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; 6789e3ej bbcTef8j6njTj{ t ~1 ACTIVE MATRI X TYPE DI SPLAY APPARATUS, ACTI VE
MATRI X TYPE ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRI VI NG
METHODS THEREOF BACKGROUND OF THE | NVENTI ON The prei\mmm“mm\ﬂwwn rel ates
to an active matrix type di splay apparatus having a ce in each
pi xel and controlling display in the pixel unit by neanscode*t he active
device and a driving nethod thereof, and particularly to an active matrix
type di splay apparatus using an el ectrooptic device that varies brightness
according to a current flowng therein, an active matrix type organic EL
di spl ay apparatus using an organic material electrolum nescence

(her ei naf t eaceever Maee IXS TAPEADIS PER Y( @PPQRATOS) ACIIVEC MpTRAV ITYPEAS t he
el ectrooptic device, and driving methods thereof. For exanple, a liquid

crystal displ apreging: EilrErichmsstenet Ipespeayi s apastey) ganwf a pi xel
has a | arge nunber of pixels arranged in a matrix manner, and controls

light intensity in each piXepre¢eREMB8abAsi RfiprABFI ON of an inmage to be
di spl ayed, to thereby effect driving for inmage display. The sane displ ay

driving is effected by an organic EL display using an organic EL device as
a display device of a pixel and the n~re~o~ i ke. Since the organic EL

display is EéégéggpggdggeHBElggbgﬁgiohype display using a light emtting

device as t vice of a pixel, the organic EL display has
advant ages such as higher visLbiIiti of %Eaﬂes, no_need for a_backlight,
and a hi gher respbR€ePERBEATadNEERhAPRIT Gt EhePNECI PRURTELYGsPRF Tk spl ay.
Moreover, the organic EL display differs greatly froamthe liquid crystal
di spl ay or tKee| fkeP1@Ki BRPASBSVF| avdngr ¢85t ACtd¥F deyicyg 1n each

vol tage-controll ed type, in_that brightness of each |ight
pixel and controlling display in the pixel unit by means

of the active device and a driving method thereof, and
particularly to an active matrix type display apparatus
using an electrooptic device that varies brightness
according to a current flowing therein, an active matrix
type organic EL display apparatus using an organic-
material electroluminescence (hereinafter described as
organic EL (electroluminescence)) device as the
electrooptic device, and driving methods thereof.

For example, a liquid crystal display using a liquid
crystal cell as a display device of a pixel has a large
number of pixels arranged in a matrix manner, and
controls light intensity in each pixel according to
information of an image to be displayed, to thereby
effect driving for image display. The same display
driving is effected by an organic EL display using an

organic EL device as a display device of a pixel and the

: Ay
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emtting device is controlled by the value of a current flowi ng therein)
that is, the organic EL device is of a current-controlled type. As with the
liquid crystal display, the organic EL display can use a passive matriXx

met hod and an active matrix nethod as its driving nmethod. However, the
former has a sinple construction but has problens such as difficulty in
realizing a |arge high-definition display. Thus) the active matrix nethod
has recently been actively devel oped which controls a current flow ng
through a light emtting device within a pixel by neans of an active device
al so di sposed within the pixel, for exanple an insulated gate field-effect
transi storlfkgpically a thin filmtransistor (TFT)). 2 Fig. 1 shows a
conventional exanple of a pixel- circuit (circuit of a unit pixel) in an
active matrix typeinc@arhé &kgshspl By {Fop1apresdetabl edidescseption, see
U S. Patent 5,684,365 and Japanese Patent Laid-Open No. Hei 8-234683). As
is clear figmihbds lypkh@iBbialy akhiadi b ag QEdbEQtEQngh%eD&%%eﬁE
conventional exanple includes: an organic EL device 10l having an anode
(anode) co C a Ll o] up . T i a drain
connect ed Fggahgg %gﬁedggg%ﬁoég)Qop@%ﬁg'o?é§n¥gggfage§?cé9%8?agn gg source
connect ed d rei,naftter d . | S -t d"); paci t or
103 connect SEBERaHE, =4 T e A bR "FRRThA3T (RToF UREBUE ho RE TR 00,

havi drai f the TET 102 d
A dats i nECioB, BANALA0 5 a2pAnAORe SHOE o ASRLRRR) AGCFRnBSLOG PSP RRe t he

organic EL device has a.rectifying.property in many cases, the prganic EL
devi ce may"bERr EREr edUi8 SEYEHE0L BP PLRgani MO TT U T Enthe | R FREUCHY
Therefore, .in Fi 1 and ot her figures, a diode,is_used to

9., asymm of 1 S_US¢
denot e t heQEBRERY| ALERBTFOPFSRENY HESEr FPEI OATUABWETER L AAEPLRYI ng

property is not ) ) o
or the 1like, which uses liquid crystal cells of a

voltage-controlled type, in that brightness of each light
emitting device is controlled by the value of a current
flowing therein, that is, the organic EL device is of a
current-controlled type.

As with the liquid crystal display, the organic EL
display can use a passive matrix method and an active
matrix method as its driving method. However, the former
has a simple construction but has problems such as
difficulty in realizing a large high-definition display.
Thus, the active matrix method has recently been actively
developed which controls a current flowing through a
light emitting device within a pixel by means of an
active device also disposed within the pixel, for example
an insulated gate field-effect transistor (typically a

thin film transistor (TFT)).



necessarily required of the OLED. The operation of the thus formed pixel
circuit is 3 as follows. First, when potential of the scanning |line 105
is brought to a selected state (high level in this case) and a witing
potential VW is applied to the data |line 106, the TFT 104 conducts, the
capacitor 103 is charged or discharged, and thus a gate potential of the
TFT 102 becones the witing potential Vw. Next, when the potential of the
scanning line 105 is brought to a non selected state (low level in this
case), the TFT 102 is electrically disconnected fromthe scanning |ine 105,
while the gate potential of the TFT 102 is stably retained by the capacitor
103. A current flowngno t&Eewgha t dendédt 16a Bnékdmel OLED d40diassunes a val ue
corresponding to a gate-to-source voltage Vgs of the TFT 102, and the OLED

101 contindegcgitt {bAgchighbrak an@E'BQk@Q§S ﬁoaﬁeae@mdbnaat91khe val ue of
the current. The operation of selecting the scanning |ine 105 and

transm L1 pgalOokheniBobicastpl e RXE! nBELObLDESPLHANBLBUPBLIEY 1O (e

data |ine erel na e re erre to as éscri bed

above, aftgl tbeag' éskfguaggﬁggwm LfandsOPEE ig'ﬁgaép behhe

pot enti al con |nu emtiing a fixed

bri ght ness unt|I bégng. An active natrlx type di spl ay appar at us
(organic H°4 @% n be formed by arranging a Iarge nunber of such
pi xel circuits (mhlch may herei nafter be descrlbed SI as pixels) 111 in
a matrix manner a”sgs’rﬁ)vﬁg‘?ahr FPm Fignd r dgeatt it G ‘Ht{)“froma vol t age
driving type data line driving circuit (voltage driver) 114 through dat a
lines 115-3c¢98rdiBIntanihe BEPEERFngOBKERAEAGAT | BEIMRYS- inggudes:n

sequentially by a scanning line driving circuit
an organic EL device 101 having an anode (anode)

connected to a positive power supply Vvdd; a TFT 102
having a drain connected to a cathode (cathode) of the
organic EL device 101 and a source connected to a ground
(hereinafter described as “grounded”); a capacitor 103
connected between a gate of the TFT 102 and the ground;
and a TFT 104 having a drain connected to the gate of the
TFT 102, a source connected to a data line 106, and a
gate connected to a scanning line 105.

Since the organic EL device has a rectifying
property in many cases, the organic EL device may be
referred to as an OLED (Organic Light Emitting Diode).
Therefore, in Fig. 1 and other figures, a symbol of a
diode is used to denote the OLED. In the following
description, however, a rectifying property 1is not
necessarily required of the OLED.

The operation of the thus formed pixel circuit is



113. A pixel arrangenent of mcolums and n rows is shown in this case. O
course, in this case) the nunber of data lines is mand the nunber of
scanning lines is n. Each light emtting device in a passive matrix type

di spl ay apparatus emts light only at an instant when the light emtting
device is selected, whereas a light emtting device in an active matrix
type di splay apparatus continues emtting |light even after conpletion of
writing. Thus, the active matrix type display apparatus i s advantageous
especially for use as a large high-definition display in that the active
matri x type display apparatus can decrease peak brightness and peak current

of the |ight emntbiaY dﬁ¥}§€L&ﬂuﬁ?@%ﬁéﬁkﬂﬂirbfh@h@a§ééﬂﬁiﬂ?tii%etype .
di splay apparatus. In an active matrix type organic EL display, a TFT (thin

filmfield fect | . Sub ‘ |1 d
(11 1 el 91861 261 phEARRESLaT) LO1FPEAnRa0kash, SHDTRERAS 5 chager al 1y, use
and polysilico

eg usgd torggnﬂ1thg TET. h sVinEerior cr s%glkhniég and
inferior coitfolfa iFiVy P HROEGRELE inﬁ hecARRF &Mt §Osi SI -E?ystal
silicon, and thg@ t he, f or ned ggT hag great variations in ghanacteristics.
When a polgéPFi R TERS| SFF ot RRdCBRIUCTRI atPGef§PRGE§R gl Ads 8ubstrate, in
particular, the polysilicon TFT is generally crystallized by a | aser
anneal i ng FRERSEIaPEefiFohAREren dPdahhufo? pBdk® BPEPREA2EI PR) tPR order to
avoi d probl ens such as thermal deformation of the glass substrate. However,
it is diffTEGIL0RoPpFPRAPathet MElrbRgePgtansialib¥vr ateXh « HWhen fdien | aser
energy, and thus the crystallized state of the polysilicon is inevitably
vari ed depeptitngiah afl tkatsoannindi hindel 8bibssrhreugAs torasabh; it is not
rare that the threshold value Vth of even TFTs forned on the sane substrate
is varied feberpedebtavepikev bgvel fbw tuhslregsel, bhelTK¥TotO0Rpie in sone
cases. In that case, even when the sane potential VWwis witten to
different pliaetsjcébiyedaspbenetbedt ir@shohel scanning line 105,

while the gate potential of the TFT 102 is stably

retained by the capacitor 103.

A current flowing through the TFT 102 and the OLED

101 assumes a value corresponding to a gate-to-source

voltage Vgs of the TFT 102, and the OLED 101 continues

emitting light at a brightness corresponding to the value

of the current. The operation of selecting the scanning

line 105 and transmitting to the inside of the pixel

brightness data supplied to the data line 106 will

hereinafter be referred to as “writing.” As described

above, after the pixel circuit shown in Fig. 1, once

writing of the potential Vw is done, the OLED 101

continues emitting light at a fixed brightness until next

writing.

An active matrix type display apparatus (organic EL



value Vth of the TFTs varies frompixel to pixel. This results in great
variation frompixel to pixel in the current Ids flow ng through the OLED
(organi c EL device), and hence conplete deviation of the current Ids froma
6 desired value. Therefore high picture quality cannot be expected of the
di splay. This is true for not only variation in the threshold value Vth but
al so variation in carrier nobility ~ and the like. In order to renedy such
a problem the present inventor has proposed a current witing type pixel
circuit showmn in Fig. 3 as an exanple (see International Publication Nunber
W)1/06484). As is clear fromFig. 3, the current witing type pixel circuit

i ncludes: ansphkl)12inhdei Forakdangde r¢andaeied 1@y etindese gower supply
Vdd; an N-channel TFT 122 having a drain connected to a cathode of the OLED

121 and a $QWhCH:igeRURYSHuiRsCRRAGIHOMal2R GRNRRGRI BRI WReR et e of the
TFT 122 and the ground; a P-channel TFT 124 having a drain connected to a

data line ngd.a o] cted_t anni i.ne X .channe
TFT 125 haé?ﬁalg gfa %Q%gﬁﬁegggdagoaa%ggﬁﬁge%%P%%ﬁLa%Ff¥%§T;qghglghsource
gr ounded; gnd a P}%hgg gh TFTi$%6 havi ng avgrignep%gnectedtto t etdrain of
the TFT 125; 3°8ohFREEaRAEFAE Y tRMgEt EO0F 3¢ e HFRT 1152 FYRSd 98 Fat e
connected to the scanning line 127, The thys formed pixel circuit is
crucial ly FFFegéﬁylF?oﬁgfﬁﬁlﬁi 8P15FFEUEF1§ﬁ5 1#% ﬁ%&?“ %iﬁaFﬁe fol | owi ng

respect: in,the case of the pixel circuit shown 7 in Fi.g. 1, brightness
data is suppPP&dlts-thEopitker™ Hhihe FELRLEANFoPCAGRiINGhAIESS ild2rHe case
of the pixel circuit showmn in Fig. 3, brightness data is supplied to the
pi xel in the Fé?nﬁoﬁe@uﬁﬁéﬁﬁilgiggt? fRaANBPPgRines Srdydad §ireupé written
the 113. A pixel arrangement of m columns and n rows is shown
in this case. Of course, in this case, the number of data
lines is m and the number of scanning lines is n.
Each light emitting device in a passive matrix type
display apparatus emits light only at an instant when the
light emitting device is selected, whereas a light
emitting device in an active matrix type display
apparatus continues emitting light even after completion
of writing. Thus, the active matrix type display
apparatus is advantageous especially for use as a large
high-definition display in that the active matrix type
display apparatus can decrease peak brightness and peak
current of the light emitting device as compared with the
passive matrix type display apparatus.
In an active matrix type organic EL display, a TFT

(thin film field-effect transistor) formed on a glass

substrate is generally used as an active device. It is



scanning line 127 is brought to a selected state (low level in this case),
and a current |w corresponding to the brightness data is passed through the
data line 128. The current Iw flows through the TFT 124 to the TFT 125. In
this case, let Vgs be a gate-to-source voltage occurring in the TFT 125.
Because of a short circuit between the gate and drain of the TFT 125, the
TFT 125 operates in a saturation region. Thus, according to a well-known
equation of a MOS transistor, the follow ng holds: Iw = ~l Coxl W/L1/2(Vgs -
Vthl)z ...(1) In the equation (1), Vthl is the threshold value of the TFT
125; ~1 is carrier nmobility; Coxl is gate capacitance per unit area; W is

channel wigéhi pRgwh]l hewehapnetnhenghbrphbas, sketitbAgahdrv be a current
flow ng through the OLED 121, the current value of the current Idrv is

control | ed,pyy§ Pe; 6] d42aceanestRdehd 881 BasWihReth8,OLED 121. In the
pi xel circuit”showm in Fig. 3, a gate 8 to-source voltage of the TFT 122

Coi nci des uit b L VP Y5y | 00k Nen OUADEODOh Hhe1 00 HERGEaSRUT NG Lhat the

TFT 122 opérates ' 1n a uration region, rv = 2/ 2 (Vgs -
Vth2)2 .. . nci dent al | a_.condition for, operatiion of _a ransi st or
s sat ursehEhe g oRCH R Lamr s TS hha e r s b pER B e 80n” e TRab L™ 05
The neaningg o; the_paraneters in the equation.%Zé and the,eguation (3) are
the same aSP§nfeHRERqTET i BAS (95925 KRELRRECHETIR28PARACEREITETCE22 are
formed adjacent tQ each other, within a small pixel, it may be considered
that actually , cHfen a,Polysdlicam AT 4y Arrmed an rF‘Z.reI%Retrﬁvetll'Ye fol | owi ng
is readily derived fromthe equation (1) and the equation.§2): ldrv/Ilw =
(We/ W) / %%29%1$1?S$ su?qyrate, in particular, the polysilicon TFT

is generally crystallized by a laser annealing method
after formation of an amorphous silicon film, in order to
avoid problems such as thermal deformation of the glass
substrate. However, it is difficult to irradiate the
large glass substrate with uniform laser energy, and thus
the crystallized state of the polysilicon is inevitably
varied depending on a location within the substrate. As a
result, it is not rare that the threshold value Vth of
even TFTs formed on the same substrate is varied from
pixel to pixel by a few hundred mV, or 1 V or more in
some cases.

In that case, even when the same potential Vw is
written to different pixels, for example, the threshold
value Vth of the TFTs varies from pixel to pixel. This
results in great variation from pixel to pixel in the
current Ids flowing through the OLED {organic EL device),

and hence complete deviation of the current Ids from a



Specifically, even when the values thenselves of the carrier nmobility ,u,
the gate capacitance Cox per unit area, and the threshold value Vth vary
wi thin a panel surface or from panel to panel, the current Idrv flow ng
through the OLED 121 is in exact proportion to the witing current Iw, and
consequently light emtting brightness of the OLED 121 can be controll ed
accurately. In particular, when a design is made such that W - WL 9 and
L2 - L1, for exanple, Idrv/lw = 1) that is, the witing current Iw and the
current Idrv flow ng through the OLED 121 are of the same val ue
irrespective of variations in the TFT characteristics. Fig. 4 is a circuit

di agr am shguk 1ge @NCANEE . CiTHdhtd £ SXANPl $h O i @t GHE F @RA1 VY L EDENS Y PSe Pi XeEl
circuit. The pixel circuit according to the present circuit exanple is in

opposi te rekALLpDql fet EREBAREpTaY! ANML 8L Of s COAMICEL PIudY P channel / P

channel) fromthe pixel circuit according to the circuit exanple shown in

w th P copeers £E 4n; P EAREIARA W ITuR TR Ru 3168 TaniBhE "I F G

3 are replaced with N channel TFTs 134 and 136. The direction of current
flow and the FRkBLIeF emAPLLIEYf ferBft tNBoe¥ &, operating principles are
exactly the sane._  An active matrix type organic. EL displa qg aratus can be
forned by arrangiiy ‘i%%b‘iﬂ/éﬂ%’fi%‘&ﬂ?’éﬁl%ﬂ’i t'f}'hg Q%T)% 'E‘f xel circuits

as shown in Fig. 3 and Fig. 4 in a matrix manner. Fig. 5 ,shows an exanple
of confi guiRYERRCHIRARePBEPPFRA Nt FRXT €Y peWbi §aRFctEPCdPSFFAy apparatus. In
Fig. 5 scanning lines 142-1 to 142-n are arranged one for each of rows of
current wéiregltyplown inpFigl 2iaeupRseranprier fesporatagrrhinbaber with m

col ums
Publication Number WO01/06484) .

As is clear from Fig. 3, the current writing type
pixel circuit includes: an OLED 121 having an anode
connected to a positive power supply Vdd; an N-channel
TFT 122 having a drain connected to a cathode of the OLED
121 and a source grounded; a capacitor 123 connected
between a gate of the TFT 122 and the ground; a P-channel
TFT 124 having a drain connected to a data line 128, and
a gate connected to a scanning line 127; an N-channel TFT
125 having a drain connected to a source of the TFT 124,
and a source grounded; and a P-channel TFT 126 having a
drain connected to the drain of the TFT 125, a source
connected to the gate of the TFT 122, and a gate
connected to the scanning line 127.

The thus formed pixel circuit is crucially
different from the pixel circuit shown in Fig. 1 in the

following respect: in the case of the pixel circuit shown



X n rows and disposed in a manner of the matrix. The gate of the TFT 124 in
Fig. 3 (or the gate of the TFT 134 in Fig. 4) and the gate of the TFT 126
in Fig. 3 (or the gate of the TFT 136 in Fig. 1) are connected in each
pi xel to the scanning line 142-1 to 142-n. The scanning lines 142-1 to
142-n are sequentially driven by a scanning line driving circuit 143. Data
lines 144-1 to 144-m are arranged one for each of the colums of the pixel
circuits 141. One end of each of the data lines 144-1 to 144-mis connected
to an output termnal for each colum of a current driving type data |line
driving circuit (current driver CS) 145. The data line driving circuit 145
wites brighfnegs datatigmadsdiadhe P xglgpiieouah the gatan |{pes 144-1
to 144-m Wen such a circuit to which brightness data is supplied in the
formof a qyd et Va6t i S S rent ygidi Sypg, pi fgircuit as
shown in Fig. ?}’cfrm %Jl g. Oiqgggteu’secp as a pll xelf Ci rc%?t, pomer&i?%ensurrpti on in
writing the .br t ness data f.ends, tq be .increased. The reason is_as

ulq LR Al Et]t%/p% ci)rJIght:ness c?a a | SUES gl_e(i %?‘Id t he

i
CclrcC [ 1S .S
foll ows: the voltagée Witing € ‘piXer=circult shown ih

active matrix type displ aratus using the voltage witing type pixel
circuit do Tt FEdFdund dﬁ%ezftodpré'hr?g;rﬁ“’ilﬁe iving a data 11 line, whereas
the current witing tgpe ﬁi xel circuit and the active matrix type display
appar at us usi ng t RéTE8r r BREPWPFEPRGPEFSe dfitRe ScitPe Bitt WEdrdERe diPeect
current in driving a data |line. For exanple, when it is assuned that, as
real i stic maf@nieg Waeudsd)y dspamahtvdiue ofelfqtech$ @he ertoer data
line is 100 ~ A, a supply voltage is 15 V, and, supposing a full-color XGA
(ext ended dreyshi do &bhigy caggiel anthea mimranofIvagter dspendiqng 024 X 3 ( RGB)
- 3072, power consunption required for witing is as high as 100 ~ A X 3072
X 15 V = 4. the\brighlteessr dadpedis ing s gdve fdowerglcorsumsttiaon iinee |1@6r because
the witing current does not flow during a vertical blanking period, but
does The current Iw flows through the TFT 124 to the TFT 125.
In this case, let Vgs be a gate-to-source voltage
occurring in the TFT 125. Because of a short circuit
between the gate and drain of the TFT 125, the TFT 125
operates in a saturation region.
Thus, according to a well-known equation of a MOS
transistor, the following holds:
Iw = M1Cox1W1/L1/2(Vgs - Vthl)? ... (1)
In the equation (1), Vthl is the threshold value of the
TFT 125; #41 is carrier mobility; Coxl is gate capacitance
per unit area; W1l is channel width; and L1 is channel
length.
Then, letting Idrv be a current flowing through the
OLED 121, the current value of the current Idrv is

controlled by the TFT 122 connected in series with the

OLED 121. 1In the pixel circuit shown in Fig. 3, a gate-



not differ greatly. For |ower power consunption, it suffices to sinply

| ower the value of the witing current; in that case, however, a probl em of
an increase in required witing tine arises. Specifically, in the current
writing method, the output inpedance of the current driving circuit serving
as a current source is substantially infinite, and therefore the inpedance
of the circuit is determned by a transistor within the pixel circuit vr,
nore specifically, the TFT 125 in the exanple of the pixel circuit in Fig.
3. 12 More specifically, when both sides of the foregoing equation (1) of
the MOS transistor are differentiated with respect to the gate-to-source
vol tage Vggo-bbRice 7ol@@ged MidHel (MaS 12 Mdbinoiddd)w MieTndRiige i s
differential resistance of the TFT 125 as viewed fromthe data |ine 128.
From the equatihn dqba 3R 119 eG4 iihde) raddifn iy MO AdS Wbt aied: Rpi x
= 1/~(2,c. ~1CoxIWL/ LI ~Iw) . .. (6) As is clear fromthe equation (6), the
differenti resi stanc i 1.S.:n inverse proportion to the square root of
t he wwitingbgﬁgig%tqﬁw% g%tﬁﬁ%ﬁﬁfﬂéfnﬁgﬁ%? a large parasitic capacitance
Cdata is generall¥ gresent i n the]gg}a |ine 128. Thus, a.tinme constant 't
of the witing cit@art  afAffFd e Hare Y ¥ubstrad®al Iy z - cdata X
Rpoix ...(7) In the current_writin thod, in order to stabhilize the
potential of the aﬁFédFPﬁﬁlﬁﬁ'aa388§§§t%93té?raOEGFFF&PEnPFyaIHﬂﬁ witing
time as conpared with the tinme constant z is desirable. As is clear from
the equati $R2PEESERE tiRe 2o FRIULET ICH YIRS dare iy &&eetark® z becones
| onger as the witing current is decreased, and since in witing bl ack

data, in p&eticular, Iw- 0., in theory, the witing is not conpleted
within a finite tinme. In practice, since errors are tolerable to 13
jvds| > |vgs - Vt| .o (3)

The meanings of the parameters in the equation (2) and
the equation (3) are the same as in the equation (1).
Since the TFT 125 and the TFT 122 are formed adjacent to
each other within a small pixel, it may be considered
that actually 41 = (2, Coxl = Cox2, and Vthl = Vth2.
Then, the following is readily derived from the equation
(1) and the equation (2):

Idrv/Iw = (W2/W1l)/(L2/L1) cea(4)

Specifically, even when the values themselves of
the carrier mobility U4, the gate capacitance Cox per unit
area, and the threshold value Vth vary within a panel
surface or from panel to panel, the current Idrv flowing
through the OLED 121 is in exact proportion to the
writing current Iw, and consequently light emitting
brightness of the OLED 121 can be controlled accurately.

In particular, when a design is made such that W2 = W1



sonme extent, for exanple, it is possible to performpractical witing
operation even within a finite witing tine. However, the witing of a
smal|l current basically requires a longer witing tine than the witing of
a large current. This presents a serious problemespecially when

| ow- bri ght ness data, which neans a | ow current value, is witten, when the
parasitic capacitance Cdata of the data |line 128 is increased as a result
of an increase in the size of the display, or in a high-definition display,
in which an allowable witing tinme (scanning period) is shortened. The
reason for its being a serious problemis that in order to conplete witing

operation whizhip a predeler mhagdirRer ifady Ahe wyi tihg (CYris enk, needs to be

increased, but this results in an increase in power consunption. SUWARY OF

THE | NVENTL,CNl The BLESERt LQvenld eRas heeh #RdS e 4ligy Qfldg above
and | t o p

probl ens, i S accordingly an objec the présent “i nventi’on to
provi de an_acti rix typ Lspl ay apparatus, an act.ive trix type
organi c ELtgFSBXEQHEBﬁaFﬁFUQ% gh& éﬁ%fiﬁéqﬁﬁtﬁ5afspﬁ€&égﬁ at reduce power
consunption required for witing brightness 14 data whil e maintaining

suffici ent VREREEAGRBerPofRENdET SHATERELERF LR8I e reduction in power
consunption when a current witing type pixel circuit is used. In order to
achi eve the abover%je%t}sa%c%%ﬁ?%gtt51%9¥?@s§h%3b%%ta@?thﬁé piEgeht
invention, there is provided an active matrix type display apparatus forned
by arrangi agapbkel ofi acabrsent Ariginox tireeneixeflheipicxdlt .ci Theaits each
havi ng an el ectrooptic device that changes brightness thereof according to
a current phimeingirheiti aAcepdddnivitpgthkepskeentogptricoideexeapde tibe basi s
of brightness data supplied as current via a data line,

in opposite relation in terms of a transistor conduction

type (N channel/P channel) from the pixel circuit
according to the circuit example shown in Fig. 3.
Specifically, the N-channel TFTs 122 and 125 in Fig. 3
are replaced with P-channel TFTs 132 and 135, and the P-
channel TFTs 124 and 126 in Fig. 3 are replaced with N-
channel TFTs 134 and 136. The direction of current flow
and the like are also different. However, operating
principles are exactly the same.

An active matrix type organic EL display apparatus
can be formed by arranging the above-described current
writing type pixel circuits as shown in Fig. 3 and Fig. 4
in a matrix manner. Fig. 5 shows an example of
configuration of the active matrix type organic EL
display apparatus.

In Fig. 5, scanning lines 142-1 to 142-n are

arranged one for each of rows of current writing type

10



wherein a witing current that tenporally increases in nmagnitude of a
current value thereof within a cycle of witing the brightness data is
supplied to each of the pixel circuits via the data line. In the thus
formed active matri x type display apparatus or an active matrix type
organi c EL di splay apparatus using an organic EL device as the el ectrooptic
devi ce, the magnitude of the current value of the witing current is
tenporally increased within the witing cycle, whereby the witing current
islimted to alowlevel (or zero) in an early stage of the witing cycle.
Thus, the average value of the witing current is reduced. 15 DETAI LED

DESCRI PTI Q) £Fy TEErEBEEERBEP ENBLDLENENESnE 9n AumBewSwati MCUbiumns

configuration of a vol tage WW|t|ng type pixel circuit according to a

conventi on9<l exa qupose a bl 0%{% d E}? oafﬂtshho% Qgrlaxn e;&%gpl e of

conflguratloﬁ of° gnaggtlve natrlxrﬁype ay appara us “usi ng the vol t age

writing ty e glxgl glrgy%tlggcord#ng tg K?g ggnv aElongl gxan Flg 3
urre C|rc

shows a ciF2LFt°%oh |gurat|on 0 fype pi'xXe Gi t
accordi ng to flrfi vention Wws a_.circu
ut?

h
confi gur at}®dnF by nfhﬁwg?gﬂge?yb pF§$|989r&§.? %ccéré?ﬁgtFS a second

conventi onal exanple; 5 is a_block diagram show an exanpl e of
conflgurat$%ﬁeo?faﬁh%ch€e1ﬁ§t+?xF%?pelbl§5Fa9°§BBSF8@uénu§PﬁB the current
witing type pixel circuit according to the conventional exanple, Fig. 6 is
a schematiRixehgtante acaominguliReohidflahoatt?ve- nekle E3/peind spl ay
apparatus according to an enbodi ment of the present invention, Fig. 7 is a
sectional kinegtlde- Hi bgrhh? shoawragsaauerbipl by ofirsvenchur e of an or gani c

EL device; Fig. 8 is a circuit diagramshowing a first 16
scanning line driving circuit 143.

Data lines 144-1 to 144-m are arranged one for each
of the columns of the pixel circuits 141. One end of each
of the data lines 144-1 to 144-m is connected to an
output terminal for each column of a current driving type
data line driving circuit (current driver CS) 145. The
data line driving circuit 145 writes brightness data to
each of the pixels through the data lines 144-1 to 144-m.

When such a circuit to which brightness data is
supplied in the form of a current value, that is, a
current writing type pixel circuit as shown in Fig. 3 or
Fig. 4 is used as a pixel circuit, power consumption in
writing the brightness data tends to be increased. The
reason is as follows: the voltage writing type pixel
circuit shown in Fig. 1 and the active matrix type
display apparatus using the voltage writing type pixel

circuit do not consume direct current in driving a data

11



concrete exanple of a data line driving circuit; Fig. 9 is a timng chart
of the first concrete exanple; Fig. 10 is a circuit diagram show ng a
second concrete exanple of the data |line driving circuit; Fig. 11 is a
circuit diagramshow ng a third concrete exanple of the data line driving
circuit; Fig. 12 is a timng chart of the third concrete exanple; Fig. 13
is acircuit diagramshow ng a fourth concrete exanple of the data |ine
driving circuit; and Fig. 14 is a timng chart of the fourth concrete
exanpl e. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred
enbodi mrents of the present invention will hereinafter be described in

detai |l with;pefe(gReRal0 e AW riithg &ype diSEEME & agfam of a
configuration of an active matrix type di sp% ay apparatus according to an

enbodi nent pr.e N ti on. iRl ' wing will be
made by taﬁg%gggglgﬁ gggtﬁﬁlﬂwgﬁga?;s\gﬁ% ed éor?arg}éingncl}%g{jg\ﬂlege is used as
an el ectrooq ach pi.xel,, and a field-effegct transisto&) for 17

§ticn e%EC%+of 3% X€el circult consume %Prect cdurre
exanpl e a 6 W?l i &R PP idPis&d s dn acti ve den"Ce “of eachurﬁxenl so t hat
t he present invention i% appl.i,ed to an active matrix type organic EL
di spl ay app8r 4Fa¥186t & f8&%y *FSrning the organic EL device on a substrate
where the polysilicon TFT is fornmed., In Fig. 6, current witing type pixel
circuits 11 correEpbnBrAPPLR. ntiRBBr 1l £A AFEBMEANSLXEN REWECAL&SAEFanged in
a matrix manner. A circuit of a circuit configuration shown in Fig. 3 or a
circuit of nameriecatt vadnLiSguralMadki Mo iue Mg wrd timgr cavrgigite PSS used as
a current witing type pixel circuit 11. Scanning |lines 12

data line is 100 4A, a supply voltage is 15 Vv, and,

supposing a full-color XGA (extended graphics array)

panel, the number of data lines is 1024 X 3 (RGB) = 3072,

power consumption required for writing is as high as 100

ua X 3072 X 15 V = 4.6 W. To be more specific, the

power consumption is lower because the writing current

does not flow during a vertical blanking period, but does

not differ greatly.

For lower power consumption, it suffices to simply

lower the value of the writing current; in that case,

however, a problem of an increase in required writing

time arises. Specifically, in the current writing method,

the output impedance of the current driving circuit

serving as a current source is substantially infinite,

and therefore the impedance of the circuit is determined

by a transistor within the pixel circuit or, more

specifically, the TFT 125 in the example of the pixel

circuit in Fig. 3.
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1 to 12-n are arranged one for each of the rows of the pixel circuits 11.
The scanning lines 12-1 to 12-n are sequentially driven by a scanning |line
driving circuit 13. Data lines 14-1 to 14-m are arranged one for each of
the colums of the pixel circuits 11. One end of each of the data lines
14-1 to 14-mis connected to an output termnal for each colum of a
current driving type data line driving circuit (hereinafter referred to as
current driver) 15. The current driver 15 is supplied with input data in
the formof voltage and a witing pulse for controlling witing current.
The current driver 15 wites brightness data to each of the pixel circuits

11 th h the d i 14s 14:4m. 1 . ;
througn the ?ﬁ%:é&%écllfhéaigxé, AgHin ﬁo%ﬁfh&één@fetﬂé g&gﬁ&&&'ﬁ& or an

organi ¢ EL devic e described I n the ow ng. FiIg. ows a

sectional g Ggﬁigﬁ?éﬁ Or@?}eghg;‘ﬂb% E{raﬂ%\iiscc r é?eieﬁég &8¢ nftzifg'pelc:ii g. 7, the

organi c EL devrce i creating a firs rode or exanpl e
anode electroﬁe 22 n@dF ogha trﬁnggg[egh condUﬁEive piln1on a substrate 21
made of a Y+Hhsh&FRAtCgF3s&™6r IRRE FPRECUFGFt K&r L8PEat' PRy an organic |ayer
27 on the first electrode 22 by depositing a hole carrying |layer 23, a
light emitting | aydPo¥ = o 16P&FldR 1dYosyind thdyer 25, and- &R el ectron
injection layer 26 in that order, and then forning a_second el ectrode (for
exanpl e cathoHe RBPi¥tidde} LH8TRAGE2T TESABLAPCENOEhEDEr §BRI & 2Papér 27. By
applying a direct current voltage E between the first electrode 22 and the
second el ecieweld Pgom| FhAt dpsaehineed2@henfeom et te@ia ken alhbl andr e
reconbi ned with each other in the light emtting |layer 24. In the thus
formed actilve emwatikonype) di theafodppuinouds phbatuedent witing type pixel
circuits 11 are fornmed using field-effect transistors (polysilicon TFTs in
this case). Ther &lfmire,= (Rhei1cokniwonyrdriver 15 is to be nounstegd on the
sane substrate as that of the pixel portion, it is desirable to formthe
current driver 1%s is clear from the egquation (6), the differential

resistance Rpix is in inverse proportion to the square

root of the writing current Iw. On the other hand, a

large parasitic capacitance Cdata is generally present in

the data line 128. Thus, a time constant T of the

writing circuit around a steady state is substantially

7 = Cdata X Rpix e (7))
In the current writing method, in order to
stabilize the potential of the data line in a steady

state, a sufficiently long writing time as compared with

the time constant 7 is desirable. As is clear from the

equation (6) and the equation (7), however, the time

constant T becomes longer as the writing current is

decreased, and since in writing black data, in particular,
Iw = 0., in theory, the writing is not completed within a

finite time. In practice, since errors are tolerable to
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al so using field-effect transistors. However, the current 19 driver 15
may al so be forned as a circuit external to the pixel portion. In this

case, the current driver 15 may al so be forned using bipolar transistors. A
few concrete exanpl es of configuration of the current driver 15 will be
described in the following. [First concrete exanple] Fig. 8 is a circuit

di agram showi ng a first concrete exanple of the current driver 15. A
circuit according to the first concrete exanple is a unit circuit
corresponding to one data line, and a set of such unit circuits
corresponding in nunber with the n colums fornms the current driver . In

Fig. 8, brightnessedataroirnpithmgated) itco ike pWsistibaR & @deRifvem i s supplied
in the formof voltage to a gate of an N-channel TFT 31) for exanple,

having a sgyaee1g5@uw§@1n5hep£§£t%nf !é%‘h' tpha GORYGNL ! k}ﬁzlfe inght ness
data voltage into a current to flow through a data line 14. In the pr esent

A i1 nEe 2 Ak e déﬁ‘q@b?f.’*g%?’gis% L ERpLfch o ShEMAEHELERY . Lhat
is inserted as,a wit n graln of th TFT 1 and one end
of the datRefpABeT4 Zéafeg yELERELTES RS chER Bndl il aRET o Al L e pul v,

As shown | a timng chart of Fig. 20 9, the witing pulse exhibits a
hi gh IeveI dhP§ EPBEﬁHtan end of a brightness data witing cycle, that is,
a scanning cycle. The witing pulse is conmonly supplled to the gates of
the TFTs 32 di sposett RECIREDRE SIS %B‘P*Eﬂﬁ’fg ek bl ¥ nghehe writing
pulse to the gate of the TFT 32, the TFT 32 is brought into_an on state
only durinke%-BRéERtPEEFoAaERoUNELEReMEARSOR LAE SHARARHgValue, is

written, when the parasitic capacitance Cdata of the data
line 128 is increased as a result of an increase in the
size of the display, or in a high-definition display, in
which an allowable writing time (scanning period) is
shortened. The reason for its being a serious problem is
that in order to complete writing operation within a
predetermined period, the writing current needs to be
increased, but this results in an increase in power

consumption.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above problems, and it is accordingly an object of the
present invention to provide an active matrix type
display apparatus, an active matrix type organic EL
display apparatus, and driving methods thereof that

reduce power consumption required for writing brightness
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cycle, during which period the brightness data is witten to the pixel. On
the ot her hand, during nost of the scanning cycle) during which the witing
pulse is at a low | evel, the brightness data is not witten and no witing
current flows through the data line 14. Thus, the TFT 32 functions as a
current limting device for limting the witing current flow ng through
the data line 14. Thus, in the circuit configuration according to the first
concrete exanple) the brightness data is witten only during the short
period around the end of the scanning cycle. It is therefore clear that
letting T1 be a period w thin one scanning cycle during which period the

writing pulst®d Syl nfiigitdigvigly Ak Qe Qe SIGRN Y dYE Sz dler | od,

di rect-current power consunption by the witing current is reduced to

substanti ally t}e b2 lnafi% az@ddl?{ 1dd& B Sshddat perform
cy

witing throughout one scanni ng e perr od TO. The Y&duction of the

wrltlngtlrref | Qwer tio Ve G problemin witing
Iovv-brlghtness é‘att‘m“(?\é?e’ gﬁ‘% er}tmii asu%ﬁf%

a, ‘as section roblens to be Solved by
t he I nvention." nce dt her:e is lim b to,the &Suc%r on of ?he witing
time, and consequiBt PYIfRe b8 Fggf.e&e F Sugfoﬁé'epE? FEEon8GrBE ORIV P be
limted. A second concrete exanple, which w be described in the

fol | owi ng, &i §lﬁrsd?wa§é’(f%ts of ﬁé’fst?ﬁ@saﬁj’aﬁ rt§t"et“rﬁlsorbrottﬂeé:rﬁ IsSecond concrete
exanple] Fig. 10 is a circuit diagram show ng a second concrete exanple of
the currenPr@Vitded B3 aftd Vée MHid Woriemd dispdRy @nrarednrs fer8¢% o ef f ect

control so as to lengthen witing tinme at the time of |ow brightness and
shorten w byi Bg reingd ngt Rixe 1t iahy Cofl 4§ g I§y imgHiies sangedi.r diet pde&edr ding to
t he second concrete exanple is also a unit circuit corresponding to one
data |ine, camgud tseteagth dwyotinghian @ letinoepdoer akyded fdraitn clhgmigers with t he
n columms fornms the current driver

brightness thereof according to a current flowing therein

and driving the electrooptic device on the basis of

brightness data supplied as current via a data line,

wherein a writing current that temporally increases in

magnitude of a current value thereof within a cycle of

writing the brightness data is supplied to each of the

pixel circuits via the data line.

In the thus formed active matrix type display

apparatus or an active matrix type organic EL display

apparatus using an organic EL device as the electrooptic

device, the magnitude of the current value of the writing

current is temporally increased within the writing cycle,

whereby the writing current is limited to a low level (or

zero) in an early stage of the writing cycle. Thus, the

average value of the writing current is reduced.
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In Fig. 10, a P-channel TFT 41 and an N-channel TFT 42 are connected in
series wth each other between a positive power supply Vvdd and a ground.

I nput data is applied in the formof voltage to a gate of the TFT 41 as 22
well as a gate of a TFT 31. A positive reset pulse is applied to a gate of
the TFT 42. A capacitor 43 is connected between the ground and a node N to
whi ch drains of the TFTs 41 and 42 are commonly connected. A voltage at the
node Nis given to a conparison input termnal in of a conparator 44. A
reference voltage Vref is applied to a reference voltage i nput termnal ref
of the conparator 44. The conparator 44 conpares the conparison i nput

vol tage of pggie i ipERIFEs@loN v diE Bl Fl e s omin@aes Vref . Only when
t he conparison input voltage is higher than the reference voltage Vref, the

conpar at or 44 out S Lah-l evel: _si gnal, ftr, p et out. The
si gnal outputted E;thg %g%ggrgtgﬁr% g?sCS&&%%PZ%t?ghagga%ebgP%gb%FT 32

serving as _a .w. ti sw t.ch., The circuit operation of the thus f.ornmed
second conct rre]%lgelne%(g%}ﬂee RIS et ecsccorchﬁlencﬁ w rastc)on&%notrmtnoa 1oper ation
of witing brightness data) a positive reset pulse is supplied to the gate
of the TFT 4% € potential of the node Nis then reset to a |ow | evel.
When an input data,voltage is applied in this reset state, the TFT 41 is
brought into a coﬁaﬁct?ngssﬁapé°F5 fRepEBT ERFyEIt RE EXPRPILOPT43. The
potential of the node Nis thereby increased gradually. 23  Then, when the
potential SPHRIUTEFE N Sfc AL THY & dadrenie SXRA (HFP \aveRPRAFE PR ent i al

of the output term nal out of the conparator 44 is changed to a high | eve

t o ther eby usringg tihife VPR aZE seritiimy dyrendiwralt iqigaviitt @edonddn®g denduct i ng

state. In this case) the higher
the conventional example;

Fig. 3 shows a circuit configuration of a current
writing type pixel circuit according to a first
conventional example;

Fig. 4 shows a circuit configuration of a current
writing type pixel circuit according to a second
conventional example;

Fig. 5 is a block diagram showing an example of
configuration of an active matrix type display apparatus
using the current writing type pixel circuit according to
the conventional example;

Fig. 6 is a schematic diagram of a configuration of
an active matrix type display apparatus according to an
embodiment of the present invention;

Fig. 7 is a sectional structure diagram showing an
example of structure of an organic EL device;

Fig. 8 is a circuit diagram showing a first
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the input data voltage, the |ower the current flow ng through the TFT 41;
therefore, it takes tinme to charge the capacitor 43 and hence it takes tine
for the potential of the node N to exceed the reference voltage Vref. Thus,
for high-brightness data, it takes tinme before the TFT 32 conducts) and
accordingly the witing tinme is shortened. Atotal witing tinme can be
adj usted by the voltage value of the reference voltage Vref. Thus, with the
circuit configuration according to the second concrete exanple, it is
possible to ensure a long witing tine at the time of |ow brightness and
al so reduce the witing tinme at the tinme of high brightness. It is
consequent Exne%%ufbgﬁarnsl@ee@cs BRYEr 16ARSHARLERR EegUhaed to write
bri ghtness data. [Third concrete exanple] Fig. 11 is a circuit diagram
showing a third c reg e, ex . e current drj jrcuit
according to the ﬁ#r c%%céragyieﬁle%rr%?aer?séglgoe aﬂu]ynlg{ %‘??%%fé
corresponding to one data |line, and a set of such 24 unit circuits
correspondﬁﬁgmpﬁehunber with the n colums forms the current driver . As is
clear fromFig. 11, the cjrcuit, according to the third concrete exanple is
provided with a st ooth 5§ ghaf ket A3 rAYInA § Fef¥MHdrating a
signal that tenporally increases gradually within a brightness data witing
cycl e, forceranpre 8x3mpiBoPh shgndptesééng €rivhpIcREFEUSE:Fig. 12). The
sawm oot h signal generated by the sawm ooth signal generating circuit 51 is
supplied as a wikiqg Vblisge dirergatd afran TRPWGNO S e vilnigrdhs a writing
switch (analog switch). The circuit operation of the thus fornmed third
concrete exanpretwi Ekampke bE thecdabadlimehdriéVenencercwithe tining chart
of Fig. 12. Around the tine of a start of witing, the TFT 32 has a | ow
gate potential, afidyt el eforae wanimg idmoweE fitew Wi gy esdinagtrent .
Specifically, even when an i nput

example;

Fig. 13 is a circuit diagram showing a fourth
concrete example of the data line driving circuit; and
Fig. 14 is a timing chart of the fourth concrete

example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
hereinafter be described in detail with reference to the
drawings.

Fig. 6 is a schematic diagram of a configuration of
an active matrix type display apparatus according to an
embodiment of the present invention. Description in the
following will be made by taking as an example a case
where an organic EL device is used as an electrooptic

device of each pixel, and a field-effect transistor, for
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voltage of a TFT 31 is high (at the time of high brightness data), the TFT
32 has a high inpedance and thus causes a great voltage drop. Thus, a drain
potential of the TFT 31 is |owered, so that the TFT 31 cannot operate in a
saturation region and allows only a low driving current to flow That is, a
witing current lwis limted by the TFT 32. 25 Wen the input data
voltage of the TFT 31 is low (at the tinme of |owbrightness data), on the
ot her hand, a |ow current flows through the TFT 31 and the TFT 32, and
therefore the TFT 32 causes a snall voltage drop. As a result, the TFT 31
has a | ow gate voltage and a rel atively high drain voltage, so that the TFT
31 easil yeapapdees prlysddtgoat T6R degused es epersateveadexyice of
constant-current source. In this case, the TFT 32 inposes no limtation on
witing opakat pirelasd thatetaee pirleeewti tinvgnapenatiisoapips iedr tor aad
properly. Around the tinme of an end of the witing, the TFT 32 has a high
gat e potenkitaveandtReRCeydel OWgafRedancal spalhapphha twsi bbRaiaearati on
even for high-brightness data is perfornmed properly. Consequently, the

circuit agGOrdirRgnbo thie oirlghahd CeRCc e ceXamPhe subseiheet whergt hgas the
witing time for |owbrightness data and shortens the witing time for

hi gh- br'gBE@§§§1Q%Bﬁ T?% 1S EQ§§£QOSS|bIe to lower current consunption

involved in witing while realizing proper witing operation. A'so, in

addi tion to the f&”ﬁ?ffECtéu??eﬁP 19§n§2 %;gér;gi‘{(%laﬁ% 1pg {p the

second concrete exa the CIFCUI acco concrete

exanpl e elim nates the need for the conparator 44 and its peripheral
circuit r&§EFESROPGIRE ﬁPo?uEBEr Hlfg Fﬁ uEPFCU|f1d¥EH?df to the second

concrete exangle f Qr each data |ine 14 The CIrCUIE accordlng to the third
arranged in matrix manner. A clrcult o circul

configuration shown in Fig. 3 or a circuit of a circuit
configuration shown in Fig. 4, for example, is used as a
current writing type pixel circuit 11. Scanning lines 12-
1 to 12-n are arranged one for each of the rows of the
pixel circuits 11. The scanning lines 12-1 to 12-n are
sequentially driven by a scanning line driving circuit 13.
Data lines 14-1 to 1l4-m are arranged one for each
of the columns of the pixel circuits 11. One end of each
of the data lines 14-1 to 14-m is connected to an output
terminal for each column of a current driving type data
line driving circuit (hereinafter referred to as current
driver) 15. The current driver 15 is supplied with input
data in the form of voltage and a writing pulse for
controlling writing current. The current driver 15 writes
brightness data to each of the pixel circuits 11 through

the data lines 14-1 to 14-m.
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concrete exanpl e therefore has an advantage of correspondingly sinplifying
the configuration of the circuit. It is to be noted that while the third
concrete exanple is configured to linearly change the gate potential of the
TFT 32 serving as the witing switch, when it is difficult to effect such
continuous control accurately, the third concrete exanple nmay be confi gured
to effect stepwise control. It is essential that the third concrete exanple
be configured to tenporally increase the gate potential of the TFT 32
gradually within a brightness data witing cycle. [Fourth concrete exanpl e]
Fig. 13 is a circuit diagramshow ng a fourth concrete exanple of the

current driver 15 Aéﬁgﬁég%togpgggﬁgggrgo Ehgnf8%éggigoggrggfi§€anple i's

X X A .
also a unit circul't corr ondi n oné data li and a se such unit
circuits correspondi ng _li. unber_.wi th_the.n col yms for t he current
Griver © SRALE PRLAE EriBed TR nY BB A Coh e s RHBHEIE has o
plurality of TFETs having different current, driving.capabilities from each
other, or SCFEFOR2A RATEAEUSE ©fa FoRTEGHENELIAVILTG -caplbt Fi TYe¥hd a TFT
32B having a high current driving capability in this case, connected in
paral | el wttRme éﬁ-oﬂhthﬁsoégﬂpﬂﬁiﬁ@ SRvViels. 1A 6@§W@ﬁv@yp6ﬁéﬁtéﬂﬁply
voltage Vdd is applied to a gate of the TFT 32A. A witing pul se exhibiting
a high | evel fomby aleaghdodn dhgdrofexamptliengnodee edfecirodennikAgmegel e is
applied to a gate of the TFT 32B. The current driving capability can be
det er m nedofy asétrensgackhatnebndudthi vend idmapnek lsabhgtiragk Rhemedansi stor.
As an exanple of relation in the level of current driving capability
bet ween a ®ETa3trahheaTEmt3gAasandrt hkeTETk82Bfutrhbecurrentidygi anng
capability of the TFT 32B is set equal to or higher than that of the TFT
31, and therganientagervlkngoaapaki Ifitrg toklkbherbBE 32AbySdeebsiting

a hole carrying layer 23, a light emitting layer 24, an
electron carrying layer 25, and an electron injection
layer 26 in that order, and then forming a second
electrode (for example cathode electrode) 28 made of a
metal on the organic layer 27. By applying a direct-
current voltage E between the first electrode 22 and the
second electrode 28, 1light is emitted when an electron
and a hole are recombined with each other in the 1light
emitting layer 24.

In the thus formed active matrix type display
apparatus, the current writing type pixel circuits 11 are
formed using field-effect transistors (polysilicon TFTs
in this case). Therefore, when the current driver 15 is
to be mounted on the same substrate as that of the pixel

portion, it is desirable to form the current driver 15

also using field-effect transistors. However, the current
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| ower than that of the TFT 32B. The circuit operation of the thus forned
fourth concrete exanple will next be described with reference to a timng
chart of Fig. 14. Since the gate of the TFT 32A having a | ow current
driving capability is biased by the power supply voltage Vvdd) the TFT 32A
is in a conducting state at all tinmes. By applying a witing pulse to the
gate of the TFT 32B having a high current driving capability, the TFT 32B
is brought into a conducting state only around an end of a 28 witing
time. The TFT 32A limts a witing current Iw while the TFT 32B i s not
conducti ng, whereby power consunption is reduced, and at the sane tine, |ow

bri ght ness gdak@ o 1Wnfaly 80 HeS frimed d¥ eP&filnedit Qudle i Hol theA
Consequently, the circuit according to the fourth concrete exanple in

effect |enghnens he wn ting thies Eakel, O‘té’h_Qr EQ?EBEESdﬁi‘E?ra'ﬂg 1%@9”9”5 the

witing time for high-brightness data. It is thus possible to [ ower current

consunptioglg%v%%v?%gkgv#ﬁq%gﬁggHﬁggf%éfyygﬂgigqoggqper writing operation.

It is to be note he ur concrete exanpl e has been descri bed

by taking as an eéaggle a casg wher e #mo T%st gn thetTFT BEA Having a | ow
current driving caphbll FPY ARGt REATRTE32B nE0P AT  AF 4R  cBF r EAF drivi ng
capability) are connected.in rallel,  with each other as _a witing switch
for two-stEPTEERTr GF 3% He Wﬁﬁﬁiﬁ& AFSCEIR W T THE S SQAERYASTcr et e exanpl e

isnot [imted to the two steps;. three or nore transistors having different
current dril¥iik§tcSPRETSHS &FafR}ede connected in parallel with each other
for still finer stepwi se control of the current. |In addition, the current
driving capabilitF&g-of tRe2pFuFarityddparpBnshevdnrg @ohhteted in paral | el

wi th each other do not necessarily 29
concrete example of the current driver 15. A circuit

according to the first concrete example is a unit circuit
corresponding to one data line, and a set of such unit
circuits corresponding in number with the n columns forms
the current driver

In Fig. 8, brightness data (input data) to be
written to a pixel is supplied in the form of voltage to
a gate of an N-channel TFT 31, for example, having a
source grounded. The TFT 31 functions to convert the
brightness data voltage into a current to flow through a
data line 14. 1In the present example, high brightness
data voltage corresponds to great current, that is,
writing current for high brightness.

An N-channel TFT 32, for example, is inserted as a
writing switch between a drain of the TFT 31 and one end
of the data line 14. A gate of the TFT 32 is supplied

with a writing pulse. As shown in a timing chart of Fig.
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need to be of different values fromeach other; depending on a range of a
current region to be controlled, a conbination of transistors including
transi stors having current driving capabilities at the sane | evel may be
used. The foregoi ng enbodi ments have been described by taking as an exanpl e
a case where an organic EL device is used as a display device of a pixel,
and a polysilicon thin filmtransistor is used as an active device of the
pi xel so that the present invention is applied to an active nmatrix type
organi ¢ EL di splay apparatus obtained by form ng the organic EL device on a
substrate where the polysilicon thin filmtransistor is fornmed. However,

the Presenb,iEM@n&EQEihé BAt skl BkheRite LhhIgnt hevBAesanN, LPY¥EREI QR IS
applicable to active mafrix type display apparatus in geheral use, as a

di spl ay deyjge_.of _a, pi o n{ -.¢QRLLO t | ect ropti c device
thaf vgrieéhgr?gh?ngggégggggaigéigokggggbﬁe%%ggﬁéaﬁﬁaﬁtnge?nP As descri bed
above, the gresent inventiop limts.the itin current to a ow. | evel (or
zero) in af %EPFQQSféﬁgeof ?waT?&P%y%¥%fea ??ﬂﬂ%ﬁnyr%ﬁﬁﬁ:%Fthjaverage
val ue of the witing gurrent. It _is_therefqre go?sible go | ower power

consunpt i ohfeVARFESt RE P& FF8d38nBdaPRERESOBF AL HREBEAE 5B€ invention

have been described using the specific terns, such description is for
il lustrati 9@1pORPoses only, and it is to be understood that changes and
variations may be nmade w thout departing fromthe spirit or scope of the
fol l owi ng cl ai ns.BB12PPMHAYY | ey MERG Pulise AP dehe @2 tmtad xthgpe di spl ay
appar at us conpri si ng:

TFT 32, the TFT 32 is brought into an on state only

during a short periocd around the end of the scanning

cycle, during which period the brightness data is written

to the pixel. On the other hand, during most of the

scanning cycle, during which the writing pulse is at a

low level, the brightness data is not written and no

writing current flows through the data line 14. Thus, the

TFT 32 functions as a current limiting device for

limiting the writing current flowing through the data

line 14.

Thus, in the circuit configuration according to the

first concrete example, the brightness data is written

only during the short period around the end of the

scanning cycle. It is therefore clear that letting T1 be

a period within one scanning cycle during which period

the writing pulse is at a high level, and T0 be one

scanning cycle period, direct-current power consumption

by the writing current is reduced to substantially T1/TO,
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a pixel unit formed by arranging pixel circuits in a matrix manner, said

pi xel circuits each having an el ectrooptic device that changes brightness

t hereof according to a current flowing therein and driving said

el ectrooptic device on the basis of brightness data supplied as current via
a data line; and a current driving circuit for supplying each of said pixel
circuits via said data line with a witing current that tenporally

i ncreases in magnitude of a current value thereof within a cycle of witing
said brightness data. 2. An active matrix type display apparatus as cl ai ned
inclaiml, wherein: said current type pixel driving circuit limts the

witing CUlicilgsifet I | RRled ) b PALlh Pl A0 e (LT i 3G 34 €, and

begins to pass™said witing current at an I'nternedi ate point wthin said

witing cycle. 3. An active t.rix type displ paratus as clainmed in
claim 2, \/\Acwtélrré)luﬁzhoélg g’nceursrceagr?‘ﬁnfpec%ﬁxeeIpe(f?llo\a/qyr'lIgpci rcuit begins to pass
said witing curr

Ht indeaELg tigi ﬂ when wWitina 3% omfbrightness dat a
and in late tin nGRGhERSREEE PR ORI GHebPFQREREs S A& AOT4LOKATaBPIGE mat ri x
type di splay apparatus as clained in claim1, 2 or, 3 wherein: said current
type pixel SOPEWRGIGY SFY RIS o dFOHHeN i M RSy ilo¥ -EFHIEHESF S n
series with said data line, and tenporally increases the current value
limted by dafka . c @er e qriikied; EC ddE EEaliion i Peaibd afls ttion@ecf@llé’.ed& An
active matrix type display apparatus as clained in claimd4, wherein: said
current |ibivtithg deviesdios .f'or Hedchy &herel dseff de¢mitr anskBeor, and said
limted current value is controlled by a gate voltage of the field-effect
transi stor reduction of the writing time, and consequently the

effect of reducing power consumption will be limited. a

second concrete example, which will be described in the

following, is provided as a measure against this problem.

[Second concrete example]

Fig. 10 is a circuit diagram showing a second

concrete example of the current driver 15. The second

concrete example is configured to effect control so as to

lengthen writing time at the time of low brightness and

shorten writing time at the time of high brightness. 2

circuit according to the second concrete example is also

a unit circuit corresponding to one data line, and a set

of such unit circuits corresponding in number with the n

columns forms the current driver

In Fig. 10, a P-channel TFT 41 and an N-channel TFT
42 are connected in series with each other between a

positive power supply Vdd and a ground. Input data is

applied in the form of voltage to a gate of the TFT 41 as
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6. An active matrix type display apparatus as clainmed in claim4 or 5,
wherein: said current limting device is fornmed by a plurality of current
limting devices connected in parallel with each other, and the plurality
of current limting devices are sequentially brought into a conducting
state at a tine interval within said witing cycle. 7. An active matrix
type di splay apparatus as 33 claimed in claim6, wherein: at |east one of
said plurality of current limting devices has a current driving capability
different fromthe current driving capability of the other current limting
devices. 8. A driving nethod of an active matrix type display apparatus,

said activgeMpt pkXat YyReedoSPha¥FaPRAL at ASp bl Pvé OF 8Bk Dy, BE & angi ng pi xel
circuits in a matrix manner, said pixel circuits each having an

el ect1 00pt 6o deu o8 o Dol 281BgeR A 9t 4595 £ Meroals escojsiiqy to a current

flowing th in and driving said electrooptic device on the basis of

bri ght ness datac SURPLESA AR SHE! §OLuKEaRad2! Rokikng) (82, fl; 81T ¥ERg et hod
conpri si ng” “supplyrng 6ach ot "Sard plxeF Ci fcurts via sarda“dafa® f'Re with a

witing current t tenporal Ly increases in magnitude of a current val ue
t her eof wi P iE£8 Eg%ﬁe$6fa i€¥n§r§aF8mBPF3Htﬁ8§§68§F§: 9. An active matrix
type organi c el ectrol um nescence digﬁi§¥n§§paratus conprising; a pixel unit
formed by arrangithg’Pt5@9e @Y cthe 9 9%V RntRr2 SBRPHISA circuits

each using, as a display device, an organic el ectrolum nescence device
having a fiRBRteFBERLBASL, 1B S€cBnAOBPBEREBHeY4and® afpfrence voltage

Vref is applied to a referencg voltage input terminal ref
of the comparator 44. The comparator 44 compares the
comparison input voltage of the input terminal in with
the reference voltage Vref. Only when the comparison
input voltage is higher than the reference voltage Vref,
the comparator 44 outputs a high-level signal from an
output terminal out. The signal outputted by the
comparator 44 is supplied to a gate of a TFT 32 serving
as a writing switch.

The circuit operation of the thus formed second
concrete example will next be described. First, prior to
operation of writing brightness data, a positive reset
pulse is supplied to the gate of the TFT 42. The
potential of the node N is then reset to a low level.
When an input data voltage is applied in this reset state,
the TFT 41 is brought into a conducting state to thereby
charge the capacitor 43. The potential of the node N is

thereby increased gradually.
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organic layer including a light emtting |ayer between the first el ectrode
and the second el ectrode, and driving said organic el ectrol um nescence
device on the basis of brightness data supplied as current via a data line;
and a current witing type pixel driving circuit for supplying each of said
pi xel circuits via said data line with a witing current that tenporally

i ncreases in magnitude of a current value thereof within a cycle of witing
said brightness data. 10. An active natrix type organic el ectrol um nescence
di spl ay apparatus as clainmed in claim9, wherein: said current witing type
pi xel driving circuit limts the witing current to a low level in an early

stage of the witeRgnCyghén 8HE HSOLAEi LD QELSEhéathWNtéQGeEHEr%HE at an
i nt er nedi at e p0|nt within said writing cycle. 11. An active matrix type

or gani ¢ el eglLolyiingssence @&%@'axh%pgék%a%aaaso%'%mge@utgu&'a'”110>

characteri In that: saird curren i xel driving cirCuit begins to
pass said I early timng e |t|n Iom#b i.ght ness data
and in |at§%f|ﬁ$%1 wﬁén mmFgF G°R aﬁaﬁpfgﬁ?ﬂegs at'dc 3§° % n active
mat ri x typ gani | ec um ne enc pl a aratu as clalned in
Craimo " h8egrds FolsBeiehy §5ﬁagc T, e BEXaRBarey thG BEAGAPE has a

current Iinitln devi ce connected in series wth said data |ine, and
tenporalIySVHGFga§8§°tﬁeCEBFPéﬁﬂngaFGétﬁln1%%dt%yst%%s%urF%ﬂth}ﬂhfflng
device within said witing cycle. 13. An active matrix type organic

el ectrol unFheéséepué drspl ¥9lappar aths dsverathedcprrenki mle¥ingherein: said

current limting device is fornmed by a field effect transistor, and said
limted cuthsavngbakthe LET 41; therefore, it takes time to charge

the capacitor 43 and hence it takes time for the
potential of the node N to exceed the reference voltage
Vref. Thus, for high-brightness data, it takes time
before the TFT 32 conducts, and accordingly the writing
time is shortened. A total writing time can be adjusted
by the voltage value of the reference voltage Vref.

Thus, with the circuit configuration according to
the second concrete example, it is possible to ensure a
long writing time at the time of low brightness and also
reduce the writing time at the time of high brightness.
It is consequently possible to reduce power consumption
required to write brightness data.
[Third concrete example]

Fig. 11 is a circuit diagram showing a third
concrete example of the current driver 15. A circuit
according to the third concrete example is also a unit

circuit corresponding to one data line, and a set of such
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controlled by a gate voltage of the field-effect transistor. 14. An active
matri x type organi c el ectrol um nescence display apparatus as clained in
claim12 or 13, wherein: said current limting device is forned by a
plurality of current Iimting devices connected in parallel with each
other) and the plurality of current limting devices are sequentially
brought into a conducting state at a tinme interval within said witing
cycle. 36 15. An active matrix type organic el ectrol um nescence di spl ay
apparatus as clainmed in claim 14, wherein: at |east one of said plurality
of current limting devices has a current driving capability different from

the CurrenﬁnﬂE'HiPSuﬁ@@a@bffé¥pQﬁd§H§ QBhﬁﬁmEHErQBEh|tﬂbthnGOQﬁMhQGS 16. A
driving nethod of an active matrix type organic electrolum nescence display

appar at us, g@&g ¢ﬁ£|g§ ﬁ@ﬁglgrgygg organi c el ectrol um nescence displ ay
0

appar at us elng rme arranging pixel circuits in a matrix manner, said
pi xel circuits eaAch Si ri%a fr%mdlfs ay; eV|hcee Clarn or aanclcor ng tc{
el ect rol uni nescente ‘device aV|ng a i rs ectro secon ectrode,

and an organic Ia i ncludin ht enlttl betmeen the first

el ectrode g% the ge%%%ﬁr%F%cg¥ aﬁﬁ E??Vfﬁga ¥8£o?g§ﬁVE

el ectrol um pescence device on,the baS|s of brightness data su ied as
current V|%?%?ﬂht%???ﬁ%tl%%lﬂlﬂ??ﬁFn@lnﬁ?ﬁo@eﬁﬁﬁﬁF+%$n© S%%%%fy?h teach of
said pixel circuits via said data line with a witing current that

t enpor al | yEeRROERLEYE IRCHORFES udeadrabl¥uyt Bhin v heighereds dtdin a cycle

o witing said brightness data. 37 .Ae. A
writing cycle, for example a sawtooth signal (see a

timing chart of Fig. 12). The sawtooth signal generated
by the sawtooth signal generating circuit 51 is supplied
as a writing voltage to a gate of a TFT 32 serving as a
writing switch (analog switch).

The circuit operation of the thus formed third
concrete example will next be described with reference to
the timing chart of Fig. 12.

Around the time of a start of writing, the TFT 32
has a low gate potential, and therefore cannot allow a
flow of great current. Specifically, even when an input
voltage of a TFT 31 is high (at the time of high-
brightness data), the TFT 32 has a high impedance and
thus causes a great voltage drop. Thus, a drain potential
of the TFT 31 is lowered, so that the TFT 31 cannot
operate in a saturation region and allows only a low
driving current to flow. That is, a writing current Iw is

limited by the TFT 32.
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@1 %" _,bO~ytoje [V]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] caU] cal] cal] ca] ca] c<al] ca] ca] ca! O2d '

When the input data voltage of the TFT 31 is low
(at the time of low-brightness data), on the other hand,
a low current flows through the TFT 31 and the TFT 32,
and therefore the TFT 32 causes a small voltage drop. As
a result, the TFT 31 has a low gate voltage and a
relatively high drain voltage, so that the TFT 31 easily
operates in a saturation region, or operates as a
constant-current source. In this case, the TFT 32 imposes
no limitation on writing operation, and therefore the
writing operation is performed properly. Around the time
of an end of the writing, the TFT 32 has a high gate
potential and hence a low impedance, so that the writing
operation even for high-brightness data is performed
properly.

Consequently, the circuit according to the third
concrete example in effect lengthens the writing time for
low-brightness data and shortens the writing time for
high-brightness data. It is thus possible to lower
current consumption involved in writing while realizing
proper writing operation. Also, in addition to the same
effects as those of the circuit according to the second
concrete example, the circuit according to the third
concrete example eliminates the need for the comparator

44 and its peripheral circuit required to be provided in
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current driving capability between a TFT 31, the TFT 322,
and the TFT 32B, the current driving capability of the
TFT 32B is set equal to or higher than that of the TFT 31,
and the current driving capability of the TFT 32A is set
lower than that of the TFT 32B.
The circuit operation of the thus formed fourth
concrete example will next be described with reference to
a timing chart of Fig. 14.
Since the gate of the TFT 32A having a low current
driving capability is biased by the power supply voltage
vdd, the TFT 32A is in a conducting state at all times.
By applying a writing pulse to the gate of the TFT 32B

having a high current driving capability, the TFT 32B is

brought into a conducting state only around an end of a
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concrete example in effect lengthens the writing time for

low-brightness data and shortens the writing time for

high-brightness data. It is thus possible to lower

current consumption involved in writing while realizing

proper writing operation.

It is to be noted that while the fourth concrete

example has been described by taking as an example a case

where two TFTs, or the TFT 32A having a low current

driving capability and the TFT 32B having a high current

driving capability, are connected in parallel with each

other as a writing switch for two-step control of the

writing current Iw. The fourth concrete example is not

limited to the two steps; three or more transistors

having different current driving capabilities may be

connected in parallel with each other for still finer

stepwise control of the current. In addition, the current

driving capabilities of the plurality of transistors

connected in parallel with each other do not necessarily
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taking as an example a case where an organic EL device is
used as a display device of a pixel, and a polysilicon
thin film transistor is used as an active device of the
pixel so that the present invention is applied to an
active matrix type organic EL display apparatus obtained
by forming the organic EL device on a substrate where the
polysilicon thin film transistor is formed. However, the
present invention is not limited to this; the present
invention is applicable to active matrix type display
apparatus in general use, as a display device of a pixel,
a current-controlled type electrooptic device that varies
brightness according to a current flowing therein.

As described above, the present invention limits
the writing current to a low level (or zero) in an early
stage of a writing cycle, and thereby reduces the average
value of the writing current. It is therefore possible to
lower power consumption.

While the preferred embodiments of the present
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according to a current flowing therein and driving said
electrooptic device on the basis of brightness data
supplied as current via a data line; and

a current driving circuit for supplying each of
said pixel circuits via said data line with a writing
current that temporally increases in magnitude of a
current value thereof within a cycle of writing said
brightness data.

2. An active matrix type display apparatus as
claimed in claim 1, wherein:

said current type pixel driving circuit limits the
writing current to a low level in an early stage of the
writing cycle, and begins to pass said writing current at
an intermediate point within said writing cycle.

3. An active matrix type display apparatus as
claimed in claim 2, wherein:

said current type pixel driving circuit begins to

pass said writing current in early timing when writing
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current limiting device connected in series with said
data line, and temporally increases the current value
limited by the current limiting device within said
writing cycle.
5. An active matrix type display apparatus as
claimed in claim 4, wherein:
said current limiting device is formed by a field-
effect transistor, and said limited current value is
controlled by a gate voltage of the field-effect
transistor.
6. An active matrix type display apparatus as
claimed in claim 4 or 5, wherein:
said current limiting device is formed by a
plurality of current limiting devices connected in
parallel with each other, and the plurality of current
limiting devices are sequentially brought into a
conducting state at a time interval within said writing

cycle.

7. An active matrix type display apparatus as
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at least one of said plurality of current limiting

devices has a current driving capability different from

the current driving capability of the other current

limiting devices.

8. A driving method of an active matrix type

display apparatus, said active matrix type display

apparatus being formed by arranging pixel circuits in a

matrix manner, said pixel circuits each having an

electrooptic device that changes brightness thereof

according to a current flowing therein and driving said

electrooptic device on the basis of brightness data

supplied as current via a data line, said driving method

comprising:

supplying each of said pixel circuits via said data

line with a writing current that temporally increases in

magnitude of a current value thereof within a cycle of

writing said brightness data.

9. An active matrix type organic

electroluminescence display apparatus comprising:

a pixel unit formed by arranging pixel circuits in

a matrix manner, said pixel circuits each using,

as a

display device, an organic electroluminescence device

having a first electrode, a second electrode, and an
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10% & ()_sald organic electroluminescence device on the basis o
brightness data supplied as current via a data line; and
a current writing type pixel driving circuit for
supplying each of said pixel circuits via said data line
with a writing current that temporally increases in
magnitude of a current value thereof within a cycle of
writing said brightness data.
10. An active matrix type organic
electroluminescence display apparatus as claimed in claim
9, wherein:
said current writing type pixel driving circuit
limits the writing current to a low level in an early
stage of the writing cycle, and begins to pass said
writing current at an intermediate point within said
writing cycle.
11. An active matrix type organic
electroluminescence display apparatus as claimed in claim
10, characterized in that:
said current type pixel driving circuit begins to
pass said writing current in early timing when writing

low-brightness data and in late timing when writing high-

brightness data.
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limited by the current limiting device within said
writing cycle.
13. An active matrix type organic
electroluminescence display apparatus as claimed in claim
12, wherein:
said current limiting device is formed by a field-
effect transistor, and said limited current value is
controlled by a gate voltage of the field-effect
transistor.
14. An active matrix type organic

electroluminescence display apparatus as claimed in claim
12 or 13, wherein:

said current limiting device is formed by a
plurality of current limiting devices connected in
parallel with each other, and the plurality of current
limiting devices are sequentially brought into a
conducting state at a time interval within said writing

cycle.
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15. An active matrix type organic
electroluminescence display apparatus as claimed in claim
14, wherein:

at least one of said plurality of current limiting
devices has a current driving capability different from
the current driving capability of the other current
limiting devices.

16. A driving method of an active matrix type
organic electroluminescence display apparatus, said
active matrix type organic electroluminescence display
apparatus being formed by arranging pixel circuits in a
matrix manner, said pixel circuits each using, as a
display device, an organic electroluminescence device
having a first electrode, a second electrode, and an
organic layer including a light emitting layer between
the first electrode and the second electrode, and driving
said organic electroluminescence device on the basis of
brightness data supplied as current via a data line, said
driving method comprising: \

supplying each of said pixel circuits via said data
line with a writing current that temporally increases in
magnitude of a current value thereof within a cycle of

writing said brightness data.
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