the fiTﬁt TFT is control ]| ed
b PREH ARy

with a Jsgesluplyyt pixelyeachmclyding p st Tk § secpptht clemene (75 ent ;
and VGS of the first TFT is held and a predeterm ned current flows into the

EL el en@xthodtiohpgighizedhim thit st TFT in a second period. The present invention
provi des a nmethod of driving a light emtting device that 11 2 2 NOV 2005
has a pl ural it ytheffirgi K&l & apacitied incl aadiragprarafige; st TFT, a second TFT, a third
TFT, a fourth TFI', and an EL elenent, the nethod characterized in that:
the amount of current flowing into a channel formation region of the first TFT is
10  controlled in accordance with a video signal in a first period;
Vs of the first TFT is controlled with the current;
the current controlled with Vs and flowing through the channel formation region
of thel first TFT flows into the EL element through the second TFT in a second period; and
the second TFT is turned OFF 1n a third period.
15 The present invention provides a method of driving a light emitting &evice that
has a plurality of pixels each inciuding a first TFT, a second TFT, a third TFT, a fourth TFT,
and an EL element, the method characterized in that:
in a first period, the third TFT and the fourth TFT connect a gate electrode of the
first TFT to a drain region of the first TFT, and the amount of current flowing in a channel |
20 formation region of the first TFT is controlled with a video signal;
Vs of the first TFT is controlied with the current; and
Vs of the first TET is held and a predetermined current flows into the EL element

through the first TFT in a second period.

The present invention provides a method of driving a light emitting device that

11




inafirst period, the third TFT and the fourth TFT connect a gate

el ectrode of the first TFT to a drain region of the first TFT, and NGk 2005
amount of current flowing in a channel 5 formation region of the first TFT
is controlled with a video signal; Vas of the first TFF is controlled with
the current; and the current controlled with Vos flows into the EL el enent
t hrough the channel formation region of the first TFT and the second TFT

i n a seclsc peraliogof fixelspaes antudingy e first FF ) noxcadsTET, mehho AT a dmirth ‘THTA
light emtting device that 10 has a plurality of pixels each including a
first THRhd @& BEeRRA®nT e mathbBichétadibizeddnftpatr th TFT, and an EL el enment, the
nmet hod characterized in that: a given electric potential is supplied to a

source region ofiytherf herida, Telthird mﬁm t?xic_gfﬂﬁ’tlthf[l“ iceglk&gﬁ ale i@t BF the

el ectrode of the first” TFT and a n region ere ough the third

TFT and & rth T i [ Fad: a rmned current
flows i n@%?tT m& %ﬁ-gglnléeﬁ{bn?%ff%l(%?%?tgg%eﬁ\% tf} ggﬂqﬁr)gnte?fgé(’:ut?%ﬁéﬁo‘% e%tal a anogl t he
vi deq signal .t hrough the.fi .TFT and.the second TET in a second period.
The %res% AR, kgt of#t%er%ﬁﬁl%ﬁ’%%ﬁwdﬁ”d‘f %1 HE"3 1 i ght emitting device
that has a plurali tty of. pixels each including a first TFT, a second TFT, a
third TFP, a fouYenofthafirst INd i qontrolsdemighibe cientapichod characterized in
that: 20 __ in a first period, the third TFT and the fourth TFT connect
agate el ectrode tbf aurrent ¢anirplled™itlt ¥oa fvesi inta drgi B ebfmani éhibigls theTehanpeland
t he amount of current flowng in a channel formation region of the first
TFT i s clonhaiddd egion dfhheafisst TED and gieaderondFEFDfin & berohd patiod[Fp is control | ed
with the current; VGS of the first TFT is held and a predeterm ned current

flows into the Efthehep@ittindehtidn Hroviles2d Qfethdt ou@hvihBe fight $mithg defice hecond
peri od; and the second TFT is turned OFF in a third period.
10  has a plurality of pixels each including a first TFT, a second TFT, a third TFT, a fourth TFT,
and an EL element, the method charactérized in that:

a given electric potential is supplied to a source region of the first TFT;

a video signal is inputted to a gate electrode of the first TFT and a drain region
thereof through the third TFT and the fourth TFT in a first period; and

15 a predetermined current flows into the EL clement in accordance with the electric
potential of the video signal through the first TFT and the second TFT in a second period.

The present invention provides a method of driving a light emitting device that
has a plurality of pixels each including a first TFT, a second TFT, a third TFT, a fourth TFT,
and an EL element, the method characterized in that:

20 .. in a first period, the third TFT and the fourth TFT connect a gate electrode of the
first TFT to a drain region of the first TFT, and the amount of current flowing in a channel
formation region of the first TFT is controlled with a video signal;

Vs of the first TFT 1s controlled with the current;

Vs of the first TFT is held and a predetermined current flows into the EL element

12




The present invention provides a nethod of driving a light emtting device
that has a plurality of pixels each including a first TFT, a 3&cdid PEHR a
third TFT, a fourth TFT, 5 and an EL elenent, the nmethod characterized in
that: in a first period, the third TFT and the fourth TFT connect a gate

el ectrode of the first TFT to a drain region of the first TFT, and the
anmount of current flowng in a channel formation region of the first TFT

i s cont rtbtdughl the fidst AFViide secondpatiod;ad of the first TFT is controlled with
the current; 10 the current controlled with Vos and flow ng through the

channel fornmati qRe 5@GhOTFTGS nirh@t OFF $i a Tkl gdriods i nto the EL el ement
t hrough the second TFT in a second period; and the second TFT is turned OFF

in athird periofhe JR&PIRIEALN PAKSHS @Hleﬁfoﬁvéfctﬁﬁriﬁ% aqumeqnﬁtftmgrdeyicegm
light emtting device that has a plurality of pixels €ach including a

first TET. .a TET thi - TFT. . n I nt,
t he net hh(?a ac%‘g@g@?gfr Dz(%}a elgchh ?’ﬁ%lt% :m-gaa 8}'333%92{ g%togff?l?gb% Ztrl]l?dlp gﬁi %%uﬁ%p 1€d to
a source reqgiqgn of the first TFT, a.videq signal is inputted to a gate

el ecPr ocPéldé’?‘ ﬁh@eﬂcP%&Wﬁgﬂﬁhﬁéﬁ?%eﬁl? ‘on thereof through the third
TFT and the fourth TFT in a first _[%erriod' a predeterm ned current flows
into the EL el erdditiishpesiodotdhice Tiilt3mdithe farbct} connsgt pgpis fiscapde Pt iise

video signal through the first TFI' and the second TFT in a second period;
and t helise€bhdo FRIFainsregionrddhObrsti T g andithedapeyrt o .cuhet Pewi@nn 4 ehgantli on
may be characterized in that the third TFT and the fourth TFT have the
sanme polfatiatyon gioR of tiNFK4s2DPD iBRInkbiBESERIaRTdcONi£RI; THE DRAWNGS | n the
acconpanying drawings: Fig. 1 is a circuit diagramof a pixel of a Iight
emtting device Qgcamad Akt Tt ontrolled with the current;
10 the current controlled with Vggs and flowing through the channel formation region
of the first TFT flows into the EL element through the second TFT in a second period; and
the second TFT is turned OFF in a third period.
The present invention provides a method of driving a light emitting device that
has a plurality of pixels each including a first TFT, a second TFT, a third TFT, a fourth TFT,
15 and an EL element, the method characterized in that:
a given electric potential is supplied to a source region of the first TFT;
a video signal is inputted to a gate electrode of the first TFT and a drain region
thereof through the third TFT and the fourth TFT in a first period;
a predetermined current flows into the EL element in accordance with the electric
20  potential of the video signal through the first TFT and the second TFT in a second period; and
the second TFT is turned OFF in a third period.

The present invention may be characterized in that the third TFT and the fourth

I'FT have the same polarity.




present invention; 5 Fig. 2 is a block diagramshowng a top vie f
light emtting device according to the present invention; Figs. glﬁzom g%%
are timng charts of signals inputted to witing gate signal lines and

di splay gate signal lines; Figs. 4A and 4B are schematic diagrans of a

pi xel being driven; 10 Fig. 5is a timng diagramof witing periods and
display periods; Fig. 6 is a timng chart of signals inputted to witing
gate signal lines and diBRIEYDESAREPTIGMAF THRERAWINGS7 is a timng chart
of signals inputted to witing gate signal |ines and display gate signal
lines; 15 Figs. BAnd &ecBlapah@nsahefBid:- ¢ di agranms of a pixel being driven;
Fig. 9 1is atimng diagramof witing periods, display periods, and

non-di spl.ay per iﬁg]si lif h Qircdi? éiii%irzﬁntcjfrg Reichad Iiétﬁgﬁnﬁitﬁ@&id%&g%@%ffpthe

witing gate sign I nes an splay “ gate si I's a
timng chart, of signals inputted to witing gate signal lines and displ ay
gate sidﬁ%ﬁenﬂnﬁglg,l ig. 12 is atimng chart of signals inputted to witing
gate signal lines apnd display gate signal |jnes; Fi 13.is a timng

di agPam of writifg pisrd bigsk dipezam shovpag ipder Vieanf %@41%&?&%111&3;1611&6 2CEOT
2005 periods; Fig. 14 is a timng diagramof witing periods, display
per i ods,to&brpraeaat #IVeplieny  peri ods;
Figs. 3A and 3B are timing charts of signals inputted to writing gate signal lines
- and display gate signal lines;
| Figs. 4A and 4B are schematic diagrams of a pixel being driven;
10 Fig. 5 i1s a timing diagram of writing periods and display periods;
Fig. 6 is a timing chart of signals inputted to writing gate signal lines and display
gate signal lines;
Fig. 7 is a timing chart of signals inputted to writing gate signal lines and display
gate signal lines;
15 Figs. 8A to 8C are schematic diagrams of a pixel being driven;
Fig. 9 is a timing diagram of writing periods, display periods, and non-display
periods;
Fig. 10 is a timing chart of signals inputted to writing gate signal lines and display
gate signal lines;
20 Fig. 11.is a timing chart of signals inputted to writing gate signal lines and display
gate signal lines;
Fig. 12 is a timing chart of signals inpuited to writing gate signal lines and display
gate signal lines;

Fig. 13 is a timing diagram of writing periods, display periods, and non-display
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Fig. 15 is a timng diagramof witing periods, display peri Od?’ %d
non-display 5 periods; Fig. 16 is a block diagramshowing a s ué i 4J65!
line driving circuit; Fig. 17 is a detail ed diagram of the source signal
line driving circuit; Fig. 18 is a circuit diagramof a current setting
circuit C; Fig. 19 is a block diagram show ng a gate signal line driving
circuit; 10 Fig. 20 is a top view of a pixel of a light emtting device
accor di ngerfceist he present invention; Figs. 21A to 21C are di agrans show ng
a nmethod of manufacturing a light emtting device according to the present
i nvention; Figs.Fig2Mti9 ad26ingl BadthAUrANELS) PN, §RFaPRELNo8k, Ahd non-display
manufacturing a light 15 emtting device according to'the present
i nventi ﬁdﬁ%,g& 23A and 23B are diagrans show ng the method of
manufacturing a light emtting device according to the present invention;
Figs. 24a to 24H.are.diagrans showi ng el.ectronic machi nes to which i ght
enmtting devi cel_%]1g' ?gés Sg&lgﬁt‘ﬁ?gﬁ%n i VS PSS glafla%é’eﬁi’ > aBg “Pg'dgspllayg
circuit diagramof a pixel in a common light emtting device, Fig. 26 is a
gr apﬁ’ s gt the vol tage-current characteristic of an EL el ement; and
Figs. 27A to 27C are sectional views of TFTs using an organic
seni conduct or. 1Big21@isn osk die@anDEPAlitEDsDESCRERT LighddFngldiEcBREFERRED
EMBODI MENTS Enbodi rent Mode 1 Fig. 1 shows the structure of a pixel
accordi ng to theFigr €& e detailedniidgrnm ofthei soetce byhaklivesndriviing &rquit; 1 has a
source signal line Si (one of source signal lines

Fig. 18 1s a circuit diagram of a current setting circuit C1;

Fig. 19 is a block diagram showing a gate signal line driving circuit;
10  Fig. 20 is a top view of a pixel of a light emitting device according to the present
invention;
Figs. 21A to 21C are diagrams showing a method of manufacturing a light
emitting device according to the present invention;
Figs. 22A to 22C are diagrams showing the method of manufacturing a light
15  emitting device according to the present invention;
Figs. 23A and 23B are diagrams showing the method of manufacturing a light
emitting device according to the present invention;
Figs. 24a to 24H are diagrams showing electronic machines to which a light
emitting device of the present invention is applied;
20 Fig. 25 is a circuit diagram of a pixel in a common light emitting device;
Fig. 26 is a graph showing the voltage-current characteristic of an EL element;
and

Figs. 27A to 27C are sectional views of TFTs using an organic semiconductor.




5S1 to Sx), awiting gate signal line Gaj (one of witing gate signal
lines Gal to Gay), a display gate signal line Gbi (one of displZajilyaeld

signal lines Gbl to Gby), and a power supply line Vi (one of power supply
lines V1-to VWx). The nunber of source signal lines and the nunber of power
supply lines are not necessarily the same. The nunber of witing gate
signal lines and the nunber of display 10 gate signal |ines are not
necessarily thesyang) FHOERCREPTIRY OFOTHR MESERIaYS FrbodiMHlergibove wiring
lines, and may have different kinds of wring I'tnes in addition to the

above g 4 ] he pixel 101 also have a first swtching TFT 102, a
second 2%#%%%?%% ié?ﬁ 03, a current controlling TFT 104, an EL driving TFT

105, an EL ele t 6 d a capacitor 107. . 1 he first switching TFT
102" and the secditr SHRPEPRYAERR 153 plieb agarding Byt aeret TE w1 i ng
gate signal line Gaj at their gate electrodes. Note that “connection' in
this specificati®R¥cbiB} shavwp by et ¥ ihas ¢ spiHecsires Lins1Sbéane ¢isppragisigaakiingsed.
The first switching TFT 102 has a source region and a drain region one of
whi ch & sSehrinwcitiag gate sigealsling Gej singnell wriling gsic sigiekl tlhnss didleto Gaywhi ch
is connected to a source region of the EL driving TFT 105. The second

swi t chi rlispldyTeatOSighadire Gliypoeof éigplen gaedignablimdsrGb I edbloy), anka pdwartsupplyi S
connected to the source region of the EL driving TFT 105 and the other of

whi ch iSEQGngsﬂg@Kbdwmmam%ay@naivq&&a&g of the current controlling TFT 104.
In other words, one of the source region and the drain region of the first

swi tohing 16 2 205 Thikicd Qb PlifANHRARE Gunc 0B erl B A6 rd R ON

and the drain region of the second switching TFT 103." The curfen

cont r ol 1., 5&?? atlﬂlg‘éerngg?' Fhe %Hﬁl%% 5?%8&;%@&;%{#&1%&9 a%ﬁethé’?a\ﬁﬁ?gr Eﬁﬁgpéy! I ne

S
Vi and has a I on connected to ce region o Vi ng

TFTlO gate signal lines are not necessarily the same. The pixel may not always have all of the

above wiring lines, and may have different kinds of wiring lines in addition to the above
wiring lines.
The pixel 101 also have a first switching TFT 102, a second switching TFT 103, a
current controlling TFT 104, an EL driving TFT 105, an EL element 106, and a capacitor 107.
15 The first switching TFT 102 and the second switching TFT 103 are both
connected to the writing gate signal line Gaj at their gate electrodes.
Note that ‘connection’ in this specification refers to electric connection unless
otherwise stated.
The first switching TFT 102 has a source region'and a drain region one of which
20  is connected to the source signal line Si and the other of which is connected to a source region
of the EL driving TFT 105. The second switching TFT 103 has a source region and a drain
region one of which is connected to the source region of the EL driving TFT 105 and the
other of which is connected to a gate electrode of the current controiling TFT 104,

In other words, one of the source region and the drain region of the first switching

16




5 105. In this specification, a voltage given to a source region o

n-channel transistor is lower than a voltage given to a draanH%&GM1ﬂm5
thereof. On the other hand, a voltage given to a source region of a
p-channel transistor is higher than a voltage given to a drain region
thereof. 10 A gate electrode of the EL driving TFT 105 is connected to the
display gate signal Iline Gbj. A drain region of the EL driving TFT 105 is
connect e@FTd 02 ipconakcted ecorcosfehofourdreregion aal elediinli@gion Difi eheHecerl desventhidd 6
has the pixel electrode, an opposite el ectrode, and an EL |ayer placed
bet ween the ipsxel el ectrode and the opposite el ectrode. The opposite

el ectrode of the EL elenent 106 is connected to a power supply provided
out si de of the Bine 1arBANGhubRROYPT PRIV seﬁrcepfeg%htc%n &&f (PR pod e

| evel of the electric potentla he pomer supp I'ine Vi (power upp y
el ectric_pote At,:SQNst ant . riC e I
of “the ool i3t drd Bl BB R Hunet i b Bt apls Fn S ARt e oBhE e
first Swi&ﬁhlng TFT 102 and the second smntchlng TFT 103 nay either be 20
n- chahne FTs or p-channel TFTs. However, the first switching TFT 102 and
the second sw tching TFET 103 nust have ‘the same polarity. The current
control ling TI T obisspgciBicainss aysltage Siveminnspureeiegien of 3 pwhas] rapsistomhe
EL driving TFT 105 may either be an n-channel TFT or a p-channel TFT. 17
2.2 N O ¥lgeeshane voltagergivysi el draingegivodecrerid Orethoppws hamd, elvelirgogigenfo t he
EL el ement serves as an anode whereas the other serves as a cat hode. Wen
t he pi xed selrectregide of ey pehaasl thesisoode hiphdr tixe a oppasgi tiecelteat deteregdines
as the cathode, the EL driving TFT 105 is preferably a p-channel TFT. On

t he ot heghefpand, an n-channel TFT is preferable for the EL driving TFT 105
when

10 A gate electrode of the EL driving TFT 105 is connected to the display gate signal
line Gbj. A drain region of the EL driving TFT 105 is connected to a pixel electrode of the
EL element 106. The EL element 106 has the pixel electrode, an -opposite electrode, and an
EL layer placed between the pixel electrode and the opposite electrode. The opposite
electrode of the EL element 106 is connected to a power supply provided outside of the EL

15  panel (a power supply for opposite electrode).

The level of the electric potential of the power supply line Vi (power supply
electric potential) is kept constant. The level of the electric potential of the power supply for
opposite electrode is kept constant as well.

The first switching TFT 102 and the second switching TFT 103 may either be

20  n-channel TFTs or p-channel TFTs. However, the first switching TFT 102 and the second
switching TFT 103 must have the same polarity.

The current controlling TFT 104 may either be an n-channel TFT or a p-channel
TFT.

The EL driving TFT 105 may either be an n-channel TFT or a p-channel TFT.
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5 the opposite electrode serves as the anode and the pixel electrode serves
as the cathode. The capacitor 107 is forned between the gate el 8¢ Ndde 2005
the current controlling TFT 104 and the source region thereof. The '
capacitor 107 is provided to maintain the voltage between the gate

el ectrode of the current controlling TFT 104 and the source region thereof
(the voltage is denoted by Vos) nore securely during the first and second
swi t chi M@ne aOtHERisel & tadd ahd Zhcaopposite nledir@EFof hatEL tlemept $ravesmist aneehodri g.
2 is a block diagramshowing a light emtting device to which a driving

met hod ofhdrée the 08RNEervEvaN tatlibdes Sehi thel pixBetletianie sesysrbothe li6ddembthes a

pi xel portion, 110, a source signal line driving circuit, 111, a witing
gate si gpbsitd BectlideVdePlsClsthdl chtho@) thel B2, drivinglTSW! Y 18 3hEfetbnalp-dhangel
driving circuit. 15 The pixel portion 100 has i1he source signal lines Si to

SX, the et b gRak, old ] t i P lagy: beona
X, T IO nRl ¥akn nldnBGRi FHT & ble! 36 il SRRy igater 3090 Hen
lines Gbl to yf%a%ﬁ%ﬂtkﬂle’ p%\lllver supply l%?)rﬁes \)IE to Wx. A réa I on havi ng one
source signal Line, one witi at.e signal._li n i y. e signal
e S arth® B A Bty A B00F ol R e BBl S
portion 20 100 has a plurality of such regions and the regions forma
matrix. Enbodi mehie %Badios 1B%§%¥QIWQG%FHVGFHit £ %%FBSEﬁCH‘é‘ﬁﬁ Ofn‘éaguff%mocr"?‘{?ghﬁlgof
the light emtting device shown in Fi%ﬁ' 1 and 2 in accqordance with the
present TR and thehsougess eagiqn thsreaki | The sapiciien 107 th p1gviged taympinipipsthe
reference to Figs. 3A and 3B. The driving of the light emtting device
accor di ngliage bhtsveeptizsgatt eiatrede phihe carrebiecairellhgdlF hi o4 dpd Wiengpurgs rggron
witing period Ta and driving in a display period Td. Fig. 3Ais a timng
chart ofthsiegh@hs volgust & eldnoted oyi ¥ dshengaecusélg mating itefirsandd s&codi spli@pingat e
signal lines during the witing period Ta. Periods during which witing
gat€p  TFTs 102 and 103 arc turned OFF, but it may be omitted.
Fig. 2 is a block diagram showing a light emitting device to which a driving
method of the present invention is applied. Reference symbol 100 denotes a pixel portion,
110, a source signal line driving circuit, 111, a writing gate signal line driving circuit, and 112,
a display gate signal line driving circuit.
15 The pixel portion 100 has the source signal lines S1 to Sx, the writing gate signal
lines Gal to Gay, the display gate signal lines Gb1 to Gby, and the power supply lines V1 to
Vx.
A region having one source signal line, one writing gate signal line, one display

gate signal line, and one power supply line corresponds to the pixel 101. The pixel portion

20 100 has a plurality of such regions and the regions form a matrix.

Embodiment Mode 2
Described in this embodiment mode is driving of the light emitting device shown

in Figs. 1 and 2 in accordance with the present invention. The description will be given with
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signal lines and display gate signal lines are selected, in Otfg%NEﬁ[ds
periods in which all of TFTs whose gate el ectrodes are connec Qﬂ@%e

signal lines are.in an ON state, are indicated by "ON in Fig. 3A. On the

ot her hand, 'OFF indicates periods during which witing gate signal |ines

and display gate signal lines are not selected, in other words, periods 10
in which all of TFTs whose gate el ectrodes are connected to those signal

| i nes armgfarencaniodfiEs.s3Atand 3B, t Hee drivingngf therlightl efdtting eviee i dccorgingatoe the

signal lines Gal to Gay are selected in order whereas the display gate

si gnal |preest Gykntion Chybadyidt infediechgdn a Wistidggreriod Taoindadrivé@n &t A@isplay
current Ic flows into the respective source signal lines S1 to Sx is
determ iodyrd. 15 digital video signals inputted to the source signal line

driving circuit 110. Fig. 4Ais a schematic diagram of a pixel when the
constant currentglCafhl QWS iy t.he -SigRalo |y Iy ‘]

writing period Tég S%hce fhehgfwgﬁ‘gaﬁg%ﬂ?ﬁ l%@Tlgdgﬁgp ba?ﬁgbggé%% and
swi t ¢hin 3.are.in an .ON state, when.the source signal.line.S
Fecervec e eh Bled s Mgk il Mg MR PGSR Phich R e,
the drain region and. the source. .20 regjon_of the current controlling TFT
104. The“%'@ﬁ%&‘és ?féggléﬂlaﬁfgaierﬁég@& fipghtres fﬁfﬁeé’l inj GReT Frerds ATiPSs Botrhiseiedt o

t he power su%ply line Vi and is kept at a certain electric potenti al
(power s yhasce gatej degendshtaralcpnneried oukhoshsigiantine pienig FF PN odatpsare
operated in the saturation range, and VGS is therefore |ogically obtained
by substindigaticddyl €OFbin Fids 34 BEQuah¢ othe? hadd ‘DFEF Nodicife® pOdodsf diring whivdt ant
current Ic does not flowinto the source signal line Si, the source signal
line Si wetikepite 3ignbhéne3 aire dedpbot Fat€ sipadl dies ade @S sdlf@ed) Grvethes uppdsy ptiicd Vi .
In this case, VGS 0 Wen the witing period Ta is ended, the display
periigd T viifici BROE GO Ts SvHok 8 gatd Bldcfrodest drflchgheeRRalé tiRfse SigaRRlifesi AP 42 DFF0
witing gate signal |ines and display

state.

In the writing period Ta, the writing gate signal lines Gal to Gay are selected in
order whereas the display gate signal lines Gbl to Gby are not selected. Whether or not a
constant current Ic flows into the respective source signal lines S1 to Sx is determined by

15  digital video signals inputted to the source signal line driving circuit 110.

Fig. 4A is a schematic diagram of a pixel when the constant current Ic flows into
the source signal line Si during the writing period Ta. Since the first switching TFT 102 and
the second switching TFT 103 are in an ON state, when the source signal line Si receives the
constant current Ic, the constant current Ic flows between the drain region and the source

20  region of the current controlling TFT 104.

The source region of the current controlling TFT 104 is connected to the power
supply line Vi and is kept at a certain electric potential (power supply electric potential).

The current controlling TFT 104 is operated in the saturation range, and Vgs 15

therefore [ogically obtained by substituting Ic for Ipg in Equation 2.
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gate signal lines during the display period Td. In the display period Td,
none of the witing gate signal lines Gal to Gay is selected V\ﬁé’rﬂ@g 12085
di splay period gate signal lines Gbl to Gy are all selected. Fig. 4Bis a
schematic diagramof a pixel in the display period Td. The first 10
switching TFT 102 and the second switching TFT 103 are in an OFF state. The
source region of the current controlli nH TET 104 is connected.tq the power
supply line Vi difdhg sonsemt cugentddc does aphilaw dpiorthe syBeepenal inepywkic SOUESI v
electric potential). VGS set in the witing period Ta is maintai ned during
t he di splignal pise Sods Rapt at fecemdi aheftys potB8ial sis thegpavedr Isyppiiae véd bythisngsae.t i ng
VGS to Equation 2. 15 Since VGS = 0 when the constant current |Ic does not
flowin vhe=oriting period Ta, there is no current flowif the threshold
is 0. Then the EL elenent 106 does not emt |ight. _\Wen the constant

current Ic flowswiuh iROwtings E&éﬂid& TWis READ thelBspl riod TdR¥tattedl t o Equation
2 to obtain Ic as the current value IDs. In the display period Td, the EL

drivigng TFT 1051:%_33{%%5'&911'1@}&8{ cg%_i’g%‘ﬁlls;iﬂltﬁ}tfé#rté %’ftin% GaleQidnaPihdsAnd Ia%gﬁltlyhe

el ement 106, whic en em he writi'ng period Ta an
di splay peri.od . Td are.reeteﬁil al t ated in one frame period as
descri bega?%ﬂgﬁ}fg:{m\%g?lé% SﬂdéSpar%%e Old dgi splayed. In the case where n bit
digital video signals are used di spl ay, an i nage, at | east i ting.
peri ods and n di BpPaylishley Péted e oRb i dt rHnenets pigmal e Bal @ B N o
V 2005 A witing period Tal and a display period Tdl are for a 1 bit
di gi tal selasesd wlhegensithe displayipering spresisadl fne Ghldo &tyiasprihgeleded-od Td2 are
for a 2 bit digital signal, and a witing period Tan and a display period
Tdn are for a n Bt 4Biigia sthewatedliggrgnadf. a pixgl irbthesdispley pemed didagdaenfost n
witing periods (Tal to Tan) and n display periods 5 (Tdl to Tdn) in one
frame pedwiathinglTETh0 Zahtid sa@vhd swidhiegt BBT t0Beraid ah HeFN atatd. c alheasousce
region of the current controlling TFT 104 is connected to the power supply line Vi and is kept
at a certain electric potential (power supply electric potential).
Vgs set in the writing period Ta is maintained during the display period Td.
Accordingly, Ipg is logically obtained by inputting Vgs to Equation 2.
i5 Since Vg =~ 0 when the constant current Ic does not flow in the writing period Ta,
there is no current flow if the threshold is 0. Then the EL element 106 does not emit light.
When the constant current Ic flows during the writing period Ta, Vgg is inputted
to Equation 2 to obtain Ic as the current value Ips. In the display period Td, the EL driving
TFT 105 is turned ON to cause the current Ic to flow in the EL element 106, which then emits
20 _ light.
The writing period Ta and the display period Td are repeatedly alternated in one
frame period as described above, whereby one image is displayed. In the case where n bit

digital video signals are used to display an image, at least n writing periods and n display

periods are provided in one frame period.




indicates the position of witing gate signal lines and display gate signal
lines of pixels. Awiting period Tam(mis an arbitrary nunber? Pag@y nzgs
froml1l ton) is followed by a display period that is for the digital video
signal of the sane bit, in this case, a display period Tdm One witing
period Ta and one display period Td constitute a sub-franme period 10 SE The
witing period Tam and the display period Tdmthat are for an mbit digital
video signal mékeriting pbridd Fmeapka doplagmeriod Ad! laenigr i loit diggtaldyiden signal,
periods Tdl to Tdn is set so as to satisfy Tdl : Td2 :Tdn=20:21: :2"-1
Accor di agwiiting beristt Y2 ngd medikgdy ptrbd &dpras éot a i2nviedigiah siggalaynd eal@ting
display is 15 obtained by controlling the total light em ssion tinme of a

pi xel i ReOSETid A MEHlaPPeridl Tén hlegor AROULSH] Wkt BRznalt he i ght em tting
device of the present invention can obtain a |um nance of constant |evel

irrespective of FE%‘?%H%%ME d Sf n%&lf‘g?)}?é}}?{dg(ﬂlftodfafni Q%c?ﬁ”dis layREgad al s

are wused in EL enents o ITferent co s inorder to display i'n color,
t enper a C ge doe not .cau varyi ng, deqr. . in.d un nance
bet vben (|4 RO E AR el BhicTor Dt oo HER SR G R e PR LBttty

desired . cqolors is thus avaided. Epbodi nent de 3 The Iight emtting device
Shown | #CHFAEES the Patmof HILE g sH¥aal ges Ang H@P‘ﬁw@féﬁe@a} fosatPeirican be
driven by a driving nmethod different fromthe one described in_Enmbodi nent
21 2 2 N OV 2085wKBHES periodrifpm (g isvAnragbmeheembgt| Rngiae &gy it alisiplipwed
reference to Figs. 6 to 9. First, the witing period Tal is started in

pi xel s bm aldismaperiod that fefomtha digyalpddéwmsighallof the sams bitsial thistdapm asjigiay
(witing selection signal) is inputted fromthe witing gate signal |ine
dri vi ng petis€ Tiin. 1 Ohetvaritidpeparfddt Tanghdgaicaligilgnpdriddi TiecorbtiGad 2 swofrbhapetite
witing gate signal line Gal is selected. A signal line being selected
neaf§ i BEL hirhe SRERI IR TOM hi@ihe IEdSaypOss] Tahenal e tsodes Wt gighanvided ed

to that signal line are all
signal make a sub-frame period SFm.
The length of the display periods Td1 to Tdn is set so as to satisfy Td1 : Td2 : - -
According to the driving method of the present invention, gray scale display is
15  obtained by controlling the total light emission time of a pixel in one frame period. With the
above structure, the light emitting device of the present invention can obtain a luminance of
constant level irrespective of temperature change. Furthermore, if different EL materials are
used in EL elements of different colors in order to display in color, temperature change does

not cause varying degrees of changes in luminance between the EL elements of different

20 colors and a failure to obtain desired colors is thus avoided.

Embodiment Mode 3
The light emitting device shown in Figs. 1 and 2 in accordance with the present

invention can be driven by a driving method different from the one described in Embodiment




brought into an ON state. Then the first switching TFT 102 and the second
switching TFT 103 are turned ON in each of the pixels that have ghgjy 2005
witing gate signal line Gal (the pixels on Line One). 10 The display gate
signal line Gl of the pixels on Line One is not selected during the
witing period Tat. Therefore every EL driving TFT 105 in the pixels on
Line One js in _an OFF state. A 1 bit digital video signal is inputted to
t he sour d%?gn;@SIqTW@WFWﬁ&%PPéﬁﬁ’lfimi‘g@”thd’ﬁ@f%F8?ﬁﬁgﬁefstoh%w much current
flows into the source signal lines Si to Sx. 15 Digital video signals
contain infor mat Fig, thomirgingipstio@ Tabis statted imptielsianalingOdeo  si gnal carrying
0" is a signal having Lo (Low) voltage whereas a digital video signal
carrying 1' i sinathei @ridhg pasbdalty a(fhisgbglestizint sigeal @ritin’ sdl&tibh ssgrabials

whereas "1' is Lo signal. Information contained in a digital video signal,
0" or 1hputteld$fﬂdlﬁleﬁetv(lf’m(ﬁig"l%zlit@|sz@19!31n‘i1‘3r ahibin W%Lﬂhrc@ﬂtlllftb QM¢ Rgitin f@ éathes@ﬁtﬂrlﬁﬁt
controlling TFT 104. 20 pecificall ich information o 0" and a

di gi &al G&P‘%@ tﬁé&ﬂ@{wﬁa%rgt Eess %gaggé gagggf e&%&ém{% e{gngmt 1 %m%ms

current Tc flows betwee urce S|gna

line Si Q}Qbﬁ%%emhceﬁ %utr %e’?#fll‘c\%ﬂ%% fglgct-rrcgd-lf;ts 121964 (‘:onne $l| Cgl} ICIE" NGe al

102, ersecont hi's speC| ¥ |npu a

wde05|n to ap thm whet.h o] 2 NOV 2

const antCHo0EHdRp bﬁe% bR TSy EuIe EhhPg 4ne e %ﬁco%awﬁu

signal line Si is determned. Fig. 8Ais a schematic djagram of a pixel |n

the wri t10grpérmed OPhin eaohof e Elﬁ%ls\mqtthﬁﬁfgthﬁéﬁ%‘éﬂ gale Slgflg'eh% Gl (fhe ghieks

signal line Gal is selected whereas 5 the display gate signal line Gbl is

not sel ext ke Biepce the first switching TFT 102 and the second switching

TFT 103 are turned ON, when the source signal line Si receives the constant
10 The display gate signal line Gbl of the pixels on Line One is not selected during

the writing period Tal. Therefore every EL driving TFT 105 in the pixels on Line One is in
an OFF state.
A 1 bit digital video signal is inputted to the source signal line driving circuit 110

and determines how much current flows into the source signal lines S1 to Sx.

15 Digital video signals contain information, which is ‘0’ or ‘1’. A digital video
signal carrying ‘0’ is a signal having Lo (Low) voltage whereas a digital video signal carrying
‘1’ is a signal having Hi (High) voltage, or ‘0’ is Hi signal whereas ‘1’ is Lo signal.
Information contained in a digital video signal, ‘0° or ‘1°, is used to control the drain current
flowing in the current controlling TFT 104.

20 __ Specifically, which information of ‘0’ and ‘1’ a digital video signal carries
determines whether or not the constant current Ic flows between the power supply line Vi and
the source signal line Si through the current controlling TFT 104, the first switching TFT 102,
and the second switching TFT 103.

In this specification, input of a video signal to a pixel means that whether or not




current Ic, the constant current Ic flows between the drain reglgrhE
source region of the <current controlling TFT. At this point QV 2005
driving TFT 105 is in an OFF state. Therefore the electric potential of
the power supply line Vi is not given to the pixel electrode 10 of the EL
el ement 106 and the EL el enent 106 does not emit light. The sour ce region
of the current controlling TFT 104 is connected to tGP power . ppI y_l.ine
Vi and it8e geupstanheuer &5 fIa1R Deeer thecP Qe SRRRLE NP Yo R tefwabw sighebling 3 5
potential). The current controlling TFT 104 is operated in the saturation
range, ahqu:nm@dof the current controlling TFT 104 is therefore logically
obt ai ned by substituting Ic for IDs in Equation 2. 15 If the constant
current |c does Higt8A4 isavechahaid diegrmamuicepiselgndle Jiiteg SiriodtTaé. source si gnal
line Si is kept at the sanme electric potential as the power _supply line Vi.

In this case, Voging e '\N’i‘xt&?%eﬁ@(ﬂ TentheRatihekhte REndHInlGA. is\WRttel ReeWak t | NY

gate signal line Gal" is no I'onger selected, the witing period Tal is
endeq inud Bﬁgﬁg)@ltéﬂ a1 liidees % ncﬁgefe@aﬁpl §ﬁ1h9ﬂleoiflrs$ MHA’M’M% TRy Rerirednlal
int eplxel nL|n One is |l owed by start of the witing period Tal

In the e 4 8 reb QDU HE dodPant
sel ect {% ﬁ&e%%v(\i/r |V§P;rk1lg{ggat e%;a; 6@&%@19}9 Vﬁ%m%é éoglgcr?:glgﬁ ﬁruét |§10rr(13 that t h% S(Pz}ﬂxel
on Line lféa cted i er f.or med. Tereafter witin a
T gnal IoPEE: End Ry ufitn! €4t Bvrer r GEPT Ra %ﬁﬁsﬁ?‘”ﬁ? &%ﬂ% oibEr go
the witing period Tal and the sanme operation as 2 2 N OV 2005 t i xel s
on Li ne A&t spnigpling Woi- ntAt Has it dbe Fdr idgiymea i Tdo b2y 18100 \Al | B Sveen
pixels on a line and pixels on another line, and the length of the witing
peri od Tieraforertbe plsatiis patertiabol @ngapwebﬁuptphehp@ﬁfit By givicRdgo W Rikelelegtiode ng
gate signal line of pixels on aline is selected. Starting 5 points of the
wr i Lbng ofiehd BH ckatenail @6 sicoidg dileclehent IPoxlebsnarmat lighte and pi xel s on anot her
line, and the same applies to the witing periods Ta2 to Tan. Wile the
‘writing period Tele dosrdtragioadfithe tieemicsalrsilian THMe04Tisocoanektéaniberpower
supply line Vi and is kept at a certain electric potential (power supply electric potential).
The current controlling TFT 104 is operated in the saturation range, and Vgs of the current
cbntroﬂing TFT 104 is therefore logically obtained by substituting Ic for Ips in Equation 2.
15 If the constant current Ic does not flow into the source signal line Si, the source
signal line Si is kept at the same electric potential as the power supply line Vi. In this case,
Vgs = 0 in the current controlling TFT 104.
When the writing gate signal line Gal is no longer selected, the writing period Tal
is ended in the pixels on Line One.
20 _ Completion of the writing period Tal in the pixels on Line One is followed by
start of the writing period Tal in the pixels on Line Two. A writing selection signal is
inputted to select the writing gate signal Ga2, and the same operation that the pixels on Line

One have conducted is performed. Thereafter the writing gate signal lines Ga3 to Gay are

selected in order, so that all pixels undergo the writing period Tal and the same operation as
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pi xel s on the subsequent lines after the witing period Tai is ended in the
pi xel s on Line One, a display period Trl is started in the pi XeEsNO® 2li5e
One. 10 In the display period Trl, a second sel ection signal (display

selection signal) is inputted fromthe display gate signal |ine driving
circuit 112 to the display gate signal line Gbl to select the display gate
signal line Gbl. Selecting the display gate signal line Gil is started

bef ore stbf @itelsnen bine Qmei ting gate signal lines Ga2 to Gay is conpleted
Preferably, selecting the display gate signal line Gl is started at the
sanme time sel ectAnghidhepoint the Reritiy@t geribd Bl goades lupnewriGaBetves tpinclsesh aftimer
the selection period of the witing gate signal line Gal is ended. Fig. 8B
i s a scharmiik&s Shadbmer Hﬁe,ﬁn_@ulxeeiengwdmﬁe fiigindlipeRbAYa P& rRFonts o thdleh b

di splay period Trl, the witing gate signal Iine Gal is not selected

wher eas I: i L0e: ] T Yol i.ngl v

R S A o e e MO
while the.EL driving TET.i rned ON i,n. each, 20 of the pixels on Li.ne
e, Stheralin etk pd bipod mit i aspbreadnt PRk BrerhiEnRi Sucmilbel MBS, o

t he power upply line Vi and.is kept_at certain electric potenti al

( power s@&ﬁﬁ?/?%?%ﬁﬁﬂqeﬁ tcb@ﬁé’?ﬁtf%ge.mﬁﬁlgé @faraf‘he current controlling -TFT 104,
whi ch has been set in the_wwitiQ%éPerjod Tal, is mintained by the
capaci tor 107 or™MbHe the peitifigeperioe [4dr ist stargedgiay Ee piggiacn jipe Tg agd thgg in

| onger 24 2 2 NOV 2005 sel ected. The current I1Ds flow ng between the source
regi on argels e thir sibsequegi bresaftet the witttrg partodclaitis eidedny theRTxdl9 4n dting Qine,
point is obtained by inputting Vcs to Equation 2. The current IDs flows

i nt o thea dkpley pemmt TAIGS stahed irgthe phelsdn Dinedreg TFT 105 that is turned ON,
and the EL el enent 106 emts light as a result. 5 Vcs = 0 in the current

congpol I i ng TFT thOde idispldiep&itid BNt al @cotReseldt@bn fiaw whidley sdif@iowdignangisgat e
signal line Gal is selected. Accordingly, there is no current flow between

Lhe sourigg, &0k oR MRS ggt@is@lspgﬁé)eﬁ%gtéﬁ%ug YA 8D thE BRBIG! dale o k04
Gb1 to select the display gate signal line Gbl. Selecting the display gate signal line Gbl is
started before selecting the writing gate signal lines Ga2 to Gay is completed. Preferably,
selecting the display gate signal line Gb1 is started at the same time selecting the writing gate

15  signal line Ga2 is started after the selection period of the writing gate signal line Gal is ended.

Fig. 8B is a schematic diagram of a pixel during the display period Tr1.

In the display period Trl, the writing gate signal line Gal is not selected whereas
the display gate signal line Gb1 is selected. Accordingly, the first switching TFT 102 and
the second switching TFT 103 are turned OFF while the EL driving TFT is turned ON in each

20  of the pixels on Line One.

The source region of the current controlling TFT 104 is connected to the power

supply line Vi and is kept ai a certain electric potential (power Supply electric potential).

Vgs of the current controlling TFT 104, which has been set in the writing period Tal, is

maintained by the capacitor 107 or the like when the writing gate signal line Gal 1s no longer




106 does not emt light. In this way, a digital video signal is,in ted to
pi xel s and then a display gate 10 signal line is selected to d%tzeﬁmlnéf?%
whet her the EL elenment 106 emits light or not. An image is thus displayed
with pixels. After the display period Trl is started in the pixels on Line
One, the display period Trl is started in the pixels on Line Two as well.

A di splay selection signal selects the display gate signal |line G2, and
t he sanmesetpoedat Toa duhratt Ieflpiingl tgeen theesoOne fegiva difsl the nitteint redionsof the
performed. Thereafter the display gate signal lines Ga3 to Gby are sel ected

in ordetuyreaocéhailiad TFPi D&l & thiRqeyigois tobeaistidsip) Aypupieii be; or Equardn Che Thanme
operation as the pixels on Line One. The display period Tri for pixels on

a line cQiffBRAMISstiftolNE FPELIEREh0Ws (RSDuYR G EL ariting PIFaY 1@Rihe: Sivgkiad ON,ne
of the pixels on that line is selected. Starting pornts of the display 20

period T] EeToloT -7 ni xel a line and pi xel s on anot her |i ne,
and the @g&@égg%ﬁl es Itsge |§€)1 ae;a%pazrﬁglghs Tr2 to Tm Wiile the display

periQd Trl is started.n the pixels on Li nd in pixels t he.
Cubsdquent 1; nesyosandenrhaoeht ripfs Har bR R Tia: & ne intidhve
conpl ete the _display perio& Tri in the ix%s on,Line One. 25 2 5 NOV 2005
In the ph%&EingEals Hgnenne Gahsnseedyh aﬁfﬁe iRgdy Hh$TC 18 nQ (CHFF LN HRtween
conpletion of the display period Trl. The display grate signal line Gl is
no | ongethe seyree regipnaand ta¢ drain Eigionde W wyrrpptonpeiling Hilel 4 and| tge & dlsmentone
is turned OFF. At this point, the witing gate signal line Gal renains
unsel ectklb. doss Sptrameit tiglt. EL dri ving TFT 105 in each of the pixels on Line
One is in an OFF state, the power supply electric potential of the power
supply l'ine Vi ila tABtway, wedigiial video Bignal iseinpatiddotepiatistdnd thin al dspnt gd1@6.
Therefore no EL el enent 106 in the pixels on Line One

10  signal line is selected to det€rmine whether the EL element 106 emits light or not. An image

is thus displayed with pixels.

After the display period Trl is started in the pixels on Line One, the display
period 111 is started in the pixels on Line Two as well. A display selection signal selects the
display gate signal line Gb2, and the same operation that the pixels on Line One have

15 conducted is performed. Thereafter the display gate signal lines Ga3 to Gby are selected in
order, so that all pixels undergo the display pertod Trl and the same operation as the pixels on
Line One.

The display period Tri for pixels on a line corresponds to the period during which

a display gate signal line of the pixels on that line is selected. Starting points of the display
20  period Trl are staggered for pixels on a line and pixels on another line, and the same applies
to display periods T2 to Trn.

While the display period TTl is started in the pixels on Line Two and in pixels on

the subsequent lines, selecting the display gate signal line Gbl is ended to complete the

display period Trl in the pixels on Line One.
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emts light and the pixels on Line One are not |lit up for display. Fig. 8C
is a schematic diagram of one of the pixels on Line One when th@ HD¥pPtds

10 gate signal line Gbl and the witing gate signal Iine Gal are not
selected. The first switching TFT 102 and the second switching TFT 103 are
turned OFF and the EL driving TFT 105 is also turned OFF. The EL el enent
106 therefore does not emt light. After the non-display period Tdl is
started in the dnxed pixels obiliee One, a tdredidplsplpeniod Pel isodarfad ufios cengédioand t he
non-di splay period Tdl is started in the pixels on Line Two as 15 well. A
di spl ay thekBplaygrrisd ganl e ¢ieplsy pixe sthinaplidy Ghatens icnged selldorgl 4da%veanHLt he
sanme operation that the pixels on Line One have conducted is perforned by
the pi Xl i@NTETNRSTMOhe pHREE BR1LAY OhBes dimel aFFIaihe sk %ﬁﬁ{t, {He%ﬁti@gatteo
Goby are selected in order, so that the display period Trl 1s conpleted and

t he non-gd| . i Tdl. . tarted to carry out the sane operation as
t he pixéﬁ P%&{PﬁgEé %n?%m¥k%mghtire pi xel s. 20 Starting points of the

non- di spl ay period Tdl_are st . for, pixels on | i and pxel s on
B0t fer 1 e TR e o O B A Gt LS sl e R wbbFEshinas
to the period during which a witing gate signal. line is not selected and
a di spl d° PAPET SPRRAICIGG e PrisntideploiEaRPYSY SURBY e VS 15 M0t gD Pride tRE e

t he non-display period Tdl is started in the pixels on Line Two and in 26 2
2 Nov 200stids ef shoRLtdwmenidoequéherciuinas Eloeleaknet0q methsarixds opllaye pei od
Tdl is started in all pixels, selecting the witing gate signal |ine Gat

i s st ar tenitstigght bedjile piteds ow Liner(@pepee noditTeXor displag  pi xel s on Line One. A
writing period of pixels on a line does not overlap a witing period of

pi xel s on 5 an@ifiesC {si s htmatid@iapfa@beNdne dTBNHixOR.onTiNiae €f@nehen the Hishag
period of the pixels on Line One Is started after a witing period Is

ended i nyaRi XRhsl BRe LGHE aXd tﬁ@ewﬁﬂiff@gﬁtcoél%ﬁﬁt Bnd1€58 bR hHiesqanmi Wayhd eyt do
in the witing period Tal, except
switching TFT 102 and the second switching TFT 103 are tumed OFF and the EL dniving
TFT 105 is also turned OFF. The EL element 106 therefore does not emit light.
After the non-display period Td1 is started in the pixels on Line One, the display
period T1l is ended and the non-display period Tdl is started in the pixels on Line Two as

15 well. A display sclection signal selects the display gate signal line Gb2, and the same
operation that the pixels on Line One have conducted is performed by the pixels on Line Two.
Thereafter the display gate signal lines Gb3 to Gby are selected in order, so that the display
period Trl is completed and the non-display périod Td1 is started to carry out the same
operation as the pixels on Line One in the entire pixels.

20 Starting peints of the non-display period Td1 are staggered for pixels on a line and
pixels on another line. The non-display period Td1 for pixels on a line corresponds to the
period during which a writing gate signal line is not selected and a display gate signal line is
selected in the pixels on that line.

While the non-display period Td1 is started in the pixels on Line Two and i
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that a 2 bit digital video signal is inputted to the pixels in I, t
period Ta2. After the witing period Ta2 is ended in the pixel stzoz %Vméﬂﬂg

One, the witing period 10 Ta2 is started in the pixels on Line Two and
then in pixels on the subsequent lines in order. Wile the witing period
Ta2 is started in the pixels on Line Two and in pixels on the subsequent
lines, the display period Tr2 is started in the pixels on Line One.

Si mi | ar IBj*¢ls ontthe Sdg spabeny lpes. odaffar| the tnhe-dipkes peradeTd1 s stprtécbin elil gitedy, i n
accordance with a 2 bit digital video signal in the display period Tr2. 15
Af ter t hrelediisgltlay wpkting aghtcTsignalslimt Ga2 édstarted e bpginahs wattinlgi pejodE2 fnhée
witing period Ta2 is ended and the display period Tr2 is started in the
pi xel s giixdis 6@ Linooahd in  pixels on the subsequent lines in order. In this
way, pixels on the respective lines are lit up for display. Wile the_

di spl ay period TA%vrit 5? oRibh &F 81:4'%1&6}1% Hhé‘&éeg n‘%?glrér[h%en degf’i‘%ﬁ dﬁéhné‘f' BELIS ofi"

20 the subsequent the display perio

> d . .
o Sl rhBthePhd ﬁlﬂt%ﬁ%?%t By abls ek 8 g oo e gt o Flbe i
i f | ay. . Af h di spl d Td2 d h
p: ;erg &%ﬂﬁgﬁztg aé"“tWﬁté’%‘E}P bﬁe‘éﬂgonﬂbﬁ’l?‘%a%¥rlg"e‘irlgoended i’i?}dstﬁ;t ﬁonl SI tspFay

period Td2 is started in the pixels on Line Two and in 27 2 2 NOV 2005

pi xel s on the sUBSYERPPITRISAISTS ig the srane W Eieytdecingibh waitisgpagiopdrl.sdcant2 | s
started, pixels on the respective lines are no longer |lit up for display.
The opertmtiac%bi@égétﬂl Yideo sigoales inputtepeahepixalstin thej wrifimg pdriod Kag. i nput an m
bit digital video signal to pixels. During the operation, the witing
period Ta, the difsplthy wpieinp@dridd Tadikdndal inhke peisdinsidhaynpetht ®ditibg period
repeatedly take turns in pixels on each line. Fig. 6 shows selection of the

Wi tbng 'lga'&@stSﬂtQﬂﬁﬂ thgﬁ;%ﬁs defll int Twisadd ARG 8 PhR% didife @ﬁbseﬁﬁb%t ghePhaydgat e

signal |ines y in relation to one another in the witing period

Tal, Whlle the writing period TaZ2 is started in the pixels on Line Two and in pixels on
the subsequent Jines, the display period Tr2 is started in the pixels on Line One. Similarly to
the display period Trl, the pixels are lit up for display in accordance with a 2 bit digital video
signal in the display period Tr2.

15 After the display period Tr2 is started in the pixels on Line One, the writing
period Ta2 is ended and the dispiay period Tr2 is started in the pixels on Line Two and in
pixels on the subsequent lines in order. In this way, pixels on the respective lines are lit up
for display.

While the display period Tr2 is started in the pixels on Line Two and in pixels on

20  the subsequent lines, the display period Tr2 is ended and the non-display period Td2 is started
m the pixels on Line One. When the non-display period Td2 is started, the pixels on Line
One are no longer lit up for display.

After the non-display period Td2 is started in the pixels on Line One, the display

period Tr2 is ended and the non-display period Td2 is started in the pixels on Line Two and in




the display period Trl, and the non-display period Tdl. Focusing attention
on the pixels on Line One, for exanple, the pixels are not |it? BpNG102006r
display in the witing period Tal and the non-display period Tdl. The
pi xels on Line One are lit up for display only in the display period Trl.
Fig. 6 exemplarily shows the operation of pixels in the witing period
Tal, the display period Trl, and the non-display period Tdl in order to
expl ai nptdsls @pdeaubeguent lsiegdh srden t Waenuthe norgdipplay pekodrii2 tostFagdnpixely |
the display periods Trl to Tr(m- 1), and the non-display periods Tdl to
Td(m - @) theliBsphedos Hhexginy no pinget $t wnfoeddpiayl i ne are not |it up for display
inthe witing periods Tat to Ta(m - 1) and the non-display periods Tdl to
Td(m - 1) wher egge Rbatisn QEscBBES ¥odveNe répesich uhtiUP if @he tdlinpRt 8y m Bit ihgral
di splay periods Trl to Tr(m- 1). Described next is the operation of pixels
after 1 e o . . " Vi : oy
i nput t egﬁi{c }gfsiﬁagglgqu iﬁgé's?%gt dﬂ.hg‘cl2 eaggnﬁg%? Wrrﬁtalhé]p ?I?u(gi %?(lghsee%tgﬁ Qyzgéi nverh%xi%don
stands for_a er Ltrar el.ected f.rom L thr h.n. As the witing
per i Da TomoRIIRE bl hY RS BE Glbst RRB AR 01 "G gital Wi oo
signal is inputted to the pixels on Line One, en the witin ri,od Tam
is ended in th 1%3i6x9§P§’S SHCEHRLT SRR WritiRg gﬁﬁﬂﬂ&%@ﬂﬁéﬁ%&% # Efesioeat | n
the pixels on Line Two and in pixels on the subsequent lines in order. 28
2 2 N Ohy diggay gpfe|ségnahbingg $p] HyCprin slatignio aeangibepm thy Wi gekisdsiadn
Line Two and in pixels on the subsequent lines after the witing period
Tam i s 8rdisplanpering! Hilxaldsthonob-kimpla@period Adl. di splay period Trmis started
in the pixels on Line One. The pixels are |it up for display in accordance
with an m bit dFgedsalg atieddon sn greglixdlnoh himedDsp f@yexpaplepthe rixals SreAbt Brupg he
di splay period Trmis started in the pixels on Line One, the witing
perigd f&fﬂig@aﬁﬂdﬂﬁb afbng heridd IRl ayd PRy hesldkpRlyigerist ardied The piteds phXehs on
Line Two and in pixels on the subsequent |ines in order.

One are lit up for display only in the display period Trl. Fig. 6 exemplarily shows the

operation of pixels in the writing period Tal, the display period Trl, and the non-display
period Td1 in order to explain the operation of pixels in the writing periods Tal to Ta(m - 1),
the display periods Trl to Tr(m — 1), and the non-display periods Tdl to ‘Td(m - 1)
15  Accordingly, pixels on every line are not lit up for display in the writing periods Tal to Ta(in
— 1) and the non-display periods Td1 to Td(m — 1) whereas pixels on every line are lit up for
display in the display periods frl to Tr(m — 1).
Described next is the operation of pixels after the writing period Tam in which a
m bit digital video signal is inputted to pixels is started. The symbol m in the present
20  invention stands for a number arbitrary selected from 1 through n.
As the writing period Tam is started in the pixels on Line One, an m bit digital
video signal is inputted to the pixels on Line One. When the writing period Tam is ended in
the pixels on Line One, the writing period Tam is started in the pixels on Line Two and in

pixels on the subsequent lines in order.
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The display period Trmis ended and a witing period Ta(m+ 1) is started
inthe pixels on Line One after the display period Tnn is starZ&dND# PEos
pi xels on the rest of the lines. 10 As the witing period Ta(m+ 1) is
started in the pixels on Line One, a (m+ 1) bit digital video signal is
inputted to the pixels on Line One. Then the witing period Ta(m+ 1) is
ended in the pixels on Line One. After the witing period Ta(m+ 1) is
ended in the pi x@lhsleole kiinag Gatod The iditsmddaiy thepixed ofirltimé Swendé ¢h piasld onhe
witing period Ta(m+ 1) is started in the pixels on Line Two and in pixels
on the the wBgAGMENes! dfREShd Wr@fn@?ﬁ{ioﬁhﬁn@@@ﬁ’deﬁoﬁ HepedPes 13ROV e
repeated until the display period Trn for an n bit digital video signal is
ended i ny; i |1 ] Li 4 ] i Ling
peri od ealgltgjl‘g%lta’tE ﬁ@d 3?@3‘? gtléﬁ%ﬁe??glg d#%ﬁ ¥ 8%2’3@ e?fn;'/ ta ea{%{ ?}? %rset Fﬁ&ppﬁdigfsydgtnﬂneach
line. Fig. 7, sho selecti.on of. the wi.ti.ng..gate si | lines Gal to Gay
and. sel SEPIHRGT vtagt an g ikl dger Sethdh PR e B o' oy in relati o7
to one another in_the witing period Tam d the display. pertiod Trm.
Focusi ng at t ent i OfcoRet $igPlpy spsried L et fhérplé%ar?a?énet > pPS STgr o
not Iit up, for display in the witin eriod Tam The pixels on Line One
are |it pesiodoFamgissenday asfthe ﬁmvlam@nag s’lgmax,s strater el ther pircelsiog, Line donggndain; | y
shows the operation of pixels in the witing 29 2 2 NOV 2005 period Tam and
t he di sppiagls perthoskbiequennlinmsdeprdeo expl ai n the operation of pixels in the
witing periods Tamto Tan and the display periods Trmto Tm Accordingly,
pi xel s on every Thd dieplay @etiod Thintis epdddoandci spitiay period Me(mvw D)iingtaped inds Tam
to Tan whereas pixels on every line are |lit up for display in the display
periods dikkba 118 ORe it thd displad pehibd e i RGRAITInQhe Ykl oA InddREH FdBs 1isksspl ay
peri ods,” and non-display periods when m=n - 2 in the driving nethod of

the jpresent inveal Ny e QYd ZRR /1) BXdifted iIRULHKES oh 1T BRE 4 (e +Vi§THhd cal
axi s indicates the p05|tﬂgﬂ of writing gate S|gn£$ 1 nes and
digital video signal is inputted to the pixels on Line One.

Then the writing period Ta(m + 1) is ended in the pixels on Line One. After the
writing period Ta(m + 1) is ended in the pixels on Line One, the display period Trm is ended
and the writing period Ta(m + 1) is started in the pixels on Line Two and in pixels on the

15  subsequent lines in order.

The operation degcribed above is repeated until the display period Trn for an n bit
digital video signal is ended in the pixels on the last line, namely, Line Y, so that the writing
period Ta and the display period Tr repeatedly take turns in pixels on each line.

Fig. 7 shows selection of the writing gate signal lines Gal to Gay and selection of

20 the display gate signal lines Gb1 to Gby in relation to one another in the writing period Tam
and the display period Trm. -

Focusing attention on the pixels on Line One, for example, the pixels are not Lit up

for display in the writing period Tam. The pixels on Line One are lit up for display only in

the display period Trm. Fig. 7 exemplarily shows the operation of pixels in the writing
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di splay gate signal lines of pixels. The witing periods are not éhgﬁgmﬁm
bands in Fig. 9 because they are short. Instead, for less cro £ 5

arrows indicate starting points of the 10 witing periods Tal to Tan for 1
ton bit digital video signals. A period that begins with the start of a

witing period in the pixels on Line One and ends with the end of a witing
period in _the pixels on Line Y for a 1 bit digital video signal 1is denoted

by ETal B$RPY Aefcadelieiispiy peiodlrmon ¢dgr kg PXIHP‘& thg |opgragan Oé iRFRAS 40 ks
simlar periods, ETa2 to ETan, indicated by arrows. 15 Upon conpletion of
Tmin t ho'rlpmg@bsmtmTaLIm el thdisplan peripds Todto Bnendecordinghe pixelsenvaviery ng
period Tal is again started in the pixels on Line One for the next frane
peri od. [Ebearepet dit vprfodésplay e theabotge paridgdBplat edTagahercasThieels oardvengligoi nt
and the ending point of one frane period for pixels on a line is different

frontthemsqgmb@&ghgghphl@quﬁﬁgpegaggﬁgnapqﬁﬁ of one frane period for
pi xel s on another |ine en one frane per|od is conpleted for the

pi xels on all the; aglslgnesa iR b AR bf wrgir%g_é difp1RY g)ts&tseqnt 'n%ﬁldxsr?lay

emtting device h 60 or nore rame peri |n one second uriber
i mage ed per hap, ng nmeges Ry be
notlceabﬁlﬂ#gR@%%Igveg é%%fﬁggﬂﬁﬁﬁ@3§ﬁﬁi f I%mmnrggéﬁ{ |n3§%PPon @he sum
of length |t|n erlggs fo |xe ach line i short
Chan”t ReRIHETIE 3ot EFEL BT g AL A “ﬁﬁwg i “&“%‘;P%%f and
perlods |s set SO as to Satlsg% Trl Tr2 ; Tr3 : 2
2" display gater signal:lineg ofypixdiengthfg™rikes PRBIH e ’éﬂ‘i SSPWPr?é thlét) F%Flg
perlods durlng which light is emtted 5 froma pixel, the pixel can obtain
a desi r ebeagnseythsy ateeshaitt hilustead, fyr dgss stawded. VIquLeartoo‘tSandﬂcetngtahmtg peints it 4
peri ods during which an EL elenent emts light in one frane period
det aram nesitinh @egodsy T c@al Bendbr 1 he n phitxdifitdlandaogsipiedd. F petigdrdhat bégingd With the
parti cul ar
start of a writing period in the pixels on Line One and ends with the end of a writing period in
the pixels on Line Y for a 1 bit digital video signal is denoted by ZTal and indicated by an
arrow. 2 to n bit digital video signals have similar periods, XTa2 to XTan, indicated by
arrows.

15 Upon completion of Tm in the pixels on Line One, one frame period is ended.
Then the writing period Tal is again started in the pixels on Line One for the next frame
period. The operation described above is repeated again. The starting point and the ending
point of one frame period for pixels on a line is different from the starting point and the
ending point of one frame period for pixels on another line.

20 When one frame period is completed for the pixels on all the lines, one image. is
displayed.

A preferred Iight emitting device has 60 or more frame periods in one second. If

the number of images displayed per second is less than 60, flickering of images may be

noticeable to the eye.
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frame period. For exanple, n = 8 and the |um nance of a pixel that is |it
up for all display periods is 100% Then if a pixel is Iit up 22 ROV 2808
Tr2, the lum nance of the pixel is 1% 10 If a pixel is lit up in Tr3, Tr5,
and Tr8, the |lum nance of the pixel is 60% The |length of the display
period Trm has to be |longer than the period that begins wth the start of
the witing period Tamin the pixels on Line One and ends wth the end of
the writing perlnatle Paseitintdueiop] theksmar ldrighte of a(|ER@myiting pericdssipt pikepeasd ods
Trl to Tmmay be run in random order. For exanple, Tr3, 15 Tr5, Tr2, may
fol | ow Tédchi linet RReshoftdie thagt tat Gehdth @ AR pPESd. 0CAIsHIOMBERath dfWhi- idpthy
period of pixels on a |line should not overlap a witing period of pixel's on

anot her hdfs iAdi ROUIN gpglqi:t .3 provi _ip.qrdersotoihgtd t heywal t age
appl iLed l!t)o tﬁé gate el %8? ode o?fét ﬁ? EL d'r?‘&?ngﬂTEEng r12 t'%i égehbodiezrrent',

the capagi- tor %?gchgﬁ%iggitﬂé ggmbi{nfﬁti%rb g(fi tthe%l‘clii%élizﬁ/ ié)ggoJ;Fé[llernar%sxggpcP h@ rﬁ%gléngtlgedt hat

overlaps the g rode w ti'ng

t her ebet ween, .a parasitic aci tanc eneral lLy. call ed a gate capacitance
o S el e R Rt PRBRGH ISR 530S bR e diedn be put i nro an
active role as a_capacitor for, holding the vaoltage applied to the gate

el ectrode of theTIELtOEﬂlilmgﬁgoﬁ@?@aﬂ“ﬁé“@%t@n@ﬁdﬁéﬂt hEb cleapgne sTdls pightlimepeon
the area of the overlap region where the LDD region overlaps the gate

el ect r odi&ame perietéetetmines the ey seaki aldic pyxd heving At FEloélemeptaint thaif p3ticda? N
O V 2005 the LDD region that is in the overlap region. In the driving

met hod dfraitihiperiedrb ddirresatplepdes Stand thehgtihame dfhaepidtlsthhtaly 1jpepi fotlall @fispiyxel s
on any line can be shorter than the period that begins with the start of

the writped@ds petd0%, Tahaf iftaheixeli i ek Sp R Tl Bd OIS tanBinAnslRe Wrtdhe pixel BN, Of
the witing period Ta of the 5 pixels on Line Y, nanmely, the period. .

requior edir b QixeMd fid {in 0B, Rt o Bkt Ak wﬂlgﬁﬁcééf%@éixiﬂrﬁs l@b%. pi xel's.”

Accordingly, if thé bit number of digital video Signals'is increased, the

o0t e RIS 80 8 St R 8t e
with the start of the writing period Tam in the pixels on Line One and ends with the end of the
writing period Tam in the pixels on Line Y (ZTam).

The display periods Trl to Tm may be run in random order. For example, Tr3,
15 15, T2, - - - may follow Trl in the order stated in one frame period. However, a writing
periqd of pixels on a line should not overlap a writing period of pixels on another line.
Although a capacitor is provided in order to hold the voltage applied to the gate
electrode of the EL driving TFT in this embodiment, the capacitor may be omitted. If the
EL driving TFT has an LDD region that overlaps the gate electrode with a gate insulating film
20  interposed therebetween, a parasitic capacitance generally called a gate capacitance is formed
in the overlap region. This gate capacitance can be put into an active role as a capacitor for
holding the voltage applied to the gate electrode of the EL driving TFT.

The gate capacitance varies depending on the area of the overlap region where the

1.DD region overlaps the gate electrode, and therefore is determined by the length of a part of
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definition i mage can be displayed without flicker on the screea.;ﬂﬁyliﬂht
emtting device of the present invention can obtain a constant 1% Al
| um nance irrespective of tenperature change. Furthernore, if different EL
materials are wused in EL elenments of different colors in order to display
in color, tenperature change does not cause varying degrees of changes in
| um nance between the EL elenments of different colors and a failure to
obt ai n dibsili¥d regidmothst issn theusedwpiegssh. The drivi ng net hods described in
Enbodi ment Modes 1 and 2 use digital video 15 signals to display an inage
but anal og vi dedinsthgdal mgnaythbé ofl siigl embsdigrd: malienhanalsfgor the dePIHi FHrRIAS
are used to display an image, the current flow ng into source signal |ines

is contgohked oM 4oy ﬁﬂéeca%rl?é Q9ri¥l 489 Bé oS thaﬁaé’%inssﬁzﬁhq{%e ofarthirxat Svritldfg
vari ed t-hrough this control of the current anoun t her eby obtai ni ng gray

SC al e d'oﬁeq @yTaE%%& ﬁkéi?%rﬁ%ﬁé Ot %{S&{d's %ﬁhoﬂleognd%mﬂg o V\H‘ltgtspeq 0 t”Pae ¢ ﬁ fesent

i nventi nent Is e dlnent descrlbes I'n

sub- frane are .run. r|V|n f Enb d| nt
ode 51 TFE o5 oG inbieis e Bl fedpied ngvrif e Hie %ﬁaﬁ@rl o, e,
witing erlod (Tal to and n dlsplay erlods 32 2 2 NOy 2005 TdI to
Tdn) in lgﬁ%lsf réﬁ@r@é‘g ol tﬁen)qé yg1es ghflightalyifieo ?%ﬂlwlagre@ﬁeﬁethgﬁﬁpa%ef the
vertical axis indicates the position of WWItIn _gate signal lines and

di spl ay ¢apley semnhfor jdigital oidegisigta of les‘ealgmﬁgaré gsen v@@wsc%cw whegely ahighen

are described in Enbodi nent Mbde 1 and the explanation is therefore omtted
here. 5 defimana ingpgt oan beddplayedgithedtitickeobn thvi sreenbodi nent, t he sub-frane
period having the |ongest display period in one frame period (SFn, in this
embodi nent) doesThOlight Mt ddviceOst thaphestit hikntionah fodidn RejonOEat leRelobher

wor ds, the sub-franme period having the | ongest
10  luminance irrespective of temperature change. Furthermore, if different EL materials are
used in EL elements of different colors in order to display in color, temperature change does
not cause varying degrees of changes in luminance between the EL elements of different
colors and a failure to obtain desired colors is thus avoided.
The driving methods described in Embodiment Modes 1 and 2 use digital video
15 signals to display an image but analog video signals may be used instead. When analog
video signals are used to display an image, the current flowing into source signal lines is
controlled with the analog video signals. Gray scales of pixels are varied through this
control of the current amount, thereby obtaiﬂing gray scale display.
The follovs}ing is a description of Embodiments of the present invention.
20 S
Embodiment 1
This embodiment-describes in what order the sub-frame periods SF1 to SFn are

run in the driving method of Embodiment Mode 1 for n bit digital video signals.

Fig. 10 is a timing diagram of n writing periods (Tal to Tan) and n dispiay periods
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di splay period in one frane period is sandw ched between ot her fgﬁ %&agﬁgh
periods of the sane franme period. 10 The above structure nakes g
display in mddle gray scale display |less recognizable to the human eye.
The uneven display is caused by adjoining display periods during which
light is emtted frompixels in adjacent frane periods. The structure of
this enbodiment is effective when n >_ 3. 15 Enbodi nent 2 This enbodi nent
descri belddd teakdn)dr onsifrignespesiad. dTgE tharizentdeaxis ingirates time enrbthedyeriqah gxis

met hod of Enbodi nent Mbde 1. Fig. 11 is a timng diagramof n witing

peri ods indmhtes hd poyitiancofnwdiisplzgale pendlddss apddlisplay Feie)sigmul dives fof grieels.
period. The horizontal axis indicates tine and the vertical axis 20

i ndi cat eBetaileatimas howqixel§ atrdrivien gredfberitflddh @mbodiesnt astedi sidl By egabeatingnal
| ines of pixels. Details about how pixels are driven are described in
Enbodi megiL,ode: dmand Hepe explanation is therefore omtted here. Wen the
driving nethod uses 6 bit digital video signals, one frane period has at

R e e L

period SFI is for a eo si

The. susif etz Brs R PENER e%ﬁ%éb%@wsﬂgdéeaﬁﬁ% BEede5t and

si x di spl peri ods (TdI to Td6). 5 Awiting period Tam(mis an arbltrary
nunber r¥ngting the fpe1frage G’Fnﬁﬁird Iy %FP%‘pWSSﬂS B‘@rﬁ”@cﬁraFH?nPF% hayige il lopegsthi t
digital video signal nake a sub-frame period SFm The witing period Tamis
f ol | owecdignias periedimpnpdraresi peties isi sanfwiched detyegntatherviubtelsans gamedsos! thse
same bit, in this case, the display period Trim

same frame period.

10 The above structure makes the uneven display in middle gray scale displ'éif less
recognizable to the human eye. The uneven display is caused by adjoining display periods
during which light is emitted from pixels in adjacent frame periods.

The structure of this embodiment is effective when n = 3.

15 Embodiment 2
This embodiment describes a case of using 6 bit digital video signals in the
driving method of Emboediment Mode 1.
Fig. 11 is a timing diagram of n writing periods (Tal to Tan) and n display periods
(Td1 to Tdn) in one frame period. The horizontal axis indicates time and the vertical axis
20  indicates the position of writing gate signal lines and display gate signal lines of pixels.
Details about how pixels are driven are described in Embodiment Mode 1 and the explanation
is therefore omitted here.
When the driving method uses 6 bit digital video signals, one frame period has at

least six sub-frame periods SF1 to SF6.

33




The witing period Ta and the display period Td are repeatedly g)léer nat ed
in-one 10 frane period to display one inmage. The | ength of the ai pﬂl Y/ZB%
periods Tdl to Td6 is set so as to satisfy Tdl : Td2 :Td6=2:21:

According to the driving nmethod of this enbodi ment, gray scale display is
obtained by controlling the total light emssion tine of a pixel in one
frame period, nanely, 15 for how many display periods in one frane period
the pixel is |itThelbéb-Fhhdqlerioe SH1 &hos aenbndiigentviéansipeal COPDingd A pagl y
wi th Enbodi nent 1. Enbodi nent 3 This enbodi ment gives a description on an

exanpl e gbitd Yfdey] ﬁgnﬂﬁfaﬂ@dchmaﬁﬁ hsplied Ooditel fisent he AmbihgnOneidgscrihed
i n Enbodi ment Mbde and uses n bit ‘digit-] video signals. Fig. 12 is a

175 KOSkl ity S SRR 9 P4 o P st

i ndi cate i nd the vertical axis indicates the position of witing
gate si g‘?lrzgltl t?&ﬁgg and display gate signal |ines of pixels. Details about
how pi xel s are driven are descrjbed in Enbodi nent Mpde 1 34 2 2 NOV, 2005
and the expl anat{*dfing Resiof gy @ bqrﬁq%f@&aﬁé?‘gﬁbqrﬁaligﬂ?&ffé%]o@i@@H@,adéﬁ@éﬂy
frame period has gn + 1) sub-franme periods SFI to SF(n + 1) in accordance
wi th n bpariadi Gilmathat arddor @i kil digittheidsalzignabmukper subdSasF petiod SEm  THe)
have (n + 1) witing periods (Tal to Ta(n + 1)) and n display periods (Tdl
to Td(n wrifihy peSod\Tumi it ifolgovpet byod disphay( perics! that aribi theatiyital widrersigrah gi mg:
froml ton+ 1) and a display period Tdm nake a sub-frane period SFm The
wWriting feid e idanmns éseftat iRYRE po@ Tdh. spl ay period that is for the digital

video signal of the same bit, in this case, the display period Tdm The
sub-frame peri odppeSklith@ pefibd Ta ahdl RS 8ishQY ptrib® TdMare rdpealtily MicGhAdd invhsleo

10  frame period to display one image.

The length of the display periods Tdl to Td6 is set so as to satisfy Td1 : Td2 : - -

According to the driving method of this embodiment, gray scale display is
obtained by controlling the total light emission time of a pixel in one frame period, namely,
15  for how many display periods in one frame period the pixel is lit.

The structure of this embodiment can be combined freely with Embodiment 1.

Embodiment 3
This embodiment gives a description on an example of a driving method which is
20  different from the one described in Embodiment Mode 1 and uses n bit digital video signals.
Fig. 12 is a timing diagram of (n + 1) writing periods (Tal to Ta(n + 1)) and n
'display periods (Td1 to Td(n + 1)) in one frame period. The horizontal axis indicates time
and the vertical axis indicates the position of writing gate signal lines and display gate signal

lines of pixels. Details about how pixels are driven are described in Embodiment Mode 1




10 signals, respectively. The sub-frane periods SFn and SF(n +n%) ﬁr% for a
n bit digital video signal. The sub-franme periods SFn and SF( ¥l ﬁ t Bedb
are for the digital video signal of the sane bit do not inmediately follow
each other in this enbodinment. In other words, the sub-frane periods SFn
and SF(n + 1) that are for the digital video signal of the sanme bit 15
sandwi ch anot her sub-frame period. The witing period Ta and the display
peri od Tandibe cxplgaatiaads yheagfowromaitted héms. one frame period to display one

i mge. The length of the display periods Tdl to Td(n + 1) is set so as to
satisfy Tdl  Td2Ix this embddigent} odel{rame pt)ipd Ha2(h + 12 $ub-frame priodd SEDto SF(n
According to the driving nethod of the present invention, gray scale

di splay ist)i®htrdede PMhCOBE dital Plled BRNAIGL althd LidNEra@BTpEsb@SET WESIRh A1)
pi xel in one frane.period, nanely, for how many display periods in one

frame peﬁémnt+hg)cxg{ieefﬁgd%3ésr§oldgﬁ1 Jhﬁ(fﬁpqgednﬁw Shay ;ger%Bﬁg?Edf Eber&tﬂervlggadi spl ay

in mddle gray ess ‘recdgni za uman eye nin
Enbodi nents 1 anq 2...The uneyen display,is caused 35 2 200 Y
2 oithi ng. i spi oGP RetETER (S Rk pl Gl RYESS #ieBa TP Bites Tnd =
adjacent .frame perjiqQds. Described in this e dinent is the ca i n which
two sub- fhrsaﬁﬁ PB’E?‘% Eﬁ@ Rl apﬁ’“@\#%ﬁp?%q‘{] ﬁf@- 3& 8? paiting ipa@%‘s E?Iaﬁ%fo?wef‘ e Sane
bit. However, the present invention is not 5 limted thereto. Three or
nor e subdisplafecped tbisis fay thsedipitayvyidea sigaal ehdiediagict &l wi tHsocass| haalispidy t he
same bit in one frame period. Although a plurality of sub-frane periods are
provi dedpdrend Tde. nost significant bit digital video signal in this
enbodi ment, the present invention is not limted thereto. A digital video
signal of other Thd sith&amehermsiSFigréf(ncan) abi formayo avel nbpldigiall ivigecof
sub-frame

10  signals, respectively. The sub-frame periods SFn and SF(n + 1) are for a n bit digital video

signal.

The sub-frame peridds SFn and SF(n + 1) that are for the digital video signal of
the same bit do not immediately follow each other in this embodiment. In other words, the
sub-frame periods SFn and SF(n + 1) that are for the digital video signal of the same bit

15  sandwich another sub-frame period.

The writing period Ta and the display period Td are repeatedly alternated in one
frame period to display one image.

The length of the display periods Tdl to Td(n + 1) is set so as to satisfy Tdl : -
Td2:---:(Tdo+Tdn+ 1)) =2:2":---: 20,

20 According to the driving method of the present invention, gray scale display is
obtained by controlling the total light emission time of a pixel in one frame period, namely,
for how many display periods in one frame period the pixel is lit.

The above structure makes the uneven display in middle gray scale display less

recognizable to the human eye than in Embodiments 1 and 2.  The uneven display is caused

(9]
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10 periods. There is no need to limt the nunber of digital Viqﬁﬁ ﬁbgn?é
bits that can have a plurality of sub-frame periods to one. A4ig | 2405
video signal of certain bit and a digital video signal of another bit can
respectively have plural sub-franme periods. The structure of this

enbodi nent is effective when n >_ 2. This enbodi nent can be conbined freely
wi th Enbodinents 1 and 2. 15 Enbodi nent 4 This enbodi nent descri bes a case
of usi ngb® Adiainiggglispihy vededs dirineaivhidhnlightels ewitted dgpmmptxetsdinofidjkrano diamsmnt
Mode 2 in order to display an inmage in 2fi gray scales. The case described
in this pedmidi nrent is about when m= 5. However, note that the description
20 given in this enbodinent is nerely an exanple of the driving nmethod of

the present invepei@ibed i@Ngist ddlodilentPiReNhasd 1Y fMtdhORd SutPRhmb iJatibad ;RY
this enbodi ment regarding the bit nunber of digital video signals and t he

nuneric ro‘(r?deggf?mhenaiﬁ}g%%é?éo?’ ig@dl rbid NG 6 295AMm L WL H} I 1?‘?%[1'%%%?%% PR

di splay perio and sp peri1ods according’to e driv

f ' [ . hori | i S_indi 36 2 2005 ti d
Che vor FIERP AHFELs:  HAfes BC HFRE SEsc@eon i bt Prg ke Lrgheitieiodfedy

di spl ay gat signal lines of pixels. The witing periods are not shown as
bands ingﬁ1 of fhe'me i qugdipmepegiodhort . I nstead, for |ess crowded view,
arrows indicate starting points of the witing periods Tal to Ta6 for 1 to
6 bit digital vid&boughghpluslitpohuibrigeme perodsedt Ao videt Hor the mpshsignifitant bit
witing period in the pixels on Line One and ends with the end of a witing
peri od i ¢igithlevidep xségrel an thisnenbodimenta the Iprasenti miverlonvisdms Emgedithdrstodertot ed
by ETal and indicated by an arrow. 2 to 6 bit digital video signals have
sim | ar gigithloddeo sigm of othed B thannblé sRkedgdifican bowsay Het aiplsraflyaiftsubgmime

pi xel s operate are described in Enbodi nrent Mbde 1 and the explanation is
t henegf orgerfifis! t €HerBEE @0 need to limit the number of digital video signal bits that can have a
| plurality of sub-frame periods to one. A digital video signal of certain bit and a digital video
signal of another bit can respectively have plural sub-frame periods.
The structure of this embodiment is effective when n = 2. This embodiment can
be combined freely §vith Embodiments 1 and 2.
15
Embodiment 4
This embodiment describes a case of using 6 bit digitﬁl_ video signals in the
driving method of Embodiment Mode 2 in order to display an image -in 26 gray scales. The
case described in this embodiment is about when m = 5. However, note that the description
20  given in this embodiment is merely an example of the driving method of the present invention,
and that the present invention is not limited by this embodiment regarding the bit number of
digital video signals and the numerical value of m.
Fig. 13 is a timing diagram of writing periods, display periods, and non-display

periods according to the driving method of this embodiment. The horizontal axis indicates
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10 First, the witing period Tal is started in pixels on Line One. \Wen the
witing period Tal is started, a 1 bit digital video signal is2 NOVedl(on
the pixels on Line One as described in Enbodi mrent Mode 1. After the
witing period Tal is ended in the pixels on Line One, the witing period
Tal is started in the pixels on Line Two and in pixels on the subsequent
lines in order. 15 Simlarly to the pixels on Line One, a 1 bit digital

vi deo sityRapnd ghy Yigtieal eeris Bdicaies proesitionnol weting gale stgnak Fiees| a0dedisplymnents t he
witing period Tal is started in the pixels on Line Two and in pixels on

t he subsegnaélined phpigelst hdheivapingypepieds etk Mutishiwn s dandsdini Figt hebptawed thegn
Line One. As the display period Trl is started, pixels on Line One are |it
up for dirsphay. | hhseadofaakrse cwivided avidw, 200w tindi(tayé @ty fgeatssof el wriihger
the display period Trl is-started in the pixels on Line One, the witing

period TRliodsTeNReTh6ABE 1td16 bitl SEtAYiRE sigddls T A pediod tigdi besink WithhBe Rh Qs on
Line Two and in pixels on the subsequent lines in order. Thus the pi er S

on the r bi t
O £ "CHIEERLIG DRSS e i PR TR L IB0FR I b

started h | 0 i nd_i 0 ent Ilnes
the di spﬁl%%}é plgr]‘i?n(?d‘?fgﬁ 2 ?then e;gVIde Sfﬁ%‘éﬂﬁom@?@ﬁ g ]E) 1-l*d 151 1 %%% "AEY ed
in the Lj e pi. X on Li o longer lit up for
i spl 2y 2P RibHcen Sy b oo 1162 & SFe e e

non-di splay period Tdl is started in the pixels on _Line One, the display

period Trl is erfdeilsashpyt ﬁ@wnlé}ﬁelﬁloé’ﬁIaéCyafﬁéjfeF‘é{H’e‘FdP HabagdingepteMopp 1t 3 téi‘tr“vxel s

on Line Two and in pixels on the subsequent |ines. Then the pixels on
every | ieAplasetgn iséhargford emilpdfhere. di spl ay. Wi le the non-display period Tdl
is started in the pixels on Line Two and in
10 First, the writing period Tal is started in pixels on Line One. When the writing
period Tal 1s started, a 1 bit digital video signal is written in the pixels on Line One as
described in Embodiment Mode 1.
After the writing period Tal is ended in the pixels on Line One, the_writing period
Tal is started in the pixels on Line Two and in pixels on the subsequent lines in order.
15  Similarly to the pixels on Line One, a 1 bit digital video signal is inputted to the pixels on the
rest of the lines.
While the writing period Tal is started in the pixels on Line Two and in pixels on
the subsequent lines, the display period Trl is started in the pixels on Line One. As the
display period Irl is started, pixels on Line One are lit up for display in accordance with a 1
20  Dbit digital video signal. -
After the display period Trl is started in the pixels on Line One, the writing
period Tal is ended and the display period Trl is started in the pixels on Line Two and in

pixels on the subsequent lines in order. Thus the pixels on the respective lines are lit up for

display in accordance with a 1 bit digital video signal.




10 pixels on the subsequent |ines, or after the non-display perl%d Tdl is
started in all pixels, the witing period Ta2 is started in the pﬁ)&@\é a5
Line One. In the pixels on Line One, a 2 bit digital video signal is
inputted as the witing period Ta2 is started. The operation descri bed
above is repeated until it is tinme to input a 5 bit digital 15 video
signal to pixels. During the operation, the witing period Ta, the display
period Tr, and whee@NdidpiappeioPeri RAaFRdiRBRAIRMYL Y¥n taleeT & RS i ;ﬂxa%%l S
on each Ilne Descri bed next is the operation of the pixels after the

writing geki gdﬁﬁ’ (1B, \ﬁ% &\E}\;}laﬁ)éﬁd Fr19k ghiﬁlﬁ an\ﬁ'tgeet?onsdlgggﬁér Réﬁ 'ﬁ@ytsts?ﬂteho

pixels is star ng perio I's start he pi xel's

Li ne One. video 20 signal is inputted to the pixels on
Li ne Cnehts&%ﬁe ‘@qdﬁtptﬁg perlod Ta5 is ended in the pixels on Line One,

the witing peri d Ta5 is ed int els ine T nd in els
on the subsequen qPH@@‘Wh d re &P Otﬁﬁﬁvwmtgﬁd# Y gaer P@lésa ed

in the pixels on Line Two and in pixels on the subsequent lines after the
wri tiong pREtdoldiIastarted.ended in the pixels on Line One, the 38 2 2 NOV 2005
di splay period Tr5 is started in the pixels on Line One. The pixels are lit
up for display iffteabe oooamplewperiodal & sistardd gn thel pivdlslen Isighat, tha dishiy

di splay period Tr5. After the display period Tr5 is started in the pixels
on Li ne ganivd Trihés swdetiiand thpendnodisplap pesoeNdies saindd e ghiiaidd ay Liperivadanbria i s
started in the pixels on Line Two and in 5 pi xel s on the subsequent |ines

in or derpixdio8n BhesibasqueeI Rd. TThed e d,tn@eéttsp bdiRG1iPEs FRdishad. i

started in the pixels on Line One a ter the i splay period Tr5 is started

in the pixels onweyerye n'oﬂ%s&ffaér bVl 1i09iaREA 12 thel BRelsSor®§ Bl B0l fAat e

pi xel s on Line One, Sl gha nputted to the pixels

on Lige p%ggs on the subsequent lines, or after the non-display period Tdl is started in all pixels, the

writing period Ta2 is started in the pixels on Line One.
In the pixels on Line One, a 2 bit digital video signal is itlputted as the writing
period TaZ2 is started.
The operation described above is repeated until it is time to input a 5 bit digital
15  video signal to pixels. During the operation, the writing period Ta, the display period Tr, and
the non-display period Td repeatedly take tums in pixels on each line.
| Described next is the operation of the pixels after the writing period Ta5 in which
a 5 bit digital video signal is inputted to pixels is started.
As the writing period Ta5 is started in the pixels on Line One, a 5 bit digital video
20  signal is inputted to the pixels on Line One. When the writing period Ta5 is ended in the ...
pixels on Line One, the writing period Ta5 is started in the pixels on Line Two and in pixels
on the subsequetlt lines in order.
While the writing period Ta5 is started in the pixels on Line Two and in pixels on

the subsequent lines after the writing period Ta5 is ended in the pixels on Line One, the
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10 Then the witing period Ta6é is ended in The pixels on Line One. After
the witing period Taé is ended in the pixels on Line One, the diZMNEy 2005
period Tr5 is ended and the witing period Ta6 is started in the pixels on
Line Two and in pixels on the subsequent lines in order. Wiile the witing
period Ta6 is started in the pixels on Line Two and in pixels on 15 the
subsequent lines, the display period Tr6 is started in the pixels on Line

One. As Hikpladipsba P ey it@tedlinbtht Pixdiabh @the OhXel Bheopixblisnige Bnep asradisgliy Up
for display in accordance with a 6 bit digital video signal. After the

di splay petiddcd toniass Sit é{%ﬁtﬁﬁyihéb $iBRalRh ﬁﬁlcﬁsz‘ﬂ%’ bR 9€e, the writing
period Ta6 1s ended and the display period Tr s started in the pixels on

Line Two and in AgQ, mexgisﬁllaﬁgpctrﬁﬁ 3 bit%esqi%? E)}nl h’%le}z%%:lg o ﬂ&%-oﬁé‘,;&ae WAGing

pi xel s on the respective SareTit u y 1 n accordance wth a

6 bit digital video signal pletian of Tr6.in the pixel Lj
ne. - onePrt AT TSN 80 dis D Ry FRERC LTS i PP gt PO Le Taghrl

started in the pixels on Line One for the next frame period. After Tr6 is
ended i nP?iﬁ]éOﬁifg%ﬁlsbswﬁﬂih%ﬁsmé,fdeﬁhe pi xel s on Line Two and pixels on 39 2
2 NO V 2005 the subsequent lines finish Tr6 to conplete one frame peri od.
Then the Tal is ‘ShadispldyipariohdrS jsiondbd anrhthei watinmpermddla6iix slaged m thp@ixels
subsequent lines for the next frame period. The operation described above

i S repeatedimganaaftef e ditplay pedpdobiSns started inhbe pereth orgeveod e.of one frame
period for pixels on a line is different fromthe starting point and 5 the

endi ng point of A@@ﬁ&ﬁﬂﬁ%p@fﬁécﬂvﬁ@‘ 19 stapicd &h hePixANOh Dot Ghd)a.6 Bheritanaddd ane
period is conpleted for the pixels on all the lines, one image is

di spl ayegdqyndifs h?hﬁe@mggbg%gton tihedngngth of the display periods is set so
as to satPsty Trl o Tr2o— Trb: Tr6 =20 : 21 : ... : 24 : 25 By

Charigg ng the Conjﬁlé}laEﬂeouirQiﬁlgt&%ogi "?2% Y ended in the pixels on Line One. After the

writing period Tab is ended in the pixels on Line One, the display period Tr5 is ended and the
writing period Ta6 is started in the pixels on Line Two and in pixels on the subsequent lines in
order.
While the writing period Ta6 is started in the pixels on Line Two and in pixels on
15 the subsequent lineé, the display period Tr6 is started in the pixels on Line One. As the
display period Tr6 is started, pixels on Line One are lit up for display in accordance with a 6
bit digital video signal.
After the display period Tr6 is started in the pixels on Line One, the writing
period Ta6 is ended and the display period Tr6 is started in the pixels on Line Two and in
20  pixels on the subsequent lines in order. Thus the pixels on the respective lines are lit up for
display in accordance with a 6 bit digital video signal.
Upon completion of Tr6 in the pixels on Line One, one frame period is ended.
Then the writing period Tal is again started in the pixels on Line One for the next frame

period.  After Tr6 is ended in the pixels on Line One, the pixels on Line Two and pixels on
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10 periods during which light is emtted froma pixel, the pixel can obtain
a desired gray scale wthin 26 gray scales. The total |ength df 2di8pI 2605
periods during which an EL elenment emits light in one frane period

determ nes the gray scale of the pixel having that EL el enment in that ‘
particular frame period. For exanple, the lum nance of a pixel that is lit
up for all display periods is 15 100%in this enbodinent. Then if a pixel
is it upeswbstauenahigesTiiRish flfetd eompletn oac dfanterperipix ellhern gesByl i tagedixdie i s
lit up in Tr3 and Tr5, the |lum nance of the pixel is 32% A witing period
of pi xelmExdnoa LlinaiBvo ard pixols ooV $ubpecuen lides figy thenexadraate grriodl s on  anot her
line in the present invention. Therefore, a witing period in the pixels on
Line One is starfecdpahti®l dascibbd aBEveP &Y tepdatbd abhi@. PITKE! Barfils Lol Mdi fhe
ended. 20 The Iength of the display period Tr5 in the pixels on any line

has to Bid r%g&ﬁr?] t @R frhde 9&5(1 Re &f@g o8 3irRSs Wekdler HRors iRy gtal%%t ﬁlt%utl ng

period e pi xels o Li ne e and ends wth the end ting

pe“ §e tﬁ?ené}né Qo PLEGIS é)m“e'- b erﬁg,l_l%%)n_ra §E€r$ﬁ5p' ay periods Trl "o Tr6

om order or exa 5 Tr2, - may follow Trl

|n the order st dingne fra eriod ver, ng 40 2 2 NOV. 2005
beri o of pi xel VG 47F e R e iR e F il b finuions Tphsesiss o
another line. In the driving nethod of the present invention, the length of
t he di spligglaysdri od of pixel's on any line can be shorter than the period
that begins with the start of the witing period Ta of the pixels on Line
One and ends wi tln thisemshoditoéntt the lewgth ohthepdisplay paraodsfis tstlesopisxiel sstigfy BlLi ne
Y, nanely, the period reqU|red for witing one bit digital video signal in
al | pixela.: - -Acchisdi gl 3y 2° i £ t he- b2t : ainbBy cdngttiggiti alombiitteion Sifghadsplay

i ncreased, the |l ength of the display period for a digital video signal of

| esgpsi Qﬂbh'bti@ aptin® wWhigahgihes epalusiefom Whsikebheapikéldlan obefih A desRéd EggRaean
be displayed without flicker on the screen. The light emtting device of

t he preg%@hngﬁéﬁﬂgkg@& an obtain a constant |evel of
| The total length of display periods during which an EL element emits light in one
frame period determines the gray scale of the pixel having that EL element in that particular
frame period. For example, the luminance of a pixel that is lit up for all display periods is

15 100% in this embodiment. Then if a pixel is lit up in Trl and Tr2, the luminance of the pixel
is 5%. 1If a pixel is lit up in Tr3 and TS5, the luminance of the pixel is 32%.

A writing period of pixels on a line does not dveﬂap a writing period of pixels on
another line in the present invention. Therefore, a writing period in the pixels on Line One
is started after a writing period in the pixels on Line Y is ended.

20 | The length of the display period Tr5 in the pixels on any line has to be longer than
the period that begins with the start of the writing period Ta5 in the pixels on Line One aI‘ld
ends with the end of the writing period Ta5 in the pixels on Line Y (ZTa5).

The display periods Trl to Tr6 may be run in random order. For example, Tr3,

Tt5, Tr2, - - - may follow Trl in the order stated in one frame period. However, a writing
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10 lum nance irrespective of tenperature change. Furthernore, if different
EL materials are used in EL elenents of different colors in grz:lq\rmt(? 5

di splay in color, tenperature change does not cause varying degrees g?
changes in | um nance between the EL el enents of different <colors and a
failure to obtain desired colors is thus avoided. 15 Enbodinent 5 This
enbodi nent describes in what order the display periods Trl to Tr6 are run
when 6 [petiodipfpitcels oniadae shogid aosoatiap usadtingpetibe ofl pixelsroy ametheotinof

Enbodi nrent Mbde 2. The case described in this enbodinment is about when m =
5. However, not én iladriiRendasardiRtd fRserdinerion) tidllefe@IoRk aBMay perioeoe! y
an exanple of the driving nethod of Enbodi nent Mde % 20 and t%at t he
oresent i Co T - . . _ D
umber SPGB ieral s shirirféh BY bty EalERglsTa ok SR AL Bl B
structu f,.this,e Lent is eff ive n._3.o0r qreater Mhi iaital

i deo. signiad B R B anind€ Wb Xio BEOR whifle P08 orghl o B AP

di spl ay _periiods, and non-djspl a eri ods according,to the driving nethod
o P s LB S mABAD: e gorist FUubs D ng  eca Lt Ve Nexp FBGR PIES- and
the vertical axis indicates the position of witing gate signal |ines and
di spl ay Agaerlingy.gh e hif pegbey offigigdl yideprdgngls siipgiedsed Hedengflo ohde didih as
bands in Fig. 14 because they are short. Instead, for |ess crowded view,
arrows ipedd¢ doe asdigitali wgepaigmak obflesshegnificant iyt cprebeodducrdl wisrepaea flagh 1 t o
6 bit digital video signals. A period that begins with the start of a 5

wWri ti ngdpénitiod imagd daa bai diglisyediwithoneflicher @antle etrésa.wi th the end of a witing
period in the pixels on Line Y for a 1 bit digital video signal is denoted
by ETal and i ndimaatiR@t binitéing deviewof the $résdht Rivien@brdrabbiinte torstan &dval bave
simlar periods, ETa2 to ETa6, indicated by arrows. Details about how

Pi X£h S QRRIMAh& M SpaeserdiefpbRnRAMIENFuiRGGof, aNAiflEn EXRhABA4 Qe | S

therefore omtted ﬂere. 10 First, the witing period Ta4 is started in

pixel s gRed-nner MerentVENaitBREdILENE order to display in color, temperature change does

not cause varying degrees of changes in luminance between the EL elements of different

colors and a failure to obtain desired colors is thus avoided.

15 Embodiment 5
This embodiment describes in what order the display periods Trl to Tr6 are run
when 6 bit digital video signals are used in the driving method of Embodiment Mode 2. The
case described in this embodiment is about when m = 5. However, note that the description
given in this embodiment is merely an example of the driving method of Embodiment Mode 2,
20  and that the present invention is not limited by this embodiment regarding the bit number of
digital video signals and the numerical value of m. The structure of this embodiment is
effective when 3 or greater bit digital video signals are used.
Fig. 14 is a timing diagram of writing periods, display periods, and non-display

periods according to the driving method of this embodiment. The horizontal axis indicates

41




period Ta4 is started, a 4 bit digital video signal is witten in the

pi xel s on Line One. As the witing period Ta4 is ended in the pZxeb§YoR(0s
Line One, the witing period Ta4.is started in the pixels on Line Two and
in pixels on the subsequent lines in order. Simlarly to the pixels on
Line One, a 4 bit digital video signal is inputted to the pixels on the 15
rest of the lines. Wiile the witing period Ta4 is started in the pixels on
Li ne TwolUBRADH AhgVsical s indiates (b Befieon of MRESS gaisasigiak BpesyandedipRiay BAE i s
started in the pixels on Line One. As the display period Tr4 is started,

pi xel s ovigral Ameoxeé payets. | i Theupriting patioslplasy ndtrshawoms dandeinFigh 14 bacaupg they
digital video signal. 20 After the display period Tr4 is started in the

pi xel s omrelshos. Ohesteadhdomidst ichgvdedeviewd arads iisdieatel echraing pbines df sl ayitingr i od
Tr4 is started in the pixels on Line Two and in pixels on the subsequent

lines i np@fodermal Thuss the pisssl &%1_@51 Vide® siBRReCA y&idd tRRDeRME wWiiht thé!Baft¥t a
display 1n accordance with a 4 bit digital video signal. After the display

peri ad Trdyis gehias i fhd DixkRorPL ! SnOtind LS T B0Gnd Br Bk, BidiRi2uR NOV

2005 t he subsequent Ii1nes, t play perio rd4 is ende

non- di sp).. ri.od<,Td4 i.s.started, in the pixel ine.ne

At or nar$00 BRTIREY 88 DiEARIRRoen sl iR Ry STl sE R Gsc amaip g
start the nop-display period, Td4 while the displ eri.od Tr4 is started in
The pi oS 6B heie FeBSandls el Sestode ol Sl S Rtict L 8 S ho b el o
on Line One are no |longer lit up for display when the ngn-display period

Td4 is started. AFRHF 2P hosh PiaelsApsiaty ave dracripsl insEmbegimeat Mode Heatst ths) s
on Line One, the display period Tr4 is ended and the non-display period

Td4 is stxplanetion ks thpeefqse Religeddierd.i ne Two and in  pixels on the subsequent
lines. Then the pixels on every line stops being lit up for display. 10
Whi 11® t he non- di Eipitaghe pertingrpeidd Tag ists@rtedh pmeisiva lphx €ns. ofvHienrtbe adingnd
N period Ta4 is started, a 4 bit digital video signal is written in the pixels on Line One.
As the writing period Ta4 is ended in the pixels on Line One, the writing period
Ta4 is started in the pixels on Line Two and in pixels on the subsequent lines in order.
Similarly to the pixels on Line One, a 4 bit digital video signal is inputted to the pixels on the
15 rést of the lines.
While the writing period Ta4 is started in the pixels on Line Two and in pixels on
the subsequent lines, the display period Tr4 is started in the pixels on Line One. As the
display period Tr4 is started, pixels on Line One are lit up for display in accordance with a 4
bit digital video signal.
20 After the display period Tr4 is started in the pixels on Line One, the writing
period Ta4 is ended and the display period Tr4 is started in the pixels on Line Two and in
pixels on the subsequent lines in order. Thus the pixels on the respective lines are lit up for

display in accordance with a 4 bit digital video signal.

After the display period Trd is started in the pixels on Line Two and in pixels on
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pi xel s on the subsequent |lines, or after the non-display period Td4 is
started in all pixels, the witing period Tay is started in th2 ZpNo& 8065 -
Line One. In the pixels on Line One, a 5 bit digital video signal is
inputted as the witing period Ta5 is started in the pixels on Line One.
When the witing period Ta5 is ended in the 15 pixels on Line One, the
witing period Ta5 is started in the pixels on Line Two and . in_pixels on
the s ubs@ﬁ%?ﬁcqv?qﬁ diges, fheodigipy pegind Lrdinendgd andige petfisplay Reriod Teq wstastedi n
the pixels on Line Two and in pixels on the subsequent lines after the
writing Wehe oikelre® Lige&inted Alismateclyi tbelpixadnon Ling @rremay hed theidégplayypepiedi od
Tr5 is started in the pixels on Line One. The pixels are lit up for display
in _20 acicorddamt ehemdnndispldy petiodlTg# tediilevthel @phiygreabd ITid tshearctidsip |ty pixelsi od
Tr5. After the display period Tr5 is started in the pixels on Line One, the
Wi ting opeieotvilahl inpiendedirendbicheeliizps.ay period Tr5 is started in the
pi xel s on Line Two and in pixels on the subsequent |lines in order. The

di splspay period Tige Bﬁge%ns!@ii&n@n& hge %i&ﬂﬁ 1Regd ﬁf} di@ay Svneh akd ﬁQn—h&FIa'}e |

pi xels 43 2 2 NOV 2005 on Line One after e display period Tr5 is starte

in the pi he lines. As the witing period Ta2 is started in the
pi xel s oﬁ§ﬁkﬁgﬂ%ﬁg%h332 bit digital video signal is inputted to the pixels

on Line One. Thep.the witijing peri dBT 2 is ended in the pixels on Line
One. After fhat, AftHet doinGPEs B bed 18 FI6 PAE R (EReOBFBF SFBRILI ne
Two and in,pixiLs qp thg subsequent lines in order. Simlarly to the, .
pi xel s oRFFiqdnkr4dhended aad the nop-display periofb bdd isgrattediis hedixals ey Lins Treandsingel s
on the rest of the lines. Wile the witing period Ta2 is started in the
pi xel s oPiXels 9a twibsemrcphligsisx el Bepie piteds eueer lienstops rérg litypeon displagy
period Tr2 is started in the pixels on Line One. As the 10 display period
Tr2 10 started, Whiephxaos-dmpldyi peridch@ddrie started up thopidisspd djne Twacndrigance
wth a
pixels on the subsequent lines, or after the non-display period Td4 is started in all pixels, the
writing period Ta5 is started in the pixels on Line One.
In the pixels on Line One, a 5 bit digital video signal is inputted as the writing
period TaS$ is started in the pixels on Line One. When the writing perjod Ta$ is ended in the
15  pixels on Line One, the writing period Ta5 is started in the pixels on Line Two and in pixels
on the subsequent lines in order.
While the writing period Ta5 is started in the pixels on Line Two and in pixels on
the subsequent lines after the writing period Ta$ is ended in the pixels on Line One, the
display period Tr5 is started in the pixels on Line One. The pixels are lit up for display in
.20  accordance with a 5 bit digital video signal in the display period Tr3.
After the display period Tr3 is started in the pixels on Line One, the writing
period Ta5 is ended and the display period Tr3 is started in the pixels on Line Two and in

pixels on the subsequent lines in order.

The display period Tr3 is ended and the writing period Ta2 is started in the pixels
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2 bit digital video signal. After the display period Tr2 is star eﬁ | tiaﬁ
pi xel s on Line One, the witing period Ta2 is ended and the di s?l ﬁ@e i 51

Tr2 is started in the pixels on Line Two and in pixels on the subsequent
lines in order. Thus the pixels on the respective lines are lit up for 15
di splay in accordance with a 2 bit digital video signal. While the display
period Tr2 is started in the pixels on Line Two and in pixels on the
subsequert Hingn@se afttrdhaiilisplenypenst Tods Tr@ed &1 thngotisordalt the linen- di spl ay
period Td2 is started in the pixels on Line One. Wen the non-display
period Td2 is st astiedwritihg ppriodTs ©Rtakicd én BreigglConDide0DGS R 2 bi2(ikithl idetp
for display. After the non-display period Td2 is started in the pixels on

Li ne Ches?mqsq:hpﬁgk@wth@gf,gcgcbnnge(ﬁleended and the non-display period Td2
is started in the pixels on Line Two and in pixels on the subsequent

| i nes. Thustheqhéeh% t% D%Sﬂ%:fslylgdrp% 8801 I
display. 44 2 2 NO V 20I8!‘§Itl 7 e the naonedli SFEI apq{p%r?oél%llggél SAI;t%é;@taeegﬂe
the xe pi.x& e subsequ fter
non- o sp i BariE B S?asfggt%ﬁ%ﬂdm hSarine; g, PR sosBin et s
startedlnthe Iso . Teo ra.tlon&ges rlbed above i
r epeat ed °IHF I81§:| iéﬂ‘?léﬂfmlE ’E‘?Esgﬂng“ g%t'élf ARt yides Lpnph Ay é“%ﬁ“@g it PR t ed
to the pixels. During the operation, the witing period Ta, the display
peri od TPIXekip tbﬁéﬂsh%ﬁihﬁll@?ﬁ ay period Td repeatedly take turns in pixels on
~each line. Upon conpletion of all of the display periods Trl to Tr6 in the
pi xel s on Li ne OW&ile thpwritingperipéifad & statednidele piaelstond.ipé Febosandnn bixes @ne.
Then the witing period that comes first (Ta4, in this enbodinent) is
agai n st gret @bsequenthkEngs] xed dispiay lperied A i§ etartbdén MeX pidelsase L el ods thd t er
one frame period is ended in the pixels on Line One, the pixels on Line Two

10  display period Tr2 is started, the pixels on Line One are lit up for display in accordance with a

2 bit digital video signal.

After the display period Tr2 is started in the pixels on Line One, the writing
period Ta2 is ended and the display period Tr2 is started in the pixels on Line Two and in
pixels on the subsequent lines in order. Thus the pixels on the respective lines are lit up for

15  display in accordance with a 2 bit digital video signal.

While the display period Tr2 is started in the pixels on Line Two and in pixels on
the subsequent lines, the display period Tr2 is ended and the non-display period Td?2 is started
in the pixels on Line One.

When the non-display period TdZ is started, the pixels on Line One are no longer

20 litup for display. —
After the non-display period Td2 is started in the pixels on Line One, the display
period Tr2 is ended and the non-display period T'd2 is started in the pixels on Line Two and in

pixels on the subsequent lines. Thus the pixels on the respective lines are no longer lit up for

display.
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and pixels on the subsequent lines finish one frane period as v€§ ... Then
the witing period Ta4 is started in the pixels on Line Two an 5iﬂ%¥sﬂ$5
t he subsequent lines for the next frane period. The operation described
above is repeated again. The starting point and the 15 ending point of one
frame period for pixels on aline is different fromthe starting point and
the endi ng point of one franme period for pixels on another |ine. Wen one
frame period is Woipltet edntoplayhgerjpdXBdS isostaadd it He pikciesyn bine Twagediis

di splayed. In this enbodinent, the length of the display periods is set so

as to salik&f ynThd subseq@@nillides; or after tHe Bon-dikpRy ped€d Td21s started in a¥pixeldpthBy
changi ng the conbination of the display periods during which light is

em tted &fiﬁ’ﬁ@ RIPBB.is sARePinBE pARR RPLAL Bpd, desired gray scale within 26
gray scales.” The total |ength oP di spl ay periods during which an EL el enent

emts light in t

havi ng that EL gﬁ% nE I'n t%&b@%gﬁ?%yaléﬂﬁ%g%gﬁ&ﬂkﬁ%}@ﬁgggkgkudﬁgmggﬁﬁéd
For exanpl e nange of .a eI hat is

or i Sua Saels i enPASE abtsi sﬁprﬁ@ﬂaﬂ ghsafind pefpa g T Hpiagng
Tr2, the |um nance of the pixel |s 596 a |er islit up in Tr3 and

Tr S t hePeFigHi thaiddhoron-f ’éplgif?@?o‘? gdmteﬁlyﬁk%ﬁ“ﬁ& 1}5@%’56500%?30‘6#1?@ S on a

| i ne does not overlap a witing period of pixels on 5 another line in the
present inventi &ponThepletionef aﬁcﬁ\khetdm@aypl@mdaﬁhmtﬁé ipiheaixclonn LineeOthe
is started after a witing period in the pixels on Line Yis ended. In this
enbodi meme, franhe pérémbishended fidrethdipsplisagn pare Ode. TrBienriht eitpigyelisod dmtamyndsi ne
has to be |l onger than the period that begins with the start of the witing
period Tabt (Ta4f fmethispérii@ddim@ﬁtahd AexiOsariadth glRdsxoMd bh Hifeoasdoothetddet Meinki ng

period Ta5 in the pixels on Line Y 10 (ETa5).
10 period. After one frame period is ended in the pixels on Line One, the pixels on Line Two
and pixels on the subsequent lines finish one frame period as well. Then the writing period
Ta4 is started in the pixels on Line Two and pixels on the subsequent lines for the next frame
period.
The operation described above is repeated again. The starting point and the
15 ending point of one frame period for pixels on a line is different from the starting point and
the ending point of one frame period for pixels on another line.
When one frame period is completed for the pixels on all the lines, one image is
displayed.
In this embodiment, the length of the display periods is set so as to satisty Trl :
20 T2: - TS :Tr6=2":2":- - : 2% 1 2°. By changing the_combination of the display
periods during which light is emitted from a pixel, the pixel can obtain a desired gray scale
within 2° gray scales.

The total length of display periods during which an EL element emits light in one

frame period determines the gray scale of the pixel having that EL element in that particuiar
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The display periods Trl to Tr6 may be run in random order. For exanple,

Tr3, Tr5, Tr2, may follow Trl in the order stated in one franeZei0dyd2005
However, a witing period of pixels on a |line should not overlap a witing
period of pixels on another line. In the driving nethod of this enbodi nent,
the length of the display period of 15 pixels on any line can be shorter
than the period that begins with the start of the witing period Ta of the
pi xel s grinld p&iddne FandxARsls, Wk tifinimA8cehda pixet Bt W littip@r RATdiQdayT ferRfastibe

pi xels on Line Y, nanely, the period required for witing one bit digital

vi deo si1g0# inltRis@dboRinkéh S- ’I‘I%xﬁigi‘f ?i)%lge{f' %l Yeup!i ’Itrf'gncg}“ b, i rfprﬁfnag&% (?)F tg{%l 5 el

vi deo signals Is Increased, of “the display perio r gita

vi deo si; I | ..si gni fi.cant, -bit,, can be reduced, wh by a high 20
et i 110k mager e B IR BFED AR Dl Rt He e Gor con. The 11 ght
emtting device of the presenpt. invention can obtain a constant | evel of

| umi nance i rrespeBiYE pEiod & Flatomraelinarlasg 80t P(Frep artoing Pared i preies L
materials are used in EL elenents of different colors in order to display
i n cBl ornokhenlieg by e Prespingecivas  Therelfuauswriviag prmel tele eixelodn EMEngdes in
| um nance between the EL elenments of different 46 2 2 NOV 2005 colors and a
f ai | ur e is Yantdst aften adestinggetriodlintie: pisels hbudimvidisdeded.According to the driving
nmet hod of this enbodi nent, the | ongest display period in one frame period
(Tr6, in this embdds sbbdin@agshahgbaitehd disflay @erib@ IS inntht hexedNén hfiyalike
period.  In other words, the |ongest display period in one frane period is

sandw chegd :d et WeeRr ddche peridl SR e gRB W B theOftart lf&? tis2WRitih 5 PRBRoP R QF thd he

above structure nakes the uneven display in mddle gray scale display |ess

r ecogni 2akkeod Qi S IREL RYGn T 130! ol Ry 2l GLDivg

display%)peri%ds1 du?ing %ﬁﬁch ?i%ﬁﬁﬂﬁgﬁ%gﬁﬁﬁFgﬁI%¥8H§B?§§?§=1%*33?5%2%9n

frapg ﬁgﬁtﬁﬂs. The structure of this enbodi nent can be conbined freely with
iment 4. 1

Enbodi 0

The display periods Trl to Tr6 may be run in random order. For example, Ti3,
115, Tr2, - - - may follow Trl in the order stated in one frame period. However, a writing
period of pixels on a line should not overlap a writing period of pixels on another line.
In the driving method of this embodiment, the length of the display period of
15  pixels on any line can be shorter than the period that begins with the start of the writing period
Ta of the pixels on Line One and ends with the end of the writing period Ta of the pixels on
Line Y, namely, the period required for writing one bit digital video signal in all pixels.
Accordingtly, if the bit number of digital video signals is increased, the length of the display
period for a digital video signal of less significant bit can be feduced, whereby a high
20  defimition image can be displayed without flicker on the screen. —
The light emitting device of the present invention can obtain a constant level of
luminance irrespective of temperature change. Furthermore, if different EL materials are
used in EL elements of different colors in order to display in color, temperature change does

not cause varying degrees of changes in luminance between the EL elements of different
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Enbodi nent 6 This enbodi ment gives a description on an exanple ff @ griving
method which is different fromthe one described in Embodi mentZ Not8V2280hd
uses n bit digital video signals.. The case described in this enbodinent is
about when m=n - 2. 15 In the driving nmethod of this enbodi ment, the

di splay period Tmthat is for the nost significant bit digital video signal
is divided into a first display period Tm1l and a second di splay period
Tm 2. Theléisasd adiispt &yolgeni ddirdhedomnsdthuhevaéaond di spl ay period Trn 2
are acconpanied with a first witing period Tan-1 and a second witing
period Tan_2, rAspedingveths. didthg mefhiod of iibs bBbadiinkht, (19 16k RGr @BPIGF pMiddtinng
periods, display periods} and non-display periods according to tﬁe driving

met hod ofpet e BERAAITIENE thid RRWD@H FBURS ndtdotne MY GALESn ¢ idlﬁe raRd egr%d.

vertical axis ihdicates the position'of witing gate signal lines an

di spl ay ' l41 f.nl Se T L 21 | -are.not sh as
bands | ritpier ThBaihe 003 BooRl kEkidy i BFe el dafoR R LH3 3T oee 0,
arro i ndi.cate.startin oints of the witing 47 2 2 N OV 2005 peri ods

Tal ?% TﬁaﬂazpTT¥ﬁéﬁy“¥%H%T%3ﬂ%p?ﬁﬁi2 for 1 ton bit digital video signals.
A period that begins with the start of a wjting period in the pixels on

Li ne One and endSHSWRR9YetHECWRamages the\iey shispiay b aniidcigiey prakerisrian lessne v
for a 1 bit digital video signal is denoted by ETal and indicated by an
arrow. zcswagiq togthgihumanviyde o The gnetes display isiaisedrbypediviotig, dispia perapdss
ETa(n - 1), and ETan_1 and flan 2, indicated by arrows. Details about how
pi xel s opemgtvehiah Bgltgs emitreidrém pErdboidi adpotntbde: Rrade t he explanation is
therefore omtted here. In this enbodinment, the first display period Tm1

and the second dilspuaynpest @k endtB@mbhtadhn &6 €ombincl hecldiviitd Bmbydigrat $i gnal
of the same nost significant bit sandwich a display 10 period for a
di gigpal video signal of other bit than the nost significant bit.

Embodiment 6

This embodiment gives a description on an example of a driving method which is
different from the one described in Embodiment Mode 2 and uses n bit digital video signals.
The case described in this embodiment is about when m = n - 2.

15 In the driving method of this embodiment, the display period Trn that 1s for the
most significant bit digital video signal is divided into a first display period Trn_1 and a
second display period Trn_2. The first display period Trn_1 and the second display period
Tin_2 are accompanied with a first writing period Tan_1 and a second writing period Tan_2,
respectively.

20 ~...Fig. 15 is a timing diagram of writing periods, display periods, and non-display
periods according to the driving method of this embodiment. The horizontal axis indicates
time and the vertical axis indicates the position of writing gate signal lines and display gate
signal lines of pixels. The writing periods are not shown as bands in Fig. 15 because they

are short. Instead. for less crowded view, arrows indicate starting points of the writing
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The I ength of the display periods Trl to Tr(n - 1), and Tm1 ang T i
§51%5ﬁ£2585:

set so as to satisfy Trl : Tr2 : : Tr(n -1) : (Tm1 + Trn_2
;2" -2 : 2 According to the driving.nethod of the present invention, gray
scale display is obtained by controlling the total |ight em ssion tinme of

a pixel in one franme period, nanely, 15 for how many di splay periods in
one frame period the pixel is lit. The above structure nakes the uneven

di spl ay pdriods dei e TH@Y- 5 ah€Teh IpindyTahe3 $or T @copiidzgl eideo sighelshurgrriegde
than i n Enbodi nents 4 and 5. The uneven display is caused by adjoining

di splay gef b%g% W kRO bE R Wiie8Btpetisd eMiet 8516 bAMIR! ®RE 8nd @mﬁdms: BRtenfir ame
peri ods. ribed in this enbodinent is the case in which

di spl ay-g ae \rvln?Pﬁ é)@ngd iPhe ' uge(;t‘sdo E[nct\l’h?ordi ?'b tadl%ﬂtl deR, gﬂ?ls &%Emlteg' By AT

bit. HOV\BVE sent |nven ree - or nore

di spl a rovi ded f ital e of t sanme
bi ¢ n” offel Fie Tt ABATOR | Holdgh O SPGHaYR q,Sl&flala% Sy megits a2 18
provi ded for the most significant bit 48 2 2 NOV 2005 digital video signal,
t he Br essh(ninheid ok & apdETen B indirateddYer®WSA digital video signal of

other bit than the nost significant bit may have a plurality of display
peri ods. There iBetails abmudowopixihyi aperatee argudeisenibedf indimbedimeni Nade g gathepi t s
that can have a plurality of display periods to one. A digital video

si gnal ofxpteratian is therefoaen dmittedli lgid.al vi deo signal of another bit 5 can
respectively have plural display periods. The structure of this enbodi nent

is effective whem tissembbdimibits tierieddismay pedsd The 1cmithe eetohd ekpyayvpdriod
Enbodi nrent 4 or 5. Enbodi nent 7 10 Thi s enbodi nent descri bes structures of

driving iy 8yhdtSicd for SRUA %ﬁaﬁh@é@él ohdl BE theWainél M8kt GignSiitlaht Bda@Rién & dGPRly
line driving circuits) light "emtting device according to the

10  period for a digital video signal of other bit than the most significant bit.

The length of the display periods Trl to Tr(n — 1), and Trm_1 and Trm_2 is set so
as tosatisfy Trl: Tr2 -~ Ti(n— 1) : (Ten_ 1 + Trn_2) =20: 2% o020 227

According to the driving method of the present invention, gray scale display is
obtained by controlling the total light emission time of a pixel in one frame period, namely,

15  for how many display periods in one frame period the pixel is lit.

The above structure makes the uneven display in middle gray scale display less
recognizable to the human eye than in Embodiments 4 and 5. The uneven display is caused
by adjoining display periods during which light is emitted from pixels in adjacent frame
periods.

20 D=scribed in this embodiment is the case in which two display_periods are
provided for the digital video signal of the same bit. However, the present invention is not
limited thereto. Three or more display periods may be provided for the digital video signal
of the same bit in one frame period.

Although a plurality of display periods are provided for the most significant bit
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present invention. Fig. 16 is a bl ock diagram showi ng the structure of a
source signal line driving circuit 601. Denoted by 602 is a shffx NOV 2005
regi ster, 603, a nmenory circuit A 604, a nenory 15 circuit B, and 605, a
constant current circuit. Cock signals CLK and start pulse signals SP are
inputted to the shift register 602. Digital video signals are inputted to
-the nmenory circuit A 603 whereas |latch signals are inputted to the nenory
circuit dgi64idod dgmsf cuatpresent eventicn isSncaUinpitid dereks. ord tdigtat efdebagignal of
current circuit 605 and is inputted to source signal lines. 20 Fig. 17:
shows a giireid@haithehost SipmitiviR b mh@asOoy rpﬁﬁal%tlygﬂaiisﬂldyn%rﬁfdb.w PHer€lis GYi t
601. I nput of clock signals CLK and start pulse signals SP from gi ven
wiring lj t1Q.q t [ i: 0 St M0, Si Saf dhe.

i ng Aeebap dfnit RE nabbbE of Bl ShacBpHPIRkahRo ) Bveth SRR Io, S8t
of the nempry. circuif ,A.603.. The timng .signal 9.2, 2 NOV 2Q0 ener at ed
" the SRIPEY ISYTeE: b a83 s Bt TRl dnir St GatEYe Rt ePEReL i he
| i ke_before inﬁy ted t tp |ural latches A (LATA_ 1 to LATB x) of the
menoPy PP EGPECLA Cehve H‘SﬂﬂaXPﬂ?%ﬁ'signals are inputted to the nenory
circuit A 603, one bit digital video signals to be inputted to a video
signal |ine 610 Bestmeiurg enthisembpdipeniigpitecive rdgna = 8. ( TapAmbadgnepiranx)
in order in sync with the timng signals and held therein. In this

enbodi méetcombimeddiegit with HWrtedig¢rgdalrs. are i nputted to the nenory circuit A
603 by inputting the digital video signals in the plural latches A (LATA 1
to LATA x) of the nenory circuit A 603 in order. However, the present
invention is not limted thereto. The invention nay enploy a so-called

di vi si orErflisddiinBer 7 N Whi ch plural stages of lathes in the 10 nmenory circuit
A 603 are divided into a few groups and the digital video signals are

inpypted to ther;espeelinkd LQYPss ShitthiaNGomiNe JRBINUTRE I Ofsi@hpyRs I N
division driving is

driving circuit and gate signal line driving circuits) of a light emitting device according to the
present invention.
Fig. 16 is a block diagram showing the structure of a source signal line driving
circuit 601. Denoted by 602 is a shift register, 603, a memory circuit A, 604, a memory
15  circuit B, and 605, a constant current circuit.
Clock signals CLK and start pulse signals SP are inputted to the shift register 602.
Digital video signals are inputted to the memory circuit A 603 whereas latch signals are
inputted to the memory circuit B 604. A constant current Ic¢ is outputted from the constant
current circuit 605 and is inputted to source signal lines.
20 Fig. 17 shows a more detailed structure of the source signal line driving_circuit
601.
Input of clock signals CLK and start pulse signals SP from given wiring lines to
the shift register 602 generates timing signals. The timing signals are inputted to a plurality

of latches A (LATA 1 to LATA_x) of the memory circuit A 603. The timing signals
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referred to as nunber of division. For exanple, if four stages o& Igtches
make one group, then it is four division driving. The tinme requfred0NoR005
conpleting witing digital video signals once into all stages 15 of

| atches in the menory circuit A 603 is called a |line period. However,
sonetinmes the line period defined as above plus a horizontal retrace
period are regarded as a |ine period. Upon conpletion of one |ine period,

| at ch si ggmatasedine@hsshpflrégisiet 602ampd bie bubfifdryd efd arhpliftdiesy BouffeABBLE like HeAdB_x)
of the menory circuit B 604 through a latch signal Iine 609. At this

i nst ant ,inPG&%QBé Aluray I AeRs 3 et thelIATA x) BEtR Imtnddry abeihass08. (LATA_L to
LATA x) of 20 the nenory circuit P - 603 are witten in the plural |atches

B (LATB 1 to LAT fi. . Ve [ t | d.;
t h(er ein. Ha\?i ng \?grél% tl%htéﬁlgl%gsilélgﬁo%?é@ el 10 g{é sn(?%m?ﬁlr%mg\ 6@3’%%6 it cqgltal

0 sign e nmenory circuit B 604,
t he menor. circuit A 603 n recei ves the next supply of .agn i i qifal
si gnal s ‘é‘ée? ﬁlﬁl&f Hg B lélPPté‘Tdoy\f\él aé’é‘?‘“’s?l%‘h%ng’ea e W%i‘?[t%éér%l }nnthgrp glr'%ll itlantgl}egs%onse
to timng signals fromthe shift reqgjster 602, 50 2 V 2005 After one
line %er&&gpf—é o Hﬂbérr‘%{g‘gf“( dges IBrSY‘c“h‘éf%}&éI&eoﬁ‘\‘Bmtgi Sl‘?é’,aPStaﬁ‘Q%ﬁugP?rﬁ}n‘vi deo signal s
witten and held in the nenory circuit B 604 are inputted to the constant
current circuit 180bis embedinsni thndiggh vidpe signals are inputedrg SheamprgraFirguyt Hf
current setting circuits (O to Cx). Wen the digital video signals are
i nput t eds@3obyt mputtimgdlee digitel ddeo sigoals it the pdurel lashes & (LATA_S te 8.ATR) X) ohidie
source signal lines receive the constant current Ic or the electric
pot ent i ahembrypciveit A GPRliy otdenestiddesten thX predapeimdintion monhindtedi théreroratliben of
1" and 0" the digital video signals carry. Fig. 18 shows an exanpl e of

t he specih{igiont IhH%teﬁfpﬁ?O)Ofl dohRned diagbn SRiAd B FhichUltiralstagesTBF SatBdsr WCthdr e
is also enployed by the current setting circuits C2 to Cx. 10 The current

e E T R
to the respective groups simultancously. The number of groups in division driving is
referred to as number of division. For example, if four stages of latches make one group,
then it is four division driving.

The time required for completing writing digital video signals once into al.l stages
15  of latches in the memory circuit A 603 is called a line period. However, sometimes the line
period defined as above plus a hoﬁzontal retrace period are regarded as a line period.
Upon completion of one line period, latch signals are supplied to a plurality of
latches B (LATB_1 to LATB_x) of the memory circuit B 604 through a latch signal line 609.
At this instant, the digital video signals held in the plural latches A (LATA_1 to LATA_x) of
20  the memory circuit A- 503 are written in the plural laiches B (LATB_1 to LATB_x) of the
memory circuit B 604 at once to be held therein.
Having sent the digital video signals to the memory circuit B 604, the memory

circuit A 603 now receives the next supply of one bit digital signals so that the digital video

signals are written in order in response to timing signals from the shift register 602.
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Digital video signals outputted fromLATB 1 of the nenory circuit B 604 are
used to control switching of SWL to SWM. Digital video signals y@guNb@d &g
SW. and SWB and digital video signals inputted to SW2 and SW ar& 1nve d
to each other by Inbl and 15 I nb2. Therefore, SW2 and SW are OFF when SW

and SWB are ON and when SW and SWB are OFF, SW2 and SW are ON. Wien SW

and SWB are ON, the current Ic is inputted fromthe constant current

supply 631 through, %1@@9@@@13%9@3@@&&&6@& gRahd LifnRethel digifdl vid¥e MDAy
hand, when SW2 and SWt are ON, the current Ic fromthe constant 20 curr ent

sup pl Y 1:{'tglf’x a?ﬁ LAARn flg thmB f lﬁqg(){/{}'é ?xgﬂ{}edc"%h%bﬁs?antt @Srrﬁ‘lt%ﬁ[’:m't §0s5.

potentia power  sup y I nes i'ven sour c€ 'si gna

line SL through f i
carriod out i BT COREPRESEER S éil%srfﬂgﬂsfaﬂvuﬁ S HErRRedl Rl

constant, current circuit 605 in one |ine period. According Ig t he, % ital
vi deo’ sfghal Whaniherdigid vigroriarls ate inpyted nthe &§pseive CPEeRSetRg SHEWET (SSluppl v
51 2 2 NOV 2005 electric potential is given to all the source signal |ines.

The Shi fat Crk fiestoarcersigpablingseigpeivethelspnaipmineentdr oe thetelentréhpeigntipl @épeer i n
order to wite digital video signals in the latch circuits sequentially.
Next, ssuppdy linessVbfo ¥xwleptndige gatwaidc igfratnatiomef dr hnd 1Y th digaltvidaodsignals

di splay gate signal 5 line driving circuit will be described. However,
since tegrymiting gate signal line driving circuit and the display gate
signal line driving circuit have al nost the same structure, only the

description of gipegMhotisng &%ﬁie&;m@épekiﬂ%estﬂ&ﬂuyé SYAhE bhieeHt bettifig Girvancher e
as a representative. Fig. 19 is a block diagram showi ng the structure of a

Wit NOTERY ﬁ‘uéﬂugﬂgalsb' g'%l(gy[e'd\ﬂgrlg% v?r'tré qgéthngélg'wé%%%}?g:w iting gate signal

l'i ne dr|V|ng circuit a buffer 643. It may

al Slo have a | evﬂle g@r‘rgn sett:lnfg clEGE 1 Had 2 constant current supply 631, four transmission

~ gates SW1 to SW4, and two inverters Inb?l and Inb2.

Digital video signals outputted from LATB_1 of the memory circuit B 604 are
used to control switching of SW1 to SW4. Digital video signals inputted to SW1 and SW3
and digital video signals inputted to SW2 and SW4 are inverted to each other by Inbl and

15 Inb2. Therefore, SW2 and SW4 are OFF when SW1 and SW3 are ON and when SW1 and
SW3 are OFF, SW2 and SW4 are ON.

When SW1 and SW3 are ON, the current Ic is inputted from the constant current
supply 631 through SW1 and SW3 to a source signal line S1.

On the other hand, when SW2 and SW4 are ON, the current Ic from the constant

20  current supply 631 is dropged to the ground through SW2 while the electric potential of the
power supply lines V1 to Vx is given to the source signal line S1 through SW4.
Again referring to Fig. 17, the above operation is carried out in all of the current
setting circuits {C1 to Cx) of the coﬁstant current circuit 605 in one line period. Accordingly,

the digital video signals determine whether the constant current Ic or the power supply
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In the witing gate signal line driving circuit 641, clock si gn?fo?s K and
start pulse signals SP are inputted to the shift register 642 ercdth
timng signals. The timng signals generated are buffered and anplified by
the buffer 643 to be supplied to a selected 15 witing gate signal |ine.
Each witing gate signal line is connected to gate el ectrodes of a first
switching TFT and a second switching TUFT in each of pixels on one |ine.

Si nce t helefiricpotosiipk i lgiveg to T Themodrdelségrmbboesd swi t ching TFT in each of

pi xel s on one line nmust be turned ON at once, the buffer 643 has to be

capabl e of al | dkkensgifardggngemaybanépladedcy senticrtaixciilt @uech 20a decddbe idbspt &y
gate signal line driving circuit, EL driving TFTs connected to all display

gate si g@adte Hagnﬂwleé@slgmﬂwinttﬁ@mlmwg&ﬁl@nﬁw n each display period.
Therefore the <clock signals CLK and the start "pul se signals SP that are

inputted to t h@\le%'f“smlct‘h?ég'osfta%n@ﬁ% % S% ltlﬂenlg'é‘gﬁ% ﬁr&htgﬂﬂl &1%{%% gﬁ%\éio{ﬁgl

circuit have different waveforns and at are 10 th
shiftzre | i.ne riyin circuit have
NOV Z':OOSH#%H%H%?FC? g[ ‘?Llf)% %Xscgl%%e rep gveéblSl v ano\fvﬁé'?g giﬁtrg civel ded 1"aémgzal
decoder in or der, 8 el ect .a tedsu lne a d sutlg %/ timng sgnals to
the sel etfed @@t Be gisghyisef ‘Wﬂ%”a e “8¥ c‘ﬁ‘ﬂ"é haye ¢ H’é’SH P ¥THE SR AN
in the present inventionis not limted to the one shown in this
enbodi nefESCriBtighe! e Mikingreatcotgnah iige BRHGEICHEWE iscaveidiere anbicpesgetpded.y wit h
Enbodi ments 1 through 6. Enbodi nent 8 This enbodi ment describes an exanple
of a top view &ig-d96s rdlocktdiagremrsbdwiang the sghaswe dfra VARigng date Figgal 1@ driyvimg t op
view of the pixel of this enbodi nent. The pixel has a source signal |ine
Si, a powvecuitsiéfdply line Vi, a witing gate signal line Gaj, and a displ ay
gat e signal

10 The writing gate signal line driving circuit 641 has a shift register 642 and a buffer

643. It may also have a level shifter if necessary.

In the writing gate signal line driving circuit 641, clock signals CLK and start
pulse signals SP are inputted to the shift register 642 to generate timing signals. 7The timing
signals generated are buffered and amplified by the buffer 643 to be supplied to a selected

15  writing gate signal line.

Each writing gate signal line is connected to gate electrodes of a first switching
TFT and a second switching TFT in each of pixels on one line. Since the first switching
TFT and the second switching TFT in each of pixels on one line must be turned ON at once,
the buffer 643 has to be capable of allowing a large amount of current to flow.

20 In the display gate.signal line driving circuit, EL driving TFTs connected to all _
display gate signal lines are simultaneously turned ON in each display period. Therefore the
clock signals CLK and the start pulse signals SP that are inputted to the shift register of the

writing gate signal line driving circuit have different waveforms than CLK and SP that are

inputted to the shift register of the display gate signal line driving circuit have.
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line Gbj. The source signal line Si crosses the witing gate signal |ine
Gaj and the display gate signal line Gj but is |ead out by aZcokGdciin
wiring line 182 to avoid contact between 15 the source signal line Si and
the gate signal lines G. Denoted by 102 and 103 are a first switching TFT
and a second switching TFT, respectively. 104 and 105 denote a current
controlling TFT and an EL driving TFT, respectively. The first swtching
TFT 102 has a solihcshiftegiisr mag ba reffladed byegbir cii@infuciMas ahlec@3r isorder to
connected to the source signal linP.Si through a connection wiring |ine 190
and the @fden gafe sighal Ghe hifd ahRg stddal 16 kR RleCREi @Rk Pénd) ige.cUr rent
controlling TE% 16%ﬁthrougﬁﬁgﬁg§nnegtﬁ%n W ring Iié% 183. The second
switching TFT 1 e | O raj i : i S
connected to t hce)ﬁé{%ﬁlr(lﬁrrgg? f)t%' %;ﬁ‘?%gl?%%re ?13%% glctg%? FE{)SFIIql ‘ﬁgﬁ@ﬁ ligét l\tﬂl‘fyrt((g)({]utg

t he conpe%}%$$\¥j§hﬂ% | i,n ilg and the other of which is connected to a
connectigﬁ W %g“ me%%b 3 0 V 2005 184 and to a gate wiring |line 185.
A part of the gate wiring line 185 function as a gate electrode of the
current control Iai. Stge .fgﬂféﬂﬁr‘?‘??‘?%mﬁ%ft@n eg?%ﬂlblPF‘?ié‘e@é(j wWHh mbgdipents 1
functions as gate electrodes of the first swtching TFT 102 and the second
smﬁtchid@“¥%$fﬁ03. 5 A part of the power supply line Vi overlaps a part of
the gate wiring line 185 with an interlayer insulating film sandw ched

t her ebet ween. The overlap portion serves as a capacitor 107. A source
region of the current controlling TFT 104 is connected to the power supply
i ne Vi Em#dodikend8ai n region thereof is connected to a source region of the
EL driving 10 TFT 105 through a connection wiring line 186. A drain region

of the EL drivinphiJkhbbdinéd £GNRE A0t BE %8bp&lieetdrofl§idkd SiruduRar §s of
the display gate signal line Gbj functions as a gate electrode of the EL

drivigng shetmiQFig. 1.

Fig. 20 is a top view of the pixel of this embodiment. The pixel has a source
signal line Si, a power supply line Vi, a writing gate signal line Gaj, and a display gate signal
line Gbj. The source signal line Si crosses the writing gate signal line Gaj and the display
gate signal line Gbj but is lead out by a connection wiring line 182 to avoid contact between

15  the source signal line Si and the gate signal lines Gj.

Penoted by 102 and 103 are a first switching TFT and a second switching TFT,
respectively. 104 and 105 denote a current controlling TFT and an EL driving TFT,
respectively.

The first switching TFT 102 has a source region and a drain region one of which

20  is connected to the source signal line Si through a connection wiring line 190 and the other of
which is connected to a drain region of the current controlling TFT 104 through a connection
wiring line 183. The second switching TFT 103 has a source region and a drain region one
of which is connected to the drain region of the current controlling TEFT 104 through the

connection wiring line 183 and the other of which is connected to a connection wiring line




The structure of the pixel of the light emtting device according to the
present invention is not limted to the one shown in Fig. 20. Thg NOV 2005
structure of this enbodinent can 15 be conbined freely with Enbodi nents 1
t hrough 7. Enbodi nent 9 This enbodi ment gives a description on a nethod of
manuf acturing TFTs for a pixel portion of a light emtting device
according to the present invention. TFTs for driving 20 circuits (a source
si gnal | L& additviangateiwicing tlineal 80 i Al pgt gatle: gitgnakingiline RS fntgorchd 6 Yjate
and a display gate signal line driving circuit) provided in the periphery

of the pexelrodstith©Burt@y cb@rolfigg Ted on the sanme substrate on which the TFTs
for the pixel portion are placed at the sanme tinme the pixel portion TFTs

are formed. Firsty, %itﬁ%o%f'ev. i%g%i 1%he @ﬁ%&r@alf}%ﬁcﬁdn&%Qg%gel%cﬁofd% BEg.f £,om an

insulating filmb4 2 2 5 such ‘as a“silicon oXi m a silicon
nitride film. a ili.con oxynitride fi n a glass substrate 5001. The
substratgwgg%ﬂg?gT?%?ﬁ@SE%?“ﬁ%%$ﬂ%ﬁ%%$%t$*?Q%te gl ass typical exanple of

whi ch is Com ng 7059 gl ass or m.ng #1737 gl ass (product, of Comni ng .

| ncorporated), o paéthfa‘%EHPWS‘b%‘rpB i linec ik @ egrRiSE Parribiig gals Wiringlised 3> vEth £ or
example, a lamnate of a silicon 5 oxynitride film5002a that is forned
from Si Hat iNeEHayEnigsweond iy seodwichod thercketwii k g soveslap 1rtien 3e0chms 2
(preferably 50 to 100 nnm) and a silicon oxynitride hydride film 5002b
formed €apami@i Y. and N20 by plasma CVD to a thickness of 50 to 200 nm
(preferably 100 to 150 nm. Although the base film5002 in this enbodi nent

has a two-|ayer &t saetciregion ofrehe bereat sbmedlEnd J¥aT 1®f isocmeéted he thrputvat | ng
films given in the above, or a lamnate of two or nore 10 |ayers of those

i nsul ati ﬁﬁ)py Lifi® Vi AnS €49 &@ﬂﬂﬂéﬁi{)ﬁrthéﬂebﬂ?ﬂs R8NAdRE:dA0 a@@&f&h@?ﬁniﬁf%@EEf&ivﬁ@g
crystallized by laser crystallization or a known thermal crystallization

met NQgl t QA8 RroBEY §cBhhdciBn SEARE ARIYSH. OTA drain region of the EL driving TET 105 is
connected to a pixel electrode 181. A part of the display gate signal line Gbj functions as a
gate electrode of the EL driving TFT 105.
The structure of the pixel of the light emitting device according to the present
invention is not limited to the one shown in Fig. 20. The structure of this embodiment can

15 be combined freely with Embodiments 1 through 7.

Embodiment 9
This embodiment gives a description on a method of manufacturing TFTs for a
pixel portion of a light emitting device according to the present invention. TFTs for driving
20  circuits (a source signal line driving circuit, a writing gate signal line driving circuit, and a
display gate signal line driving circuit) provided in the periphery of the pixel portion may be
formed on the same substrate on which the TFTs for the pixel portion are placed at the same
time the pixel portion TFTs are formed.

First, as shown in Fig. 21A, a base film 5002 is formed from an insulating film
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film The crystalline sem conductor film makes island-Iike sem conductor

| ayers 5004 to 5006. The island-like senm conductor |ayers 500% % &{0850Q605
each have a thickness of 25 to 80 15 nm (preferably 30 to 60 nm. No
limtation is put on the choice of material of the crystalline

sem conductor filmbut it is preferable to use silicon or a silicon
germani um (Si Ge) alloy. Wen the crystalline sem conductor filmis forned
by | asersuch\staabilic@abkida, filt, RWis@nosieidel flnh, Ghdtay Hiic@ oL@idride UakSoMav@ass
excimer |aser, YAG |laser, or YYX |aser is used. Laser light emtted from

a | aser @ss&dtoseol VAR dubste 58PN FoinfeddSHatipRl por&lidaaciifd (U REQ eaa&;;;&%“r
beam 20 by an optical systembefore irradiating the sem conductor film

Condi t i aps.-of: lizat i : .
oot naficflis EOKANE h 1035 A0 oPCHAAL ¢147 AR pM AL ARGR B heor RN g '

and the |aser.enerqgy.density i et 100 t.o 400 mJ/cn? (typically..200 to
300 mos cHeRmoRgrit RS, The e BucaRg RalhonRED Enar SRS SeiilispBo
and the pulse ,?cillation_frequency i.s set to 30 to 300 kHz while setting
t he |5asequéﬁe%§l BeRY74 that i fgmnehirppitodtHgend NeOdum sy D eypihickresy 350
to 500 m}/cnR). The laser light is collected into a |inear beam having a
wi dt h ofoffl§oot280 noorrifmablhnt) exidRpine), andoosilivan axgnitridelidaide flind08R Foreed
substrate. The substrate is irradiated with the |inear laser light with

t he beanfsorn\iHL appiN§ epphsouEVDab a tivkavardfaid toat(0onof(peerhidy 90%06to 3 5Bext ,
a gate insulating film5007 is formed so as to cover the island-like

sem condig}. orAlkiaygh $hdbdd fila H0A6n thikh emBadirennBasl :afirioni@yér dtich@d) It insy berned
froman insulating filmcontaining silicon by plasma CVD or sputtering to

a thick e Uyef Of bRe P Msulatiil HthS «RER A IKEMove 2054 ldnGiAfte BF¥RbUri Al I | M
having a thi ckness of 120 nmis used. Needless to say, the gate insulating

fqubislgﬂ% Bfﬁk&@ﬂmﬁlﬁﬁ%ﬁhﬁicon oxynitride filmbut my be a single 10
| ayer or a fanlnate of other insulating filns containing silicon. For
exanple, if a silicon xide film.i.s used for the te .dnsulating,fil t he
FIimis formed By SIASHATEOD T i A Tenebboly RukPHE b o7 trBlARP b <

m xed Wc}r{r]stz?lﬁzéitpo% (Erhaekr{o%ancﬁlleronrllal e:;)?s%éﬁ Izra%olnsinestgéd Eoofogl(l) al?:?jzsi:}llnge semiconductor

film. The crystalline semiconductor film makes island-like semiconductor layers 5004 to

5006. The island-like semiconductor layers 5004 to 5006 each have a thickness of 25 to 80

15 nm (preferably 30 to 60 nm). No limitation is put on the choice of material of the crystailine
semiconductor film but it is preferable to use silicon or a silicon germanium (SiGe) alloy.

When the crystalline semiconductor film is formed by laser crystallization, a pulse

oscillation type or continuous wave excimer laser, YAG laser, or YVO, laser is used. Laser

light emitted from a laser as those given in the above is desirably collected into a linear beam

20 by an optical system before irradiating the semiconductor fitm. Conditions of crystallization

are set suitably by an operator. However, if an excimer laser is used, the pulse oscillation

frequency is set to 300 Hz and the laser energy density is set to 100 to 400 mJ/cm” (typically

200 to 300 ml/em?). If a YAG laser is used, second harmonic thereof is employed and the

pulse oscillation frequency is set to 30 to 300 kHz while setting the laser energy density to

wn
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substrate tenperature to 300 to 400C, the frequency is set high f(NJU?V E&
MHz, and the power density is set to 0.5 to 0.8 WcnR for el ec 2
di scharge. The silicon oxide filmthus formed 15 can provide the gate
insulating filmw th excellent characteristics when it is subjected to
subsequent thernal annealing at 400 to 500C. On the gate insulating film
5007, a first conductive film5008 and a second conductive film 5009 for

f or m ng yatig @)befﬁ;t/&@ae@p@m BoU FRE00 W/dnif).S ERDREE TR is EdIRclel i8h a linear
conductive filmb5008 is afilmwth a hlckness of 50 to 100 nm and t he

second L&%R’in\éed wﬁf?h gGU 209801 [u?ré ; Orvgyzakﬂ c. C%n‘% & HELHResR e?itlre_JSngst}ﬁe.

nm The by sputtering I a as a target i1Is

T ?“Lg b i iR B R iy AOR IR LR BB B sl Eackiorh o2 70°

filmfrom pe I|n off. The resistivity of a Ta filmin a phase i s about 20
t @m and?i¥® %%fﬂ’@qfép t%‘@%t e el ectrode On the other hand, the resistivity
56 2 2 NOV 2005 of a Ta filmin J phase is about 180 |ItQm and is not
suit@bl e for a g% algade rewdating films $QGY 5 formeghsss @s danceveadhs yislped-like
obt ai ned when a base with a thickness of about 10 to 50 nmis fornmed from
t ant al usemiiconiddeot heyersh4804 te r5pfbal The raate inselatippriox ABHE is domdedt from ehe a
phase Ta film 5 The Wfilmis formed by sputtering with Was a target.

Al t er natihsuddting filhecoMdiningsilivay b @ldsoran®dDhy spineringlto Cvbckissngf 4LdgiSaemn.
hexafl uoride (WF6). In either case, the W filmhas to have a | ow

resi sti hihis embodigent, tadilitsa otxgﬁmwef fillh@8nga Gatiees FCD0eEEIs RedeSNEANsE
resistivity of the Wfilmis 20 cmor |lower. The resistivity of the Wfilm

can be rt@‘éb‘fﬁﬂe by lllls'ﬁﬁftﬁgsﬂlﬂxglstn'&? liefidatals sﬂwnrbx%ﬁﬁdebﬂrm blf mh{SE& Qe t 00
many | npuri errents stuch as 10 oxygen in the I'm crysta l'ization is

T Pyt B2 e el
]? g; rere:js 0%2 ol }ng%?%ea fgr lhe ga.te nsuf Emg %ﬂtlnn tl}e t?lma%srfogn(%ecf%y pllasmahEVWIfHI vlvk?fcg eing
TEQS (tetraethyl orthosilicate) is mixed with O; and the reaction pressure is set to 40 Pa, the
substrate temperature to 300 to 400°C, the frequency is set high to 13. 56 MHz, and the power
density is set to 0.5 to 0.8 W/em® for electric discharge. The silicon oxide film thus formed
15 can provide the gate insulating film with excellent characteristics when it is subjected to
subsequent therm_al annealing at 400 to 560°C.

On the gate insulating film 5007, a first conductive film 5008 and a second
conductive film 5009 for forming gate electrodes are formed. In this embodiment, the first
conductive film 5008 is a Ta film with a thickness of 50 to 100 nm and the second conductive

20  film 5009 is a W film with a thickness of 100 tz-200 nm.

The Ta film is formed by sputtering in which Ta as a target is sputtered with Ar.
In this case, An appropriate amount of Xe or Kr is added to Ar to ease the internal stress of
the Ta film and thus prevent the Ta film from peeling off. The resistivity of a Ta film in

phase is about 20 uQcm and is usable for a gate electrode.  On the other hand, the resistivity




the Wfilmcan have a resistivity of 9 to 20 tQm Al though the first
conductive film5008 is a Ta filmand the second conductive 1B Z NO%W 20050
is a Wfilmin this enbodinment, there is no particular limtation. The
conductive films may be formed of any el ement selected fromthe group
consisting of Ta, W Ti, Mo, Al, and Cu, or of an alloy material or
conpound material mainly containing the elenents |isted above. A

sem condoi4 Ba filinlimf phyge is abduyt 180 pEdane hiysisalok kitebsd fof & @atefdldomodoped Twirtih an
inmpurity element such as phosphorus, nmay be used instead. O her desirable

conbi nat jroaspiate 26h E@Hﬂ%!b@'@otéi@é@ tien Ll B:3L ARHa SRERNds 6PN {0V R ?(igr'ng%s s
than the one shown in this enmbodinent include: tantalumnitride a for

Lant al um e R (RN PEHAY R BRSNS SRR EORR s bR

second cgpductive film5009: and tantalumnitride (TaN) for the first
conductive film5008 and Cu for the second conductive film5009. (Fig.

21A) 57 2 2 NOV 2005 Next,. a resist mask 5 is formed to carry out first
et chi*hg treat nenfgffglrﬁﬁbfsrﬁ)ﬂ'@e @W@H%?lg‘ﬁ ARiarnggt- | iAHEsgnatvaly HiegV film
enbodi ment, | CP (inductively coupled plasm) etchin is enployed in which
CF4 and B2» bgrlarmsdy thegmal; éWﬂw@S%@ﬂ@ﬁfanmeﬁﬂl%’lﬂB( siHzn Pt casef thes0o W
is given to a coiled electrode at a pressure of 1 Pa to generate plasna.
The subshikmbes ® havde lpwanpstvigtingederad see thecWifilesasang R cletB8odt Mdd)simbiver

of 100 Wso that a substantially negative self-bias voltage is applied.
When t hereristititly ef dit VWHAman @0CK2crh o1 Used, The rddistivitmor aredwt fien & Bd fetuédde
etched to the sane degree. Under the above etching conditions, if the

resi st nmskndréaspicoperdrysisihaidsizé hat fik tedre £0M68Ieddnyeinfpulity apehdnlesiw@cand
conductive filmare tapered around the edges by the effect” of 10 the bias
vol ygge } : : i s L a : tlons is
T s L R e S i e
on the gﬁ&%'fﬁ@%&%ﬁﬁ&%} %@@%@%ﬁt%%e?%itﬁqlhaneur{qsf 0?59.'995%% Plé/eda a%%ue{[ gr%gt to

20% The selective rati

care is taken not to allow impurities in the air to mix in the W film being formed. As a result,
the W film can have a resistivity of 9 to 20 pcm.
| Although the first conductive film 5008 is a Ta film and the second conductive
15  film 5009 is a W film in this embodiment, there is no particular limjtation. The conductive
films may be formed of any element selected from the group consisting of Ta, W, Ti, Mo, Al,
and Cu, or of an alloy material or compound material mainly containing the elements listed
above. A semiconductor film, typically a polycrystalline silicon film doped with an impurity
element such as phosphorus, may be used instead. Other desirable combinations of
20  materials for the first and second conductive films-than the one shown in this embodiment
include: tantalum nitride (TaN) for the first conductive film 5008 and W for the second
conductive film 5009; tantalum nitride (TalN) for the first conductive film 5008 and Al for the
second conductive film 5009: and tantalum nitride (TaN) for the first conductive film 5008

and Cu for the second conductive film 5009. (Fig. 21A)




silicon oxynitride filmis 2 to 4 (typically 3), and therefore a re

where the silicon oxynitride filmis exposed is etched by aboit? Zﬂﬂ( 060D
nm by the over-etching treatnment. In 15 this way, first shape conductive

| ayers 5011 to 5015 (first conductive |ayers 5011la to 5015a and second
conductive layers 5011b to 5015b) are forned fromthe first conductive film
and the second conductive filmthrough the first etching treatment. At

this point, reginegs aGbsibBaskGAe id Rembaid baryf bdtmrQehidd@éandes BPforaONEr €d
with the first shape conductive layers 5011 to 5015 are etched and t hi nned

by abo“%le%@o&c% A &HH 219165' rﬁ{thﬁoé?ﬁ%hﬁléﬁtat{ hdh%v@ﬁ;’%gleﬁdpl&gﬁ e.tChln%/

dopi'ng of an | r|ty enent g|v e conductivit

Ion dopi.n ion o S

tor 1y iyt & VB T B oo el B %%etd%% srorst PoSe Uk fﬁa%@@ﬁ 57of5 60
to 100 _keV. .The i [ Ienent t hat t ype condu IS an
el ement Bﬁﬁgﬁﬁgﬂﬁnf aceﬁ%hge%gxbﬁy6PE§P éﬂ%%@ﬁﬁ?ﬂéglﬁﬁa?ﬁ %%

Here, phosphorus (P) is used. In_this 58 N O V 2005 case, the

condict Fisie (Fayple $lago) 9ise eecsiyes 2 RE/A3 56 Mﬁ@kﬁe\a@faqfn@é) Vhe ‘ihﬁ‘p%ﬁlft’(SSF‘“@P]éYre nt
that gives the n type conductivity, and first inpurity regions 5017 to
5023 ar ecgaivesdlitmasavolsgt fis aiplighi ngyhearhemixtTeoffCFsndi Gip iy ey, thegiofilsn 5017
to 5023 each contain the inpurity elenment that gives the n type

conduct iand the Taviln seretivl t@theeimotlegrex 1020 to 1 x 102" atons/cnB. 5 (Fig.
21B) Next, second etching treatnent is conducted while | eaving the resi st

mask in place amdsP@ambbit EtbBing ¢34ditibasd if thd Zosis@RfdsIOR Rbferls@pas et 8hk ng
gas to etch the Wfilmselectively. Through t he second etching treatnent,

second %9@&}@@9%% i \Be LRYEA Eorg%évé ﬂln‘%%%@érm Stoun€ ARAUGEL %8 thAYELS 0502561

to 5029a secon conductive [ayers 5025b to 5029b) are forned. 10 A

hi f I d
R L AL R e 1 18
The reaction of the Wfil

? In |dmt P IO ned b%ﬁ @g tﬁ%g ugt[iYSF? gfﬁbsa'gnlaqut(liafmg any residue on the gate Insuﬂi%ng ri“sllrn,

the etching time is prolonged by about 10 to 20%. The selective ratio of the W film to the
silicon oxynitride film is 2 to 4 (typically 3), and therefore a region where the silicon
oxynitride film is exposed is etched by about 20 to 50 nm by the over-etching treatment. In

15  this way, first shape conductive layers 5011 to 5015 (first conductive layers 5011a to 5015a
and second conductive layers 5011b to 5015b) are formed from the first conductive film and
the second conductive film through the first etching treatment. At this point, regions of the
gate insulating film 5007 that are not covered with the first shape conductive layers 5011 to
5015 are etched and thinned by about 20 to 50 nm.

20 First doping treatment is conducted next fer-doping of an impurity element that
gives the n type conductivity. Ion doping or ion implanting is employed. In ion doping, the
dose is set to 1 x 10" to 5 x 10™ atoms/cm® aﬂd the abceleration voltage is set to 60 to 100
keV. The impurity element that gives the n type conductivity is an element belonging to

Group 15, typically, phosphorus (P) or arsenic (As). Here, phosphorus (P) is used. In this




and Cl2 can be deduced fromthe vapor pressure of radical or ion species
generated and of reaction products. Conparing the vapor pressiyrg kppnziis
fluorides and chlorides of Wand 15 Ta, W6 that is a fluoride of- Whas an
extrenely high vapor pressure while the others, nanely, W15, TaF5, and
Tad 5 have a vapor pressure of about the same degree. Accordingly, the W
filmand the Ta filmare both etched with the m xture gas of CF4 and d 2.
However ,caphehe anndwppe dpreradel2ambdts sfivdas inmskedaledhnst ohet miymurivy xteuremt gias,

CF4 and 02 react to each other to be changed into CO and F, generating a

| ar ge angunt thef n Rypadosdlcsivity, dnd GRg. imfperity r@Sedst S0the WO2 abd lidamMaose a
fluoride has a high vapor pressure is etched at 2n increased etching rate

On the @ihelmbandanidie €he @ﬁgqn{r%h@y %;&A&eﬂﬁ fol S g»acﬁ%n ag‘&rtk?é‘gﬁgh gv Chan

when F ions are i ncreased in nce Ta I's nore easi (0)Q

W the ae‘i’é}hédtgl%t%i e?’th{jl‘?g;ébletc% &t&rﬁ%%%%{%ﬁcgptr& on éfhle syt Re& 1?)f“ gl%s/c

film The oxi reac chlorin

t her fo:{? tBﬁBgtCh' ng rate of the Ta filmis reduced further. Thus a

diff i tching rate 59 2 2 NOV 2005 is introduced between the Wfilm
and the Ta film_so that the etching rate of the Wfilmis set faster than
the etching rat é\o LRATHCHPE HFaT8hiscordirdpinigatipg dierreritt maskdbménset ed
as shown in Fig. 22A. In the second doping treatnent, the filmis doped

wi t h an asapewi iy Figt ehent Clhdtle.gind & artiesed as pisbinggrag éndide theWtBiim sslegtidelse
smaller than in the first doping treatnment and at a high accel eration

vol t age.Througheit@ngkend tlehingcieaitmemt sannd chhpgeoridacthet layers AD26 ao 152QA9KEvstand
the dose is set to | x 1013 atons/cn2 to formnew inpurity regions inside

the firsontigiveildyers STI5ANS SODS ard Schad BRtuttivd Rerk S5t $000bs e feaneuCt or
| ayers in Fig. 21B. Wiile the second shape conductive |layers 5026 to 5029

ar e1ysedy@gidHske ré%@ﬁé@ﬁ tHeNBird {HQHFath’ 2 SRR tthat’ £9 'n@ﬂéoxlé%iﬁhtﬂ%é Beeohlir st .
conductl ve |ayers 26a 5029a are also doped with the inpurity elenent.

Thus %edcd’i’l'aﬁctggééﬁgeré SH ﬂot%ﬁ f&%exs%%fedtaﬂd ﬁggéed by]zrqjotupﬁ(s % 5(mﬁﬂr ity

regi ons 5 to b contai n ‘phosphorus e concentration
gradi ent that Colqe%ga 10n onh l%@fllhgl a%%qge SI"a film to etchmg by the mixture gas of CF4

and Cl can be deduced from the vapor pressure of radical or ion species generated and of
reaction products. Comparing the vapor pressure among fluorides and chlorides of W and
15  Ta, WFg that is a fluoride of W has an extremely high vapor pressure while the others, namely,
WCls, TaF's, and TaCls have a vapor pressure of about the same degree. Accordingly, the W
film and the Ta film are both etched with the mixture gas of CF4 and Cl.. However, when an
appropriate amount of O; is added to this mixture gas, CFsand O- react ‘to each other to be
changed into CO and F, gencrating a large amount of F radicals or F ions.  As a result, the W
20  film whose fluoride has a high vapor pressure is etched at an increased etching rate. On the
other hand, the etching rate of the Ta film is not increased much when F ions are increased in
ﬁumber. Since Ta is more easily oxidized _than W, the addition of O- results in oxidization of
the surface of the Ta film. The oxide of Ta does not react with fluorine or chiorine and

therefore the etching rate of the Ta film is reduced further. Thus a difference in etching rate




gradient in the tapered portions of the first conductive Iayerga 026a to
5029a. In the sem conductor |ayers that overlap the tapered p i NG 2005
the first conductive |ayers 5026a to 15 5029a, the inpurity concentration
is slightly | ower around the center than at the edges of the tapered
portions of the first conductive |ayers 5026a to 5029a. However, the
difference is_ very slight and al nost the same inpurity concentration is
kept t hr ughediced hetvashitronatibn srd thealpelilen, sqihat dhasgteling gate pé thenWriilm i sehen
carried out as shown in Fig. 22B. CHF6 is used 20 as etching- gas, and
react i vefasten thandhé eighioRIr& of theekafiloyed. Through the third etching
treatnent, the tapered portions of the first conductive |ayers 5025a to
5029a are parti alheh seebeheshihg tresteisaeistdopductgl Snsowhedn Eid. [PeAf | 1S the second
conductive |layers overlap the sem conductor |ayers. Thus ferned are third

shape copghigs i v@ihamerife T3P it UopP4Onih i arrﬁtimg‘gfztgg)@ﬂe{n\éﬁt higepives 20362 th%e

5040a and 'second conductive |ayers 5036b to At this point, regions

of 1 . ?gcrgiﬁgmlf}g/ irlzgggseg%gﬂllér%’aﬂ ?rgg'%gﬁ{st) h%ggg%a&&ﬁ a ('[i%te ;Mé%% %éc%ieg%aovﬂ th

t he thi ape “conductive Tayers are tur
t hi d by,.ab 20 to.5 Third i At [ 2 5035.
Formea.« REGhen FoecehibG Vi R pp ablTe SO Vo PeyoRisteie s0s2

to 5035 caongi st of third inpurity regions 5032a 5 to 5035a that overl ap
the first ondWEtSF 1CajfsFs N8 IFRUAY 5RaNs, InFids Jhe dirs) elpuribn degiens that arc
inmpurity regions 5032b to 5035b each fornmed between a first inpurity region
and a sefwmed innfhgr islandridyi senicppdustiswiayen | gis. 238 f Wilile hthiengsgpid shape
regi ons 5043 to 5054 having the opposite conductivity type to the first
conduct i «indyctigepayas 602 ®ronEILYi ane tded dsshakel agaiket theanipoandeictont, repforsaydess
5005 and 5006 for form ng p-channel TFTs. The third shape conductive | ayers
5033w anghe F840knan&ivesiagkraSODeS KS5ERYAI A0S hlsb RepédRuthithy iIRp@E enadid. | TR i ty

regions are forned in a self-aligning manner. At this point, the
i sl and- | fok@es Qrd SRRICMEHRTy keiSis SH4of SU35f OTHE MGrd impurity regions 5032 to 5035
contain phosphorus (P) with a gentle concentration gradient that conforms with the thickness
gradient in the tapered portions of the first conductive layers 5026a to 5029a. In the
semiconductor layers that overlap the tapered portions of the first conductive layers 5026a to
15  5029a, the impurity concentration is slightly lower around the center than at the edges of the
tapered portions of the first conductive layers 5026a to 502%. However, the difference is
very slight and almost the same impurity concentration is kept throughout the semiconductor

layers.

Third etching treatment is then carried out as shown in Fig. 22B. CHF; is used
20  as etching gas, and reactive ion etching (RIE)} is erﬁployed. Through the third etching
treatment, the tapered portions of the first conductive layers 5025a to 5029a are partially
etched to reduce the regions where the first conductive layers overlap the semiconductor

layers. Thus formed are third shape conductive layers 5036 to 5040 (first conductive layers

5036a to 5040a and second conductive layers 5036b to 5040b). At this point, regions of the
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n-channel TFTs and the wiring line 5036 are entirely covered with a resist
mask 5200. The inpurity regions 5043 to 5054 have al ready beenZ dojed d#lbh
phosphorus in different 15 concentrations. The inpurity regions 5043 to
5054 are doped with di borane (B2H6) through ion doping such that diborane
. dom nat es phosphorus in each region and each region contain the inmpurity
el enment in a concentration of 2 x 1020 to 2 x 1021 atons/cnB. Through the
st eps algeteapsitlineng fijpu SDOY tiae gicans cavaed osithetle ithird $tape esplctivy biyeissi0aads | | ke
sem conductor |ayers. The third shape conductive |ayers 5037 to 5040 20
over | appoag atehfarthed addtkdl ank @hisfed IHPIMHIELPFo S@Ar s function as gate

el ectrodes. The layers 5036 function as island-1ike source signal |ines.

After the resistrysky teBidn MB052010 150Ss | AP Ubihdd Gt‘ﬂu%f@?ttﬁc %ﬁﬁg didhiflope

the island-1ike senlcoagugto | ayers 1 n order to contro he conducfivity

types ar (RY d. . Th tivati hSe carried out. by ther nal )
aneal  gaBiel o LA mitaRRY) 1003 8 shis £t 57 g mblt Rief Ty e
met hods  a abl e include |laser anneal {ng a r api her mal anpeal i ng.

(RTAS . G RBEA diet ad hy Ps B RuEDEs 1574 B SHOGerBEsHIepnes Wt h an
oxygen concentration of 1 mor .l ess, preferably 0.1 ppmor |ess, at 400
to 700Cimpymiydsgiops 5682k .each Termesl beswirgdd BESiMPEHY ©6ipst angtasqcend

subj ected to heat treatnent at 500C for four hours. However, 5 if the

Wi ring kmperityaegenal used for the third shape conductive |ayers 5036 to
5040 are weak against heat, the activation is desirably nmade after an
interl ayer i nsulAstshognfinlHig.(2960, fbyith demiray négienssid43aomDs4 satiap nedopposne der
to protect the wiring lines and others. Another heat treatnment is conducted

in an atsmaRbene thRMoaiheifie onldlctk@R%ypbyed RERRd ah tIROR14na-14&0&niiedndab@:t 0
twel ve hours, thereby hydrogenating the island-like 10 sem conductor

| aygg s. 1008 d08rRAES086 kY oshiRS-Efinhd ﬁffsp'e 3‘% %iﬂﬁé}ﬁhé RS RRAGS 14y PrstsH8ob

sem conductor |ayers using thermally exci hydr oge Al'ternatively,

2 lrrgls g?e 8§:¥ %ﬁﬂﬁ)ezﬂ@hgé?pas(xﬂggk@ %gg%grtﬂg ?rﬂp&rﬂ?teleﬁcn?g&i }n?pqlril?y refig'l&%”é‘?é fJTR¥%d 91?

a self-aligning manner. At this point,.the island-like semiconductor layer 5004 for forming
n-channel TFTs and the wiring line 5036 are entirely covered with a resist mask 5200. The
mpurity regions 5043 to 5054 have already been doped with phosphorus in different
15 concentrations. The impurity regions 5043 to 5054 are doped with diborane (B;Hs) through
ion doping such that diborane dominates phosphorus in each region and each region contain
the impurity element in a concentration of 2 x 10%° to 2 x 10*' atoms/cm’.
Through the steps above, the impurity regions are formed in the respeétive
island-like semiconductor layers. The third shape conductive layers 5037 to 5040
20  overlapping the island-like semiconductor layers function as gate electrodes. The layers
5036 function as island-like source signal lines.

Adfter the resist mask 5200 is removed, the impurity elements used to dope the

island-like semiconductor layers in order to control the conductivity types are activated. The

activation step is camried out by thermal annealing using an annealing furnace. Other
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As shown in Fig. 23A, a first interlayer insulating film 5055 is forned
next froma silicon oxynitride filmwth a thickness of 100 toZ 20804mp(0s
second interlayer insulating 15 film 5056 is forned thereon from an
organic insulating material. Thereafter, contact holes are fornmed through
the first interlayer insulating film 5055, the second interlayer insulating
filmb5056, and the gate insulating film5007. Connection wiring |ines 5057

to 5062 ati@atibrdhivgibdayadeptabls Hichgle 298 SAPARGE b ralid tiGrmhi Bﬁnefaﬂﬁ@i(RTW)}g ing

line) 5062 is in contact with a pixel electrode 5064, which is fornmed by

pat t er ni g thEHga) GARREGE O BonthubeA%n Llinp?r%gh {ﬂgﬁéﬁ%err%%gpﬁ %@/g\éﬁ Iéé)l‘ﬂ;%{llr- '(fnzéfagd

drain wiring lines. A Source wring connect e

source region aof an activ aver and a i n_W.ring.lineis i ring |ine
connect eggP% %qa?sapﬁe%erP%lé’ﬁ)oL PRy ?rﬁl S5 8t ?@gtq Fé@eh t’%ﬁ‘@hg 298 ﬁa%Pﬁ‘% rl ]g‘y'éfs
insulating film5056 is a filmmade of an organic resin. Exanples of the
usabl e o?‘gléqd“@e‘f‘te e PUPHIE HeRibrsted thilgat sttt 980 Gafaryfpichquss HHoweiFrBCB
62 2 2 NO V 2005 (benzocycl obutene). Since planarization is a significant
aspeét of thqwinng knematerial yweddn the third shagee¢oridnetivealeyery SPP6 ta 50BbarcarsaK i c
resin that can level the surface well is particularly preferable. In this
enbodi meageinst heatadhy larievationnisi desirhibly kmedwoutitr to isferinyanaineulbiivgy fidme{mainly

di fferences caused by the TFTs. An appropriate thickness of the filmis 1
to 5 m d®nfqumief eilizbh)is 2otmed4n Bder Theroenthactiringliass aidethasmed by dry
etching or wet etching, and include contact holes reaching the inpurity

regions 5017 to AtbkferBadt Nekathent Nist dRAuGONGY Gl Mido¥piRie (BBtaidiiPYr id Y00%
regi ons 5043, 5048, 5049, and 5054 having the p type conductivity, a

cont act 1Ak’ AN DIASHE: W1 4110 LRSS, AT ARFONAL Sl 100 NG

reachi ng "a power supply line, and 10 con reaching
o1t ScptaninateShe HPRSSLARU L0 W I%R05He' ReESRE SharoB ol
shape. E@reniclzo%ml&g} € Iffy%rnsSi aéi;.slg Oftheannglyf ielxgtgg t ply(?rogen. Alternatively, plasma
hydrogenation (using hydrogen that is excited by plasma) may be employed.
As shown in Fig. 23A, a first interlayer insulating film 5055 is formed next from a
silicon oxynitride film with a thickness of 100 to 200 nm. A second interlayer insulating
15 film 5056 is formed thereon from an organic insulating material. Thereafter, contact holes
are formed through the first interlayer insulating film 5055, the second interlayer insulating
film 5056, and the gate insulating film 5007. Connection wiring lines 5057 to 5062 are
formed by patterning. The connection wiring line (drain wiring line) 5062 is in contact with
a pixel electrode 5064, which is formed by patterning. The connection wiring lines include
20  source wiring linesand drain wiring lines. A source wiring line is a wiring line connected to
a source region of an active layer and a drain wiring line is a wiring line connected to a drain
region of the active layer.

The second interlayer insulating film 5056 is a film made of an organic resin.

Examples of the usable organic resin includes polyimide, polyamide, acrylic resin, and BCB
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t hi ckness of 100 nm a Ti-containing alumnumfilmwth a thickness of 300
nm and a Ti film with a thickness of 150 nm which are succesgi¥&jQ) f005red
by sputtering. O her conductive 15 filnms nay of course be used. The pi xel
el ectrode 5064 in this enbodinent is obtained by patterning an ITO film
with a thickness of 110 nm A contact is made by arrangi ng the pixel

el ectrode 5064 so as to overlap the connection wiring |ine 5062. The pi xel

el ect r od@cimy yélobkeRd. bSmﬁ:@%ﬂ@ﬂn@ﬁtlmﬁlst 5 %@Eﬁ’daﬁ%spﬁ@tngﬂ%' M bk liR g&o\m' ch

indiumoxide Is mxed with to 20% zi nc oxide (ZnO. 20 The pi xel
&) ect rodgicalifd. SEhMES: AinsBNAdTLO kR dit: EhaERA gEﬂf&e Ay Pabaiafy
shown | n Figl 23B, an insul ati ng I'm cont ail ni ng SI?I con sil feon oxi de

film iLent |sf hi.c s_of

apert ur ep r%fs%r%%eegte)[o P Odlfnepr’ntg‘s acr)ﬁgsflholﬁk@{?}%re@%%ﬁg? neémt”BrlF htg ©Je%ilti on
of the Pdﬁ el ectro (E% 5064 A third mterla}\{ insulating film 5065
functi orffiHEreBECSaCHRRK s then J& Ts-or ABJaPPrRRIalp dhickpess i ther 183l 2025 N v/
2005 using wet etching, thereby readily formng tapered side walls. If the
si deSwal (PEforblyYelo 4e)t ure i s not smooth enough, the level difference can
make degradation of an EL layer into a serious problem Therefore
attention nust DBehepaintct hpleFlrd ymed 5068y amdiing aavtioderiidpad ietledt coda)t
5067 are forned by vacuum 5 evaporation successively w thout exposing the
subst r atl®ldsorcatieingithe imperityhiogkine s¥)10f tot H@lEhavih@yiey n5Q66 cosdisgivity @r8@et 0
200 nm (typically 100 to 120 nn). The thickness of the cathode 5067 is set

to 180 tim gaﬁ&y fopdrs Y9ou8.as 48, 3040, td 2984 Making!the bhyﬁe sdRRetitiRe aonlagygsle and
e en

t he cat ho arefornedlnaplxel for red Ilght in a pixel for green

I'i ght, %Q&hﬁﬂ?ﬂe'v@nﬁomﬁégﬁi’ag% cBleHg Ho'lfggﬁ)use&?? E[ls?lécl)ﬁ?‘%i{ oWAV§: g%ﬁy\hnelgmd

resistivity to solutfons, |nh|b|t|ng th t hogr

They gf ord %H%QEIEAQ @%ﬂho@j ?@a%h%% ulq %eﬁénf%%%&% formed together with an EL

| ayer of ano cat hodes are selectively forned
in pixel f on | or il ri i h r
pt xets ot o efheoco(r)megt\ﬂ)n v%n%(c)r 1enes %%54? %32 are (Ebtaemgc} By? pattternmﬂ a laminate

with a three-layer structure into a desired shape. The laminate consists of a Ti film with a

thickness of 100 nm, a Ti-containing aluminum film with a thickness of 300 nm, and a Ti film

with a thickness of 150 nm which are successively formed by sputtering. Other conductive
15 films may of course be used.

The pixel electrode 5064 in this embodiment is obtained by patterning an ITO
film with a thickness of 110 nm. A contact is made by arranging the pixel electrode 5064 so
as to overlap the connection wiring line 5062. The pixel electrode may instead be formed of
a transparent conductive film in which indium oxide is mixed with 2 to 20% zinc oxide (ZnO).

20  The pixel electrode 5064serves as an anode of an EL element.  (Fig. 23A)

Next, as shown in Fig. 23B, an insulating film containing silicon (a silicon oxide
film, in this embodiment) is formed to a thickness of 500 nm and an aperture is opened in the
film at a position comesponding to the position of the pixel electrode 5064. A third

interlayer insulating film 5065 functioning as a bank is thus formed. The aperture is formed




colors with a metal mask. To el aborate, first, a mask that cover?%?ppvtgﬁﬁ
pi xel s except pixels for red light is 15 set and EL |layers for efMttin

red light are selectively formed using the mask. Then a mask that covers
all the pixels except pixels for green light is set and EL | ayers for
emtting green light are selectively formed using the mask. Lastly, a mask
that covers all the pixels except pixels for blue light is set and EL

layers f@ingeniet tehdhgnd)| tereby gbidinr forfmed e edpeal Mdé aFdMBd USIHROsidd REIINBSK he
Al t hough different masks are used in the description here, the same mask

may be 2Rl nbP&BSothicABSeH, Phe l‘%@@él{Hiﬂ&eﬁ&ecaﬁknéwd%régagg{eio% 8{ ﬁ{%ﬁﬁqé@@% 5

Fornmed here are three types of E enents I n accor

| nst ead, %ngpg hﬁbiér%htl‘ﬁe%ilo%e% %}%HE%%%HE{T%?MM&O”M ned with color filters, a

bl ue Ii g% ui's green en% €l ement conbi ned with -
fl uorophors (flugprescent or .conver si ayers: , or overl apped RGB
EL ol enents wi t A BaERgget o%‘&o%F%‘EO%I &é&&@f”‘f’%@ggg@&fe bormid By HINM2005
transparent el ectrode may be used. A known naterial can be used for the EL
| ayeP SOBBPOTALDR SYCSEIbIY RABRR cxpadiae ity substratn to theatil- ¢ Thsttbickagss of kg Bl t he
driving voltage into consideration. For exanple, the EL |layer has a

- four - | ayleyersi0bds getetodidnioi 210 my (bipicatliidiog th 28 omi)on Thayeirkness hbthe cathode
transporting 5 layer, a light emtting |layer, and an electron injection

| ayer. TH®7aasdoa@8GO6I00 mn {typieldy DéXto. 250hins). enbodi ment uses MyAg for the
cathode 5067 but it is not limted thereto. O her known materials may be

used for the catinahie sk@Sthe EL &Skt ¥nd BeRAGDLY afd BAnéd (i pREBIIr Fed MR Ehehr oM
a silicon nitride filmwith a thickness of 300 nm The passivation film

5068 praheLtseed 6r Blechai@fi, 208 &nd’ &M Mk 44k Ebllucl@i tﬂt’?d Thiegl | lﬁf‘etr% tetﬂ% 96

further enhancing the refiability of the EL elene However,” the
Pt kaboll) B S0 R5HPSSRN b BALALIRG o ALY o
one color cannot be formed together with an EL layer of another color. Then EL layers and
cathodes are selectively formed in pixels of one color while covering pixels of the other two
colors with a metal mask.
To elaborate, first, a mask that covers all the pixels except pixels for red light is
15  set and EL layers for emitting red light are selectively formed using the mask. Then a mask
that covers all the pixels except pixels for green light is set and EL layers for emitting gréen
light are selectively formed using the mask. Lastly, a mask that covers all the pixels except
pixels for blue light is set and EL layers for emitting blue light are selectively formed using
the mask. Although different masks are used in the description here, the same mask may be
20  used three times for forming the EL layers of three colors.
Formed here are three types of EL elements in accordance with R, G, and B.
Instead, a white light emitting EL element combined with color filters, a blue light or bluish

~ green light emitting element combined with fluorophors (fluorescent color conversion layers:

CCM), or overlapped RGB EL elements with a cathode (opposite clectrode) formed of a
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process of manufacturing a light emtting device according to ?hz @‘fﬁﬁé
i nvention, the source signal lines are forned of Ta and Wtha r

materials of the gate el ectrodes 15 whereas gate signal lines are fornmed of
Al that is the wiring line material for form ng the source and drain

el ectrodes in consideration of circuit structure and the process. However,
different materials may al so be used. The light emtting device of this

enbodi NeRhngshnbblkstrdRMMahbOikeriel i ability and inproved operation
characteristics owing to placing optimally structured TFTs in not only the

20 pixel portionabyf.ah %ﬁ’at%t’?al_t&ﬁ B LN GorCleCHE USyer! S0d6Ne AC DY Ablel ZAbd PN

step, the filmmy be doped with a netal catalyst”such as NI to enhance the

crystall Lo P SANARCHIG NG 6 ¥ LR diee WIS cEGNSA ISP OURROKBh e

source S|gn§ I ne I'Vi it Cul e r.
practice, t device reaching the state of Fig. 23B is packaged (encl gsed)
Do . 65t B KO DOTSI T St CoRPsiats Fle g Biered GHE Ao T ous
little gas to transm.t (such as a lamnate filmand a UV-curable resin
film5 or layet pdight epiiRgdayes god spelpctrybingstipplayes t her avoi d exposure to the
outside air. A space inside the seal may be set to an inert atnosphere or a
hygr oscopi ¢ sub$hanabodhaG7umlioxmadencxt.or Tiax amppéimennyses dpha tedhe lsethede o
inmprove the reliability of the 5 EL elenent. After securing the

ai rti ght 6@sEbithriowghlipited dgiang oDthet Reswip racemi meay bausedrineht aathodd S@6G. bl e
printed circuit: FPC) is attached for connecting an external signal

termnal wWth a Li@RyMangssivado® Ylimf 5068 id) €orgle@MBBinS a Qfilidinl fitdides filar e on
the substrate. By follow ng the process shown in this enbodi nent, the

number - ofni BRALOO R fm. 19 nPFRMNDHOA ARNSACHUILRANE Er! ADL: A8l EbRUnbiRkC

can be reduce As a result, the process Is cut short to reduce the
RN RO L OBk G ITANE RSS! de ThERL RN L fahbkS SRRTLIRRL
passivation film 5068 may not necessarily be formed.

A light emitting device structured as shown in Fig. 23B is thus completed. In the
process of manufacturing a light emitting device according to the present invention, the
source signal lines are formed of Ta and W that are the materials of the gate clectrodes

15 whereas gate signal lines are formed of Al that is the wiring line material for forming the
source and drain electrodes in consideration of circuit structure and the process. However,

different materials may also be used. o

The light emitting device of this embodiment exhibits very high reliability and

improved operation characteristics owing to placing optimally structured TFTS in not only the

20  pixel portion but also in the driving circuits. In the crystallization step, the film may be
doped with a metal catalyst such as Ni to enhance the crystallinity. By enhancing the
crystallinity, the drive frequenéy of the source signal line driving circuit can be set to 10 MHz

or higher.

In practice, the device reaching the state of Fig. 23B is packaged (enclosed) using




t hrough 8. 15 Enbodinment 10 If an EL material that emts light_utjlizin
phosphorescence by a triplet excitonis wused in the present |%Qeﬂavoﬁﬂ t he
external {ight em ssion quantum efficiency can be inproved exponentially.
The i nmprovenent mekes it possible to reduce power consunption of the EL

el ement, prolong the lifetinme of the EL el enent, and reduce the wei ght of
the EL elenent. 20 Sone of the report on inproving the external Iight

em ssi o i: t|||2| | et . exci ven

bol o LPIOREEHE Ut iRy, Byl bt R t&slrmﬁi B o8 o Hpiithne
Organi z Mol e e ed. K. Honda, .(El sevier Pub. , Tokyo,
1991, ) g‘?m W&f@fﬁv Pﬁ@lo’f(‘c‘&ﬁh‘r&@ﬂ?lsﬁé%é?f SO HTHisT 479 B0y e
has t he follommng_i 66 2 2 N OV 2005 nol ecul ar fornula. Chemical Fornula 1
(M A Balbgeutsplesir. @ gpace pnside thysepl may betsuiotankpert a1g10s8hesE @y 2 hygrogcopic
Thompson, S. 5 it Forrest, Nature 395 (1998) p. 151.) The EL material (a
Pt conpbéhsjande §leariure dxidn, fonexampie} nmyaizoplecddatbetette imprdvewha geliapiite cdilthe
formula. Chemcal Fornmula 2 10 (M A Baldo, S. Lanmansky, P. E. Burrrows.

M B THEbmgdsomt. S. R Forrest, Appl. Phys. Lett., 75 (1999) p. 4.) (T.
Tsutui, M J. Yang, M Yahiro, K Nakanura, T. Watanabe, T. Tsuji, Y.

Fukuda, T. VaKi mpsecﬁin%/a%ﬂ@ﬂtness] &%ugﬁﬁﬁbkagﬁﬁ@’ &r othdSrbdedBhg (al &b ctor
an

L1502.) The EL nateri al It conpl ex) described in the artlcles above has
the fol (uifg prifRleeGHLAr FpY)TUhRached for connecting an external signal terminal with a

terminal led out from the elements or circuits formed on the substrate.
By following the process shown in this embodiment, the number of photo.masks
10  needed in manufacturing a light emitting device can be reduced. As a result, the process is
cut short to reduce the manufacture cost and improve the yield.
The structure of this embodiment can be combined freely with Embodiments 1

through 8.

15  Embodiment 10
If an EL material that emits light utilizing phosphorescence by a triplet exciton is
used in the present invention, the external light emission quantum efficiency can be improved
exponentially. The improvement makes it possible to reduce power consumption of the EL
element, prolong the lifetime of the El. element, and reduce the weight of the EL element.
20 Some of the report on improving the external light emission quantum efficiency
by utilizing a triplet exciton are given below.
(T. Tsutsui, C. Adachi, S. Saito, Photochemical Processes in Organized Molecular
Systems, ed. K. Honda, (Elsevier Sci. Pub., Tokyo, 1991,) p. 437.)

The EL material (coumarin) described in the articie above has the following
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15 Chem cal Formula 3 As above, in principle, the use of phosph?r,}ewt
light emssion by a triplet exciton can bring an external |ight « sizg%
guantum efficiency three or four times higher than in the case of using
fluorescent light em ssion by a singlet exciton. 20 The structure of this
enbodi nent can be freely conbined with any of structures of Enbodinents 1
t hrough 9. Enbodi nent 11 This enbodi nent describes a case in which an

or gani ¢ melktdanfbmeilt is used to 67 2 2 N O V 2005 forman active |ayer of
a TFT enpl oyed by a light emtting device of the present invention.

Her ei naf ¢dmica Fonhuphpse active layer is forned of an organi c sem conduct or
is called an organic TFT. Fig. 27A is a sectional view of a planar organic
TFT. A gate electrode 8002 is 5 formed on a substrate 8001. A gate
insulating film®8003 is formed on the substrate 8001 while covering the
gate el ectrode . the_gate.in atipg.film8003,. a source el ectrode
8005 and a dr ai Elglg%eg\%]dé’db 80 réerne%%?‘hé%‘%hﬂﬁmg%o@’a%%b]seérMc%nﬁle?R?P“f$1 m
8004 is faormed _on the gate insulating film 8003 while covering the source
el ecfr o&%@%‘a%@ﬁ@&%ghp- BYlektrode 8006. 10 Fig. 27B is a sectional
view of a reverse stagger organic TFT. A gate electrode 8102 is fornmed on
a substrate 8101lheAEhapaterialdalPatcomgplexi) [das@iboa in thef atinledibove himeths fbBowatge
8101 while covering the gate el ectrode 8102. On the gate insulating film
8103, ammaolegdai fvrmskuri conductor film 8104 is formed. A source el ectrode
8105 and a drain electrode 8106 are formed on the organic sem conduct or
film 810ZherdibalHogmu”C IS a sectional view of a stagger organic TFT. A
source el ectrode 8205 and a drain electrode 8206 are forned on a substrate
8201. An organic sem conductor film

10 (M. A. Baldo, S. Lamansky, P. E. Burrrows. M. E. Thompson, S. R. Forrest, Appl.
Phys. Lett., 75 (1999) p. 4.) (1. Tsutui, M. J. Yang, M. Yahiro, K. Nakamura, T. Watanabe, T.
Tsuji, Y. Fukuda, T. Wakimoto, S. Mayaguchi, Ipn. Appl. Phys., 38 (12B) (1999) L1502.)

The EL material (an Ir complex) described in the articles above has the following
molecular formula.

15  Chemical Formula 3

As above, in principle, the use of phosphorescent light emission by a triplet
exciton can bring an external light emission quantum efficiency three or four times higher
than in the case of using fluorescent light emission by a singlet exciton.

20 The structure of this embodiment can be freely combined with any of structures of

Embodiments 1 through 9.

Embodiment 11

This embodiment describes a case in which an organic semiconductor is used to
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8204 is formed on the substrate 8201 while covering the source ?Iﬁqﬂyfgg
8205 and the drain electrode 8206. On the organi c sem conductor Ti gi,
a gate insulating film8203 is fornmed. A gate electrode 8202 is formed on
the gate insulating film8203. 20 Organi c sem conductors are classified
into high nol ecul ar weight ones and | ow nolecul ar wei ght ones. Exanples of
the typical high nolecular weight material include polythiophene,

pol yacet ydrghg aRBlcYiaNermthry F”P)éﬁfp%ﬁhybypé)hgﬁ@e‘rﬁilttﬁé{ dQplenebrestftdnvention.

pol yal I yl enevi nyl ene. An organi ¢ sem conductor film containing

polyt hi pﬂ@%f&ﬁna -t &Bgﬁdac@i}ée G8ves i€ f&l%édzgpg’n 8!@%&@6‘&1& n%lugtor is called an

pol yneri zation or vacuun1evaporat¥on. n or gani ¢ Sem conduct or 5 Fm
containin&ﬁgobﬁﬁgetylene can be forned by chem cal polynerization or
appl i cat PHA™MCAT “or gani ¢ semi conductor fil m contai ning

pol y(N-net hyl pyrrole) can be fornmed by chem cal _ polynerization. An organic
sem conduct or fi Fi& & ﬁtiéiarﬁeﬁﬁo%l"}ﬁ("@ﬁgﬁ RVAER PEBAENE) T c oh 2ple Beqtedersd0Bbys
application or the LB nmethod. An organic sem conductor film containing

pol ydl | yfasmedianyh enestratenSE.. f ¢ getd ibsulaipy fikaB0Oh is orawploasthofsubdwmate §Riical

| ow nol ecul ar wei ght material include quarter thiophene, dinethyl quarter
t hi ophenehildicpirring the gamichetroan8002ac dhetheand: hailathoeiien 3@3gabarce clectrode
sem conductor films containing these | ow nol ecul ar weight naterials are

mai nly f guomeshdoy dratilelemaRRrsdbs af: REimE@St AR Brgasici@miconahmentiim §064 BifoHeddr €
of this enbodi nent can be freely conbined with any of structures of

Embodi megy Shel shid! RYGbdD -filhfﬁn@ﬂﬁi R chéerimy ﬁe%%réeh&eéthlgfét 8@ Lid e geu ce

using EL elenents is a se I ght em ssion type, this ight emtting
device h i Lsibility in alight place and a wi de view angle, conpared
to the g?g%%gn%X%Stal di spl ay devices. Therefore, this light emtting

deVIl%e can be usﬁﬂg. 3719 a sectional view of a reverse stagger organic TFI. A gate electrode

8102 is formed on a substrate 8101. A gate insulating film 8103 is formed on the substrate
8101 while covering the gate electrode 8102. On the gate insulating film 8103, an organic
semiconductor film 8104 is formed. A source electrode 8105 and a drain electrode 8106 are
formed on the organic semiconductor film 8104.

15 Fig. 27C is a sectional view of a stagger organic TFT. A source electrode 8205
and a drain electrode 8206 are formed on a substrate 8201.  An organic semiconductor film
8204 is formed on the substrate 8201 while covering the source electrode 8205 and the drain
electrode 8206. On the organic semiconductor film 8204, a gate insulating film 8203 is
formed. A gate electrode 8202 is formed on the gate insulating film 8203.

20 Organic semiconductors are classified into high molecular weight ones and low
molecular weight ones. Examples of the typical high molecular weight material include
polythiophene,  polyacetylene, poly(N-methylpyrrole),  poly(3-alkylthiophene), and
polyallylenevinylene.

An organic semiconductor film containing polythiophene can be formed by
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di splay portion of various el ectronic equipnent. Gven as such electronic
equi pment of the light emitting device of the present 20 inventibtGi €005
vi deo caneras, digital cameras, goggle type displays (head nounted

di spl ays), car navigation systens, audi o playback devices (car audio,
audi o conponent, and the |ike) notebook conputers, gane nmachi nes, portable
information termnals (nobile conputers, cellular phones, portable gane

nachi neSeletﬁhecflél@nb@lyﬁﬁﬁﬁtuﬁr ok h@achﬁrﬁelvapbf%‘éﬁ Pl RRgkic ds@fﬁ'x&)ﬁﬁud‘éﬁ)

recordlng medi um (specifically, the devices with such™display as ac s

69 2 2 d til dISC V a d the
i ke) an {s?glg é&%({@q?{nﬁ%gﬁgbg&}g é]% {)gjl n pgéra% p%bﬁgmzaa%n °5r%P %ﬁ%?{?gr
information .term.n e the .user scr.een fronla
Slant o PEREE S GeBt 30 SotipitiBg pal - e gqaa berFRIFER i TR
light emtting devices is preferably used therefor ecific exanpl es of

t hose arRPIEREUHFLOR- Fg oregnis sempeqpd “gﬂﬂf%fﬁcﬁ%taafﬁnapobi(g wladthipphened dapiken is
conposed of housing 2001, a supporting base 2002, a display portion 2003,
a sp&akeforped thomppd@gion son thted B mpmthod: erdm rakanio GeBicontectbi giin emiteininyg
devices of the present invention can be applied to the display portion
2003. Sipudpaltyhenelinyhineem be foreneddviappliéasioa. sel f |ight emtting type, the
back light is 10 unnecessary. As a result, the display portion which is

thinner than t haxsfpleher ﬂhk(ﬂyﬂiéhlQ(B\ySﬁcﬂéculﬂ!vﬁéi%?ﬁ)&nﬂ%\fdm&m@é‘qmwEﬁ@{bﬂ'@:‘ﬁg 't
is to be noted that the EL display device includes all the i nformation

di spl ay dgetisgs qhsrdre thf&?@éﬂ%or dipBthalRyshiRET SAMRAcEO ”Qi'rlﬁ CliotrfdefeCel @%nfcor
TV broadcastlng, a display for adverglsenent and 'the like. Fi'g shows

a di gi t al. 3t GRlcORMRNLE c\ﬁﬁt‘a%gé %Sgét) {Hg\gﬁ%fe(fg ar%u tr}an %ﬁeor}jalél]}ogf)jn%eg b%!pl ay

portlon 2102, |nage receivin era ion
ext i or n..portion 2105 a shutter 2106 and t he Ilke The |i ght
ﬁplng 8@%3 § %ﬁlﬁ%u&ngggﬁ? T nventi on can be applied to the display

ortlon 2102. )
p The structure of this embodiment can be freely combined with any of structures of

Embodiments 1 through 10.

Embodiment 12
15 Since the light emitting device using EL elements is a self light emission type, this
light emitting device has high visibility in a light place and a wide view angle, compared to
the liquid crystal display devices. Therefore, this light emitting dew;ce can be used as a
dispiay portion of various electronic equipment.
Given as such electronic equipment of the light emitting device of the present
20  invention are video cameras, digital cameras, goggle Type displays (head mounted displays),
car navigation systems, audio playback devices (car audio, audio component, and the like)
notebook computers, game machines, portable information terminals (mobile computers,
cellular phones, portable game machines, electronic books or the like), image playback

devices with the recording medium (specifically, the devices with such display as playbacks
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Fig. 24C shows a note conputer which is conposed of a main body 2201
housi ng 2202, a display portion 2203, a key board 2204, an ext@rd &0V 2005
connection port 2205, and a t0' pointing nouse 2206, and the |ike. The
light emtting devices of the present invention can be applied to the

di splay portion 2203. Fig. 24D shows a nobil e conputer which shows a nmain
body 2301, a display portion 2302, a switch 2303, an operation key 2304,

an 1 nf r aectoRQing2308uraathie it aTBDVDHhd 9 ﬁik@g&bagg%p&gg o g,

present invention can be applied to the display porti

shows a pord,ablg p fce.wth a recordin dium .

(speci fi ca{el f/l 1‘21 IiD@% gﬁrh%/%%’g El%(}éo\c/]?a\é!a 1,nfgv€ﬁ1|acli,}1 R it%mé%a}rpsé%‘%dgegflseé Y Boese
2401, howusin 402, a_ display porti.on 403, a, display portion B2404, a
recor di nlléls ?ﬁg‘% LYo g’ir&&)‘or}’/ F&‘&éf‘ﬁ’l@wﬂgﬁt@o‘hwﬁo‘ﬁ?‘ﬁéﬂ ped ATeEe. KB lighoe,
a speaker portion 2407, and the like, The 5 display portion A2403 nmainly
di spl ayst} deHeSripRrsTerblamygditheretirs pPeseilio pxammesspiathase agishpyndndpkays
letter information. The |ight emtting device of the present invention can
be &ppl3%d to the display portion A2403 and B2404. The inmge pl ayback
device with the recording nmediumis incorporated to the donestic gane

machi nes. Fig. 2E4E hévshowsgogFledisyipe ddivieplvalyish (headdposed ndfelb@ingpl @S )a
which is 10 conposed of a main body 2501, an display portion 2502, and an

ar m por tsuppor@ing bascl DE02, b @hdplayepdrtibh R0V fe8RerHord dMe2001E 8 SRtcol iIAMANEIRARaICAN
be applied to the display portion 2502. Fig. 246 shows a vi deo canera which

s compoRRRd. offa Ak Rkt dBRLs G mdl SRIAY iRRAkibD Rar? B0Zmpliess N AR, an.

exterior connection portion 2604, a renote contro recerving portio

o0 OSSO0 A 0 g el SO T A BB R BT
BSOS b oPE R A $0: R0 il 2
2702, a(ﬁ%g Ig 'BP&LJ&? %ZDBK an .audj o input portion 2704, an audi o _out put
portion %: %Vﬁ obtained. It is to be noted that the EL display device includes all the
information display devices to be incorporated in a personal computer, a receiver for TV
broadcasting, a display for advertiéement, and the like.
Fig. 24B shows a digital steal camera which is composed of a main body 2101, a
15  display portion 2102, image receiving portion 2103, an operation key 2104, an exterior
connection portion 2105, a shutter 2106, and the like. The light emitting devices of the
present invention can be applied to the display portion 2102.
Fig. 24C shows a note computer which is composed of a main body 2201, housing
2202, a display portion 2203, a key board 2204, an exterior connection port 2205, and a
Z07  pointing mouse 2206, and the like. The light emitting devices of the present invention can
be applied to the display portion 2203.
Fig. 24D shows a mobile computer which shows a main body 2301, a display

portion 2302, a switch 2303, an operation key 2304, an infrared port 2303, and the like. The

light emitting devices of the present invention can be applied to the display portion 2302.
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operation key 2706, an exterior connection port 2707, an antenna 2708, and
the like. The 20 light emtting devices of the present inventi@m ¢V bpggs
applied to the display portion 2703. And the display portion 2703 can
reduce power consunption of the cellular phone by displaying white letters
on the black display. Note that, if the light emtting |um nance of the EL
mat eri al becones higher in the future, it is possible to use the EL

It
material to a f t, by f ar t ype ojector .by 71 22 N Q. V 2005
magn i ng and bEbi20 PaTt AR R PltbRiit et f dacnhiagemedim
information.w.th | efc Fyrther, the electronic equi pnent_ described
above aksé’eﬂgg?ﬁﬂ’ iaklglq@) B@Ba%acvﬁépl”giﬁhn‘ﬁ GOmPeFSalt 8ran d1ady mfldd howsang
el ectroni c conmuni cations |ines such as Internet and a cable television
( CATV) . 2442, padispleri IpaFtionoAgde3. umiisples nertéor BefddhsettchiinghineHivmp (PN, ekc.)
information are displayed. Since the response speed of the EL material is
ext r enefrepdhviggpyrtion R805,i ghopemtion kay 2466, ¢ apezkeppeftenablOy, usédhd tike. The
di spl aying notion pictures. Further, in the light emtting device, only the

por t3 ondishlay eportien 2903 msinkNdibpla g imGRNEEERELBh SHIT iHe EOMBY pofivar BRAIL, it
is desirable to display the information so that the light emtting portion

beconmesmaidly HishRyaft@H filfordsatidASs SThE BghAGEREEY ek ofitik ‘I%r@%n@ HeBBOE canl e
information termnal, particularly in the case where the Iight emtting

devi ce L$idaed f@rdigoish ' t@ﬁg)di [ act
infornaﬁ%%n, such é%ﬂg¢§@hﬁﬁlggﬁ%ﬁ%%% an 4an%ﬂgﬁﬁﬁéggwg§%%§E@ﬁ@§ﬂ§%?t?? IS
desirab Lye the display. device such that non-light emtting portion
is used}egg}dgn%ag Iglrnolg#l g]’%ofl{a e%‘:{ﬁ% ac 08}65%%%%%%@% s fornmed by the Iight
emtting portign. descri bed above, the application _range of the
present inventi ]gﬁﬁ'* i%&sgﬁ‘%ﬁ’%é ERggic fype; ‘g‘s%l@bsl (s mopgted @éPllatﬁ?ii whduihment
of every field. The electronic equipnent of this enbodinent can be

obtXd netPEPssh oL 3 Mairbedye230d sun displgy PPBIPRCORBI ardtanors Pofti@ndédi ndie dight

through 11.
emitting devices of the present invention can be applied to the display portion 2502.

Fig. 24G shows a video camera which is composed of a main body 2601, a
display portion 2602, housing 2603, an exterior connection portion 2604, a remote control
receiving portion 2605, an image receiving portion 2606, a battery 2607, an audio input

15 portion 2608, an operation key 2609, and the like. The light emitting devices of the present
invention can be applied to the display portion 2602, |

Fig. 26H shows a cellular phone which is composed of a main body 2701, housing
2702, a display portion 2703, an audio input portion 2704, an audio output portion 2705, an
operation key 2706, an exterior connection port 2707, an antenna 2708, and the like. The

20 light emitting devices of the present invention can be applied G the display portion 2703.
And the display portion 2703 can reduce power comsumption of the cellular phone by
displaying white letters on the black display.

Note that, 1f the light emitting luminance of the EL material becomes higher in the

future, it 'is possible to use the EL material to a front type of a rear tvpe projector by
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Wth the above structure, the light emtting device of the presgﬁb
invention can 20 obtain a |um nance of constant |evel irrespecti St 2005
tenperature change. Furthernore, if different EL materials are used in EL
el enents of different colors in order to display in color, tenperature
change does not cause varying degrees of changes in | um nance between the
EL elenents of different colors and a failure to obtain desired colors is

evi co. RAUTIITS BRIFAPUAE Or Dplbrsn gt oebnstrmapeinfirrefore i g 2 ong

TFT, a third TFT, a fourth TFT, an EL el enent, a source signal line, a
first gate signdiriher |theeslecirogic: saiPESRl dsshad 4P0HR  2rarBOR ek russd gier y
line, wherein the third TFT and the fourth TFT are both connected to the
first gaiwlayigmmiormatine digtribuied viagdecatropicerommoddeationh éines suchhe Inthimetamk-T has
a source region and a drain region one of which is connected to the source
si gnal Ichinle tehobiditre (QIATEF). of Inwpartbulbhs epponecities d4re iacdaskdnin ediidn mdving 0
the first TFT, wherein the fourth TFT has a source region and a drain

regi en en@nahtiothiehdiifayedONSaft @ik tRpdite speati 6f MBHIO Madrial Meekikdnsdly H1Fg}1, and
the other of which is connected to a gate electrode of the first TFT,

wher ei n (g SAHEGRNG HePRRe X prbRLaty ﬁ&hffIﬁﬁsﬁlﬁyiﬁ %h?gctﬁﬁs.t he power supply

line and the 15 drain region thereof 1s conn a source region of

th d TFT, I in. i gn. of t:h TFET | C
one of two of ool e itk AR bR BB oV SRR whick U FARICEEAL

t he second TFT i.s connected.to the.second gate signal l|.ipe. 20
consumes eléctric power. dTherefore, it"1s desirabie to d?spgay the mpormation so that the

light emitting portion becomes a little as much as possible. Accordingly, in the portable

10  information terminal‘,‘”l;articularly in the case where the light emitting device is used for a
display portion that displays mainly character information, such as a cellular phone and an
audio playback device, it is desirable to drive the display device such that non-light emitting
portion is used as a background, and character information is formed by the light emitting
portion.

15 As described above, the application range of the present invention 1s so wide that
it is applicable to electronic equipment of every field. The electronic equipment of this
embodiment can be obtained by any structure resulting from combinations of Embodiments 1
through 11.

With the above structure, the light emitting device of the present invention can

20  obtainh a luminance of constant level irrespective of temperature citange. Furthermore, if
different EL. materials are used in EL elements of different colors in order to display in color,

temperature change does not cause varying degrees of changes in luminance between the EL

elements of different colors and a failure to obtain desired colors is thus avoided.
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2. Alight emtting device according to claim11, wherein the thigd g@iﬂ&@
the forth TFT have the sane polarity. 3. Alight emtting devi cé & f
to claim1, wherein the light emtting device is a 25 device selected from
the group of. an EL display device, a digital steal canera, a note

conput er i) uter, a portable inmage playback device, a google

type d%ﬁi}}g‘?ﬁ‘Aﬁﬁgggcamra and cellular phone. 73 2 2 NO V 2005 4. A
met hod of driving a light emtting device that has a plurality of pixels
each including a TFT and an EL el ement, wherein the TFT is operated in a

saturatign rangg e%f{n@hgid%gggaﬁgu%gwwltbréfg)%@ls ARl t%ﬁt?%cfﬁ“.”ae'

formation regi-6n o ntro I'n accordanc a Video

si gnal sdcan@ TFIT! 8 thiRETFO G, foWhE TEIMan/EE Wimdnf e shirkelsinaliMd, Rl dattistdhat he
current, wherein VGS of the TFT is held and a predeterm ned current flows

i ntH t Hee,blscedrainprd sigiah ling) @hd b ipeweFupply linesecond period, and wherein no
current flows in the EL elenent in a third period. 10 5. A nethod of
driving a | ihhcirethetthird d Fdeanidctbe fdnath BHEE age pdthicahndciedab the fiedt gate sidmal
including a TFT and an EL el enent, wherein the TFT is operated in a

sat ur atiP®# theingae elgagedasn t he amount of current flowing into a channel

ormt on g o8 O 10 TET, en 20 G eSS, 1 i 4 020
Cur oA B AR A R R R B 0L
Per$ OdheHiek TFT,
wherein the fourth TFT has a source region and a drain region one of which is
connected to the drain region of the first TFT and the other of which is connected to a gate
electrode of the first TFT,
wherein a source region of the first TFT is connected to the power supply line and the
15  drain region thereof is connected to a source region of the second TFT,
wherein a drain region of the second TFT is connected to one of two electrodes of the
EL element, and
wherein a gate electrode of the second TFT is connected to the second gate signal
line.

20

2. A light emitting device according to claim 1, wherein the third TFT and the forth
TFT have the same polarity.

3. Alight emitting device according to claim 1, wherein the light emitting device is a
25  device selected from the group of: an EL display device, a digital steal camera, a note
computer, a mobile computer, a portable image playback device, a google type display, a

video camera and cellular phone.
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wherein no current flows in the EL elenent in a third period. 20 6. A

met hod of driving a light enitting device that has a plurality @f2diXel 205
each including a first TFT, a second TFT, and an EL el enent, wherein the
first TFT is operated in a saturation range, wherein the amount of current

flowing ipto a chgnnel. formation region qof the first 25 TFT is controlled
i n accordance eﬂ“’a dgx e Ibﬂ%‘éf:n’i‘tﬁn%g?‘il?%émﬂ@ﬁiad’z‘}fak%é’lf ersisvegh of t he

first TET. isS C rokl e ith the current, wherein VGS of the first TFT is
hel d afit Réh%graegg?@%%g&%eﬁﬁn nt flows into the EL el enent through the

first TFT ?ﬁge}eﬂﬂhgq@qqgo‘égaeh@lgﬁg%ﬁgg@éi od, and wherein the second TFT

is turned inathird perio 2005 7. A nethod of driving a

|ight enittiypgrefleitic GenduliBbl Oafen1BWilidihtd ¥ ciRinnfl féﬁhai&ﬁ%gionidmm?% a
first TFT, a second TFT, and an EL elenent, wherein the first TFT is

opes at eghtiolled i adcofdahiOwith aRgRo sipnahiaraefidt fdiedamount of current flow ng
into a channel formation region of the first TFT is controlled in

accor dance wihtiwiraVyd afgbe IFGnatontiollad fiiththe pardngd, wherein VGS of the first
TFT is controlled with the current, wherein the current controlled with VGS
and fl owi ngvheicauYhs efitbe EREnnkeld pad aprddeiermingd cumend flopsdntpithas EL Temeht ows
into the Eg@ﬂ@' ig&nt t hroygh .t he second TFT in a second period, 10 and

wher ei P econdn #59eond Petiph@8dOFF in a third period. 8. A method of

driving a light.emtting,devic at has.a pl.urality of pixels each

i ncluding a F@&nwengﬂggﬁgh@e#ﬁlerﬁe@ﬁ??ﬁ’l M08 fourth TFT, and an EL
el ggent, 15 wherein in a first period, the third TFT and the fourth TFT
connect a gate el ectrode of

5. A method of driving a light emitting device that has a plurality of pixels each
including a TFT and an EL element,
wherein the TFT is operated in a saturation range,
wherein the amount of current flowing into a channel formation region of the TFT is
15 controlled in accordance with a video signal in a first period,
wherein Vgs of the TFT is conirolled with the current,
wherein the current controlled with Vs and flowing through the channel formation
region of the TFT flows into the EL element in a second period, and
wherein no current flows in the EL element in a third period.
20
6. A method of driving a light emitting device that has a plurality of pixels each
including a first TFT, a second TFT, and an EL element,
wherein the first TFT is operated in a saturation range,
wherein the amount of current flowing into a channel formation region of the first
25  TFT is controlled in accordance with a video signal in a first period,
wherein Vgg of the first TFT is controlled with the current,
wherein Vg of the first TFT is held and a predetermined current flows into the EL
element through the first TFT and the second TFT in a second period, and
wherein the second TFT is turned OFF in a third period.
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the first TFT to a drain region of the first TFT, and the anount %f gv&éﬁﬁt
flowwng in a channel formation region of the first TFT is contr%llg ;

a video signal, wherein VGS of the first TFT is controlled with the
current, wherein VGS of the first TFT is held and a predeterm ned current
flows into the EL 20 element through the first TFT and the second TFT in a
second period, and wherein the second TFT is turned OFF in a third peri od.

oi xel o caen ihBTRERY oBviperdier T e hchah A BrtlS ofeRehieBen 13 0
TFT, a 3 ggf rein i Lkst period, the third TFT and the
fourt hﬂlq%&@h onﬁéﬁ?pg’r%%féﬁe ec’tarﬁgg’gﬂc}fée%h%’ first TFT to a drain region of

the first TiEereAitle iA® TEMAY Bberdbd Gith AMaribh B9 in @ channel fornmation
region of the first TFT is controlled wth a video signal, wherein VGs of

the5first Tiwheieth therdnidint @ cwirtilt Aid@ing Uhdoed thanhdl BrAalVrefiboier s t he
current controlled with Vos and flowi ng through the channel formation

r egi onToT it tumtrolled in acedrdahawsith avaled kendllin elfasmrtiod,hr ough t he second TFT in
a second period, and wherein the second TFT is turned OFF in a third
period. 5 1WhemimBehefdhefirsgdFViineorarolledmithahg eurtangy devi ce that has a
plurality of pixels each including a first TFT, a second TFT, a third TFT,
a fourth TEFICEHYthgFupeniesoamoted WikkeY ey Apchilgiingrhequebithe ehasmeletoringlion s

supplied.to sQur reqgian o e first, TFT, .. wherei . video signal is
hpot ¢ g B TET R e H iR cprbdyeng et ' Lo

t heg eof,d hrough the third TFT and the fourth TFT in a first period, wherein
a predetermned current flows into the EL el enent in accordance with the

el ectric pol@Bicipthe QécohPTFYTIi8 8@n&l OPRNn & BfiRM@Rolihe first TFT and the second
TFT in a second

8. A method of driving a light emitting device that has a plurality of pixels each
including a first TFT, a second TFT, a third TFT, a fourth TFT, and an EL element,

15 wherein in a first period, the third TFT and the fourth TFT connect a gate electrode of
the first TFT to a drain region of the first TFT, and the amount of current flowing in a
channel formation region of the first TFT is controlled with a video signal,

wherein Vgs of the first TFT is controlled with the current,

whetein Vgs of the first TFT is held and a predetermined current flows into the EL
20 element through the first TFT and the second TFT in a second period, and

wherein the second TFT is turned OFF in a third period.

9. A method of driving a light emitting device that has a plurality of pixels each
including a first TFT, a second TFT, a third TFT, a fourth TFT, and an EL element,
25 wherein in a first period, the third TFT and the fourth TFT connect a gate electrode of
the first TFT to a drain region of the first TFT, and the amount of current flowing in a
channel formation region of the first TFT is controlled with a video signal,

wherein Vg of the first TFT is controlled with the current, .
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period, and wherein the second TFT is turned OFF in a third perig%%#b% %ﬁ
A nethod of driving a light emtting device according to claim 8¢ r'ei 05
the third TFT and the fourth TFT have the same polarity. 12. A nethod of

driving a light emtting device according to claim9, wherein the 20 third

TFT and the fourth TFT have the sane polarity, 13. A nethod of _driving a
light eni ttwﬁ?areab&ec%ma%%()ﬂad PethcVay ﬁﬁldlﬁs)wme'iequrshtt f ChanRel ropgiotand t he

fourth TET e-th 0 ity. .25 . t hod rivin | i ght
i 1t § RS 6 0t a8 el ok YL et oueh TR etk o <P hEpeisd o 1
a deviggyselected fromthe group of. an EL display device, a digital steal
canera, a note conputer, a nobile conputer, a portable inage playback

device, a Q@%&h@&k%&%n@ﬁ??ﬁ@ﬂnmﬁiMFﬁ%Paﬂ%m%kﬁo&nd cel lul ar phone. 76 2 2
NOV 2005 15. A method of driving a light emtting device according to claim

5, sherein the light emtting device is a device selected fromthe group
of . an EL display device, a digital steal canera, a note conputer, a

nmobi | e colfput ek methaqdarftdailving a lighg emjitting Hexd ke dethas @, plaalityodghxeistepple di spl ay,
a video canera_and cellular _phone. 5 16. A nmethod of driving a |ight

em t ti Hgluieng eBrshdEDr disasgnd OFT) athird§ Flwadewtn ¥ hawndiag il dementi ng device is
a device selected fromthe grou an EL display device,_ a di]gi tal steal

camera, a n3PEELABYERFIcCHC Rl i%lci;, saRied o a spysesreampef fhedle Hilayback
device. B RO IR SRR e g 5 TR A S PR B S, 1
10 region thereof through the third TFT and the fourth TFT in a first period,
wherein a predetermined current flows into the EL element in accordance with the
electric potential of the video signal through the first TFT and the second TFT in a second
period, and
wherein the second TFT is turned OFF in a third period.
15
11. A method of driving a light emitting device according to claim 8, wherein the

third TFT and the fourth TFT have the same polarity.

12. A method of driving a light emitting device according to claim 9, wherein the

20 third TFT and the fourth TFT have the same polarity.

13, A method of driving a light emitting device according to claim 10, wherein the

third TFT and the fourth TFT have the same polarity.

25 14.. A method of driving a light emitting device according to claim 4, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
steal camera, a note computer, a mobile computer, a portable image playback device, a

google type display, a video camera and cellular phone.
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light emtting device is a device selected fromthe group of. a Eﬂgqj i&l}&ay
device, a digital steal canera, a note conputer, a nobile conp#atéeriyaLis
portabl e i mage pl ayback device, a google type display, a video canera and
cellular phone. 15 18. A nethod of driving a light emtting device

accordi ng]fto claim8, erein the light emtting device ii a. device

|
sel ect ed ¥r om” REIdRfSriyme aalthEEméﬁ“%Flﬁvc‘H@?P@@}gT&%qh&i%fl erkeértj 81 caner a,
. . mobi | ter,, t abl el | i
Goog! o EGR M 0GiE 0 o feyil Rl Gn AR PR PG D AP GRT S R G hod o
a0 . Y, . o o : e
o vt 1 B, £Hold LAY LRBAE Yol 2 BT Prepl 1Bk WAL

devi Ceﬁo@gléd.tj@.bﬁ% layS4 G@ko EANEH And BellPdrHneALPUt €r, a nobile conputer, a

portable 7 mage playback device, a google type display, a video canera and

celfjul ar phone. 25 20. A nethod of driving a light emtting device
according to claim 10, wherein the light emtting device is a device

sel ect ed I om A netigrdmfplrioing alightemiliting dayicesncorkng @ cdhiigi @ atheresd ol caner a,
a note conputer, a nobile conputer, a portable inmage playback device, a
googl elightprmigiingndeayce ig aviayins sshostedarem dhe globp|odr arpgb rdZS.plazfﬁemcz, adeeitgl 2005
21. A nethod of driving a light emtting device conprising:. selecting a
first g5tlecungpat NOIHEOBPYEEE rd BIDIG copmMisEs BPofiebls Bnage rleybgel dewryrl | ne
driver circuit to turn.dO\l first gnquiec nd TFTs; 5 flowing a first current
corresp %?ﬁge\ﬁsp@ya%wi R GUnYP SR L PP our ce signal |ine, the first

TFJpand a third TFT wherein a voltage between a gate el ectrode of the third
TFT and a source region of the third TFT is VGS;

17. A method of driving a light emitting device according to claim 7, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
steal camera, a note computer, a mobile computer, a portable image playback deﬁce, a
google type display, a video camera and cellular phone.
15
18. A method of driving a light emitting device according to claim 8, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
steal camera, a note computer, a mobile computer, a portable image playback device, a
google type display, a video camera and cellular phone.
20 7
19. A method of driving a light emitting device according to claim 9, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
steal camera, a note computer, a mobile computer, a portable image playback device, a
google type display, a video camera and cellular phone.
25
20. A method of driving a light emitting device according to claim 10, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
steal camera, a note computer, a mobile computer, a portable image playback device, a

google type display, a video camera and cellular phone.
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finishing to select the first gate signal line to turn OFF the Lf%r,sh gng
second TFTs, wherein the Vos of the third TFT is kept during t Zf p t %d
second TFTs are in an OFF state; 10 selecting a second gate signal line

el ectrically connected with a second gate signal line driver circuit to
turn ON a fourth TFT; and flow ng a second current corresponding with the
VGS of the third TFT into an EL el enent through the third and fourth TFTs,
wherein the thj TET A erated i.n a,saturation range during the first
current ¢ ndk bbb gR RIS Pl ol S Al TS Er ' A0 her el n ¢ he

second gat e%é%c?iﬂg'a h}s‘t‘gager ﬁ%ﬁ L& Q0ARNR LPABONGRH 7 fﬂE’chefti g%ﬁalpl%é- od.

22. A netho revin t emtting device conprisin ecting a
first gal@ cgtand tuld ON Pkesldrdbald preonnected with a first gate signal line
20 driver circuit to turn ON first and second TFTs; flowing a first current
cor¥ espondi figwinigt dfigsd cuira@ecoSiegpvallingnyith an S@LgE Sighildnrl a kdures sigihdigdink] r st
TFT and a third TFT wherein a voltage between a gate electrode of the third
TFT anthe fastslir aed a thgidohF Tovherem & Yltage BetWers a Y@8 eldeirndesdif the thin! Bl @t t he
first gate signal line to turn OFF the first and second TFTs, 25 wherein

t he VGBs@ree regioniftlap thipd TFY ik Mus; during the first and second TFTs are in an

OFF state; _.seJecting a second gate sjgnal line electrically connected with
a second gapglsi%]i“éﬁﬂlsglef“i ﬁ’@-fg‘ﬁ 9%? S&ﬁ”@-t 1% tq gup GEF &9 Grst 8t perort il Iang
flown eco CHET ent r.es di.ng,wit h the Vi t he thi FT into
o B B N LG Tk BT R A b ] et 12 et i o
thepthird T i e ratl ri t { ent or
the " Second i B ST BT Aa A FOREcE W o RRphd AL ST

cur r entiné 9V cirBliftd digh BN LloaARNMEFTE BiPugh the third and fourth

flowing a second current corresponding with the Vgg of the third TFT into an EL
element through the third and fourth TFTs,
wherein the third TFT is operated in a saturation range during the first current or the
15 second current flows into the third TFT, and

- wherein the second gate signal line are selected more than once in one frame period.

22. A method of driving a light emitting device comprising:
selecting a first gate signal line electrically connected with a first gate signal line
20 driver circuit to turn ON first and second TFTs;
flowing a first current corresponding with an image signal into a source signal line,
the first TFT and a third TFT wherein a voltage between a gate electrode of the third TFT and
a source region of the third TFT is Vgs;
finishing to select the first gate signal line to turn OFF the first and second TFTs,
25  wherein the Vg of the third TFT is kept during the first and second TFTs are in an OFF state;
selecting a second gate signal line electrically connected with a second gate signal
line driver circuit to turn ON a fourth TFT; and
flowing a second current corresponding with the Vgs of the third TFT into an EL

element through the third and fourth TFTs,
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TFTs nore than once in one frane period. 5 23. A nethod of drizilmng!@ gﬂ@gt
emtting device according to claim?21, wherein the |ight emt{i*hg de

is a device selected fromthe group of. an EL di splay device, a digital
steal canera, a note conputer, a nobile conputer, a portable inage playback
device, a google type display, a video canera and cel|ul ar phone. 10 24. A
net hod of dPP¢icHythy thirdy bt Tepoperpied in e vparativadangs dyingdhe figst gherent offls ef n

the light emtting device,i evjce selected fromthe group of. an EL
di spl af/gcﬂﬂ@f%‘?nttgog'ﬁé’}t?élfe@lraﬁTgéﬁ‘FLr a, a note conputer, a nbile conputer,
a portabl e ipas plAYBACK TN s BRUH clohRfi SRl e dinY LS QoG 2

and cel | ul ar phone.
TFTs more than once in one frame period.

23. A method of driving a light emitting device according to claim 21, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
steal camera, a note computer, a mobile computer, a portable image playback device, a
google type display, a video camera and cellular phone.

10

24. A method of driving a light emitting device according to claim 22, wherein the
light emitting device is a device selected from the group of: an EL display device, a digital
stecal camera, a note computer, a mobile computer, a portable image playback device, a

google type display, a video camera and cellular phone.

15
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