20 Cctober 2005. ACTI VE NATRfX TYPE DI SPLAY APPARATUS, ACTI VE MATRI X TYPE
ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRI VI NG METHODS THEREOF

BACKGRCUND OF THE | NVENTI ON The present invention relagﬁekkﬁ,ﬁﬂmjactlve

matrix type display apparatus having an active device 1n eac pi xel 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 el ectrooptic device that varies brightness according

to a current flowing therein, an active matrix type organic EL display
apparatus using an organic- material el ectrolum nescence (hereinafter

descri bed asacorgsnuaTkix(ekest pobvnhneapeARRIbS, ARVTECE 3BATREX TYPE
el ectrooptic device, and driving methods thereof. For exanple, a liquid

crystal d'Sp'GYO&%hﬁ&caEthﬁmﬁLvﬁ&ﬁ%b%hN@§'DI%%LﬁYdh§9hﬁXT§§V'SEDOf a pixel

has a |l arge nunber of pixels arrange In a natrlx manner, and controls

light intensity in each pixely M#% (nglon of an imge to be-
di spl ayed, to thereby effect riving tor |nage iI'spl ay. The sane display
driving is effected by an organic EL display using an organic EL device as
a di splay device of a pixel and the 1 20 Cctober 2005 .- SR

BACKGROUND OF THE INVENTION

?he present invention relates to an active matrix
. type display apparatus having_an active device in each
(“} pixel and cont;olling display in the pixel unit by means
of the active deﬁiee 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 hes a large
number of pixels arraﬁged in a matrix mannef, and
controls light intensity in each pixel according to
information of an image to be displafed, to thereby
effect d;iving for image display. The same displey
driving is effected by an organic EL display using an

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




like. Since.the organlc EL display is a so-called self- |umnous type
display using a light enmtting device as the display device of a plxel

“the organic EL display has advantages such as higher égf;% gatoésof i mages,
no need -for a backlight, and a hi gher response speed hB d wth the
liquid crystal display. Mdreover, the organic EL display differs greatly
fromthe liquid crystal display .or the like, which uses liquid crystal
cells of a voltage-controlled type, in that brightness of each |ight
emtting device is controlled by the value of a current flow ng therein,
that is, the organic E. L device is of a current-controlled type. As with
the liquid ggstal di splay, the organic EL display can use a passive -
natrix-net%% and an actlve matri x method as its driving nethod. However,

the former has a s| constructi robl ens h. as fflculty
inrealizing a Ia?Jg%c 'S‘h a%lfqafﬁjt?o&d? :Q sl'kﬁJS“t%ﬁ%‘?lﬁ/% trix

met hod has recently been'  actively, develo ed whi ch controls a current

f1 owi ng t hkBU&ROYS FV@ﬁtdéﬁP%?ansaéglEelhﬁPﬁlﬁmhtb%R%l BY1ABaRE of an
active device al so disposed within the pixel, for exanple an insulated

gate fiel dtbefdéepladndreior ofypi BAXEY. athhi argsnie tFhndispdey (heT)). 2
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advantages such as higher visibility of images, no need

for a backlight, and a higher response speed as compared
with the liquid crystal display. Moreover, the organic EL
display differs greatly from the liguid crystal display
or the like, which uses liguid crystal cells of a
-voltage-controlled type, iq 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-controlied type.

As with the liquid crystal display, the organic EL
‘display can use a passive matrix method and an active
matrix method ds its driving method. However, the former
has a simple éonstruction 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 cufrent flowing through a
light emitting device within a pixel by means of an

" active device aléo disposed within the pixel, for example
an insulated gate field-effect transistor (typically a |

thin film transistor ({(TFT)).




| Fig. 1 shows a conventional exanple of a pixel «circuit (circuit of a
unit pixel) in an active matrix type organic EL display (For nore detailed

" description, see U S Patent 5,684,365 and Japanese P é nt, L '&Ecpen No.
Hei 8-234683). As is clear fromFig. 1, the pixel circg ﬁmﬂgggh ding to th
present conventional exanple includes: an organic EL device 101 having an
anode (anode) connected to.a positive power supply Vdd; a TFT 102 having
a drai'n 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.lOrz;li a source

connected to a ddtd 1 imEMIE kP SR o E f & LAk ng |ine 105.
Since the organic EL devjce has a rectjfying, property,in nany, cases, the
organi ¢ ELCHeRMte helr ol 28rd athtb RSN GHERR GoahY® T8ght¥Eni tting
Diode). Therefore, in Fig. 1 and other figures, a synbol of a diode is
used to defxRe QtEarCLEEL ¢ smkay of Fomimrre diatrird ohes ablrbEen . a
rectifying property is not necessarily required of the OLED. The operation
~of the thused arned Rat@it cir&84 1365 #d Japanese Patent Laid-Open:
" No. Hei 8-234683).
As is clear from Fig. 1, phe pixel circuit
according to the present conventional example includes:
an organic EL device 101 having an anodé {anode)
connected to a positive power supply Vdd; a TFT 102
having a drain connected to a cathode (cathode) of the
organié-EL device 101 and a source ﬁonnected 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 othef‘figures, a symbol of a
diode is‘used to denote the OLED. In the following
description, howéver, a rectifying property is not

necessarily required of the OLED.

The operation of the thus formed pixel circuit is




20- Oct ober 2005 as follows. First, when potential 'of the scanning |ine

105 is brought to a selected state (high level in this' case) and a
"writing potential W is applied to the data |ine 106, the TFT 104

conducts, the capacitor 103 is charged or discharged, 23R8PHE% 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 (| ow

| evel in this case), the TFT 102 is electrically disconnected fromthe

scanning line 105, while the gate potential of the TFT 102 is stably

retai ned by the capacitor 103. A current flow ng through the TFT 102 and

e of ChedraoRpite fndd GiE SRS L IE LIRS YOl a0

Vgs of the®*§F ¥S an continues eémttin

brightness corresponding to the value_ of the qurreni. The, operation of
sel ecting 1 %%a]i’lﬁ??&;h"gl‘?‘?\ea 15 e r%'?%trﬁtﬁflrﬂ)h P%e‘f'ﬁg FhsHE of the

pi.xel brightness data supplied to the data |ine 106 will _hereinafter be
referred te2e® "a®d 13 MELtIRg RSB Wholve,2eRtd iR hsda@ rcuit
shown in Fig. 1, once witing of the potential Vwis done, the OLED 101
conti nues ke t10G |thhtTRR B4 icadiurtightses cammeitered®3 wi ting. An
.active matrix type display apparatus (organic EL 4 '

charged or discharged, and thus a gate potential of the

TFT 102 becomes the writing potentia17Vw. ‘Next, when the
potential of the scanning line 105 is brought to a non-
selected staté (low level in this case), the TFT 102 is
electrically disconngcted from the 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 assﬁmes a value corresponding to a gate-to-source
voltage Vgé of the TFT 102, and the OLED 101 continues
emitting light at a brightness corresponding to the value

(ﬁ l of the current. The operation of selecting the scanning

iine 165 and transmitting to the inside of the pixel
brightnesé 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 emittihg light at a fixed brightness until next
writing.

An active matrix type display apparatus (organic EL




- whereas a FFSR

20" Cct ober 2005 display) can be formed by arranging a | arge nunber of such
pi xel circuits (which may hereinafter be described sinply as pixels) 111

"in a matrix manner as shown in Fig. 2, and repeating witing froma

vol tage driving type data Iline driving circuit (voltaﬁgcﬁﬁﬁVéW95114

‘through data Ilines 115-1 to 115-m while selecting scanning lines 112-1

to-112-n sequentially by a scanning line driving circuit 113. A pixel
arrangenent of mcolums and n rows is showmmn in this case. O course, in
this case, the nunber of data lines is mand the nunber of scanning |ines
is n. Each |ight enitting device in a passive matrix type display apparatus

emts |ight Onﬁgy?tcg tlng %@hegh% gggangglgt eﬂk&ﬁanUQﬁ%gc% gl S selected,

évi ce an a e matrirx type display
apparatus continues_em,ttin ven ter |t|ng Thus,
t he actlveSHﬁ%rPixF}pﬁlHFEﬁgﬁy(%gﬁﬁﬁrﬂﬁﬁ e§eé89§%F§g?8u968§5m% Sy for
use as a large_ high-definition display in that the active matrix type

di spl ay apﬁ&WEiMsaéaﬁlﬂSé?éaéé1pé§kabWP§ﬁﬂﬁe§§n§ﬁJ BSaR1o¥Er 1BnF18f  t he
light emitting device as conpared with the E&SSIVE matrix type display

appar at us. 2 nafl sepeesingt vrktipgefopgani ¥oLkagrspraying ¥EPe @8AAn film
field-effect transistor) formed on a glass substrate is generally used as

an active déwecérivingjeiBecuit (voltage driver) 114 through data

lines 115-1 to 115-m while selecting scanning lines 112-1
- to 112Fﬁ_sequentiaily by a scanning-line driving éircuit
(;  113. A pixel arrangement of m columns and n rows is shown
in this case. Of course, in this c¢ase, the number of data
iines 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 continﬁés emitting light even after completion
(H} ‘ of writing. Thus, the active matrix type display

apparatus is advantageous espécially 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 dévice as compared with the
passive matrix type display apparatus.

In an active matrix type orgénic EL display, a TFT

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

substrate is generally used as an active device. It is -




20° Cct ober 2005 wel | - known, however, that anorphous silicon and

_polysilicon used to formthe TFT has inferior crystallinity and inferior
controllability of the conducting nmechanismto single-cr sgal ilicon, and
thus the formed TFT has great variations in character?éF%@ o n a
polysilicon TFT is forned on a relatively l|arge glass substrate, in
particular, the polysilicon TFT is generally crystallized by a | aser

anneal ing nethod after formation of an anorphous silicon film in order to-
~avoi d problens such as thernal deformation of the glass substrate. However,
it isdifficult toirradiate the |large glass substrate with uniform]|aser

‘ener gy, a”Qeif“ﬁno&Q? §5¥3§3{|iEﬁ?hf%ﬂ%ﬁgﬂéﬁﬁhsiPgbgﬁ;éhgon is inevitably

~varied depending on a Tocatioh w strate. _ result, it is
. not rare t'ha{ thf.threshoéd va%ue Vih o poCNED '.I'IIIZE'S fo]rrrred on the sane

substrat e PRIVEH EPT rd7F 9 pFRet OB bikel” by &t 8 flindfed mv, or 1 V or
nore in sone cases;, |n that case,,even when tgg%sane $§t ntial Vwis

witten toCEHYSFRFERRIPY x@1e, inbprtxanpPRErehbakbht Eho fue Vth of the

TFTs varies frompixel to pixel. This results in great variation from
pi xel to prxedu¢hinhanechanist $9IsSIIOW nrYhtdbighl t hecL B ofihi ¢ EL
device and hence conplete deviation-of the current Ids froma 6

the formed TFT has dgreat variations in characteristics.

When a polysilicon TFT is formed on a relatively

n large glass substraté, in particular, the polysilicon TFT
(;E ie generally crystallized by a laser annealing method
after formation of an amorphous silicon f£ilm, in order to
avoid problems such as thermal deformatiqn of the Qlass
substrate. However, it is difficult to irradiate the
large glass substrate with uniform laser energy, and thus
the crystalliﬁed_state of the polysilicon is inevitébly
varied depending on a location within the substrate. As a.
‘result, it is not fare that the threshold value Vth of
.(1 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 frqm.pixel to pixel in the

current Ids flowing through the OLED {organic EL device),

and hence complete deviation.of the current Ids from a




20- Oct ober 2005 desired val ue. Therefore high picture quality-cannot be
expected of the display. This is true for not only wvariation in the

“threshold value Vth but also variation in carrier nDblb the Iike.
In order to remedy such a problem the present inventd Cﬁé mﬁﬁ@ osed a
current witing type pixel circuit shown in Fig. 3 as an exanple (see
International Publication Nunber WX1/06484) . As is clear fromFig. 3,
~the current witing 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

gr ounded; |to 123 _connect ed , hetween a gat f. and the
ground; a ‘%%’rfg‘ﬁ “I%T ir%frl’? S P49 flthlol%negg‘}aqd‘&q% dat a%% ne 128,
and a gate connected to a scanning _line 127; r1_J&#)—cha FT 125 havi ng
a drain conRRTERA (Qf SRR IRY « hdbier 1f24f'ruea P Ygr ounded; and a
P-channel TFT 126 having a drain connected to the drain of the TFT 125, a
source coOfekden oln h‘g‘l%dﬂ’g‘%ﬁhqlhe vigug 2BEh ot £1ER 2R ed to the
scanning line 127. The thus fornmed pixel circuit is crucially. different
fromthe pixxetamtiewinolsiovwy it &ngd. thei hikhe followi ng respect: in the
case. of the pixel circuit shown 20 Cctober 2005

In order to remedy such a problem, the present

inventor has proposed a current writing type pixel
circuit shown in Fig. 3 as an example (see International
Publication Number WO01/06484).

As 1s clear f:om 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 seurCe grounded; a capacitor 123 connected
between a gate of the TFT 122 and the‘ground; a P-channel
TFT 124 having a dfain connected to a data line 128, and
(ﬂ 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 lihe 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




in Fig. 1, brightness data is supplied to. the pixel in the form of
vol tage, whereas in the case of the pixel «circuit shown in Fig. 3,
" brightness data is supplied to the pixel in the formof current. First,
when brightness data is to be witten, the scanning | FhEcteber P@Sbrought 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. 1In 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_wel uatign of a MOS
14 o EPUEES pgel

t ransi st or 10t B&gf of t AFhGRRBEES: IpkR 15 FUPBLAP Weh) a...
(1) I'n the equation Vthl is the threshold value of the TFT 125; Al is
carrier nobhei fgrm Q%x101§ag§tewbﬁﬁﬁéﬁt&ﬁcéhepEPSGnPﬁ &h&aPifgti s channel
width; and LI is channel |length. Then, letting Idrv be a current flow ng
through t heirOWED 4Bdyn iheFigrr@nt bvabbsnetst fatauisesurpPdiedi §0
controlled by the TFT 122 connected in series with the OLED 121. In the
pi xel circuht sheoeh im £he. £8rmacfater8eO.Oct ober 2005
| First, when brightness data is to be written, the
scanning line 127 is brought to a selected state (low |
level in this case), and a current Iw corresponding to
the brightneés data is passed through the data line 128.
The current Iw flows throﬁgh 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
bétween 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 fﬁllowing holds: |
¢ | Iw = M1Cox1W1l/L1/2(Vgs - Vthi)? ... (1)
| In the equation (1), Vthl is the threshold value of the
TFf 125; 41 is carrier mpbility; Coxl is gatelcapacitance
per unit area; W1l is channel width; and L1l is channel
length.
Then, letting Idrv be a current flowing through the
OLED ‘121, the cﬁrrent value of the current Idrv is

controlled by the TFT 122 connected in series with the

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




t o-source voltage of the TFT 122 coincides with the Vgs in the equation
(1), and hence, assum ng that the TFT 122 operates in a saturation region,

ldrv = 122Cox2W/L2/2 (Vgs - VMth2) 2 ... (2) Incid I condi tion
for operation of a MOS transistor in a saturation reg?@h%Péxggﬁérally
known to be: Ivdsl > JVgs - VtJ ... (3) The neanings of the paraneters in.

the equation (2) and the equation (3) are the sane as in the equation (1).
Since the TFT 125 and the TFT 122 are fornmed adjacent to each other within
a small pixel, it may be considered that actually Al = /L2, Coxl = Cox2,
and Vthl = Vth2. Then, the followng is readily derived fromthe equation

(1) and L heocahatienvhiagbdby! i rri2hth) LobAthbbe with) enPOsLiically.

even when e varl ués | ves 0 he carrier ,

capaci tance Cox per unit_ area, and . the threshol.d valu h Y. %t hin
apanel su??aEﬁeo?qF?gﬁPBagé 'tSngaﬁgFFethgsgﬁP%gﬁt%baivygﬁoﬁgﬁgly%hrough
the OLED-121 is in exact proportion to,the witing current Iw, and

consequent PHeFRERE . 1Bnft ERAYT2BEPEhEREES 0f the OLED 121 can be control | ed

accurately. In particular, when a design is made such that W = W 9 20
Cct ober 2005 Idrv = HM2Cox2W2/L2/2(vgs - Vth2)* ... (2)

Incidentally, a coﬁdition foi operation of a MOS
transistor in a saturation region is generally known to
be:

jvds| > |vgs - Vt| | ‘ ... (3)

The meanings of the parameters in the equatibn {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 é small pixel, it may be considered

that actually #41 = 42, Coxl = Cox2, and Vthl = Vth2,.

Then, ﬁhe following is readily derived from the equation
(1) and the equatibn {2}):

Tdrv/Iw = (W2/W1)/(L2/L1) o 4)

Specifically, even when the values themselves of
the carrier mobility U, the gate cépacitance Cox per unit
area, and the threshold value Vth vary within a panel
sﬁrface 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 contrxolled accurately.

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




|

and L2 = L1, for exanple, ldrv/Ilw =1, that is, the witing current 1w and
the current Idrv flowing through the OLED 121 are of the sane val ue

"irrespective of variations in the TFT characteristics. Fig., 4 is a circuit

di agram showi ng another circuit exanple of a current w0 POeiEg209pe pi xel
circuit. The pixel circuit according to the present circuit exanple is in

. opposite relation in terns of a transistor conduction type (N channel/P

channel) fromthe pixel circuit according to the circuit exanple 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. ?a a;e lﬁ 8?|§&5H Qé c?ggg?#FTFTE 1§ﬁ%gngsl3§h The direction

~of current P&®al 5674 er ent wevef operatlng
principles are, exactl t he_sane. active matriXx e,org di spl ay
appar at us WEARiBE FBF th§waﬁPgn§ ﬁgCPﬁﬁeﬁBo5grﬁe%¥8Vbﬁﬂ Eﬂ??%% writing
type pixel circuits as shown _in Fig. 3 and Fig in a mtrix manner. Fig.

5 shows antlfa@pFR dP1 éﬁﬁf?ﬁuFH?l6ﬁm%fvﬁﬁéeaEFF9§PﬁﬁF%Yﬁ ¢§ype organic EL
di splay apparatus. In Fig. 5, scanning lines 142-1 to 142-n are arranged

one for eachrbitions bh ther AT oharaeberypeied. 20 Oct ober 2005

Fig. 4 is a circuit diagram showing another circuit
example of a current writing type pixel circuit. The
pixel circuit according to the present circuit example is
in opposite relation in terms of a transistor conduction
type (N channel/P chgnnel) 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

-(ak principles are exactly the same.

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

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

arranged one for each of rows of current writing type

10




pi xel circuits 141 corresponding in nunber wwth mcolums X n rows and
di-sposed 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 FHOCERH29M 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

connested to an output . . dri ving
Cirouit 145581 CRR B gh Wb ESET Rt Bhe T e e 3 ook 2D,

lines 144-1 to 144-m Wen such a circuit to which brightness data is
suppl i ed i % Bh&owsr andt dasegeeend v Jernefarti $hegmatyident Theiting type
pi xel circuit as shown in Fig. 3 or Fig, 4 is used as algixel circuit,
power condagrioh the THT 134G ¥hF H¥i ght st teRfs e bEF T nttkased.
The reason is as follows: the voltage witing type pixel circuit shown in
Fig. 1 andint Hsiact4venthiths 93tpe ofishe dJFBphdt atud i ny e ¥ t age
writing type pixel «circuit do not consune direct current in driving a data
11 20 Oct gzetre 2005che TFT 136 in Fig. 1) are connected in each
.pixel 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 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

i1




|l i-ne, whereas the current witing type pixel circuit and the active matrix
type di splay apparatus using the current witing type pixel circuit
"consune direct current in driving a data |ine. For ex l e, . @? nit is
assuned that, as realistic nunerical values, a maxinu b 2 witing
current per data line is 100 /2 A a supply voltage is 15V, and,
supposing a full-col or XGA (extended graphics array) panel, the nunber of
data lines is 1024 X 3 (RGB) = 3072, power consunption required for
witing is as high as 100 /1A X 3072 X 15 V = 4.6 W To be nore specific,
the power consunption is | ower because the witing current does not flow

during a vettical. bl anking period, . but .do r y or | ower
pomer.consﬁﬁﬁ?foﬁheFFaguFﬁlcggrfghglWﬁﬁg g%owggg ﬁe Vg|ﬁgE§$&%hgn§}Itlng
current; in that case,  however, Br E | em of an increase hn required
witing tFRe aFFixe maprixs t¥RE 31 Pha¥hBPREFPENE WFHEPn§ frethod, the
out put- i npedance of the current driving circuit serving as a current
source i's @Eb%?%htWEFFynFnFVHFtElxﬁﬁchHEPéFoFenFH@e ﬁﬁéﬁﬁﬁc%u5¥e?ﬁe
circuit is determined by a transistor within the pixel circuit or, nore
speci fical iy, drheiffgTald@stanline-exanpl e of the pixel circuit in Fig. 3.

12 20 Cctober 2005
For exanple, when it is assumed that, as realistic

numerical values, a maximum value of writing current per
data line is 100 UA, 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 Vv = 4.6 W. To be more specific, the
power consumption is lower because the writing current
does not flow during a vertical bhlanking 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 ﬁriting
time arisés. Specifically, in the current writing method,
the output impedance of the current driving circuit

serving as a current source ié substantially infinite,
and therefore the impedance'of the circuit is determined
by a transistor @ithin the pixel circuit or, more
specifically, the TFT 125 in the example of the pixel

circuit in Fig. 3.
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Mre specifically, when both sides of the foregoing equation (1) of the
MX% transistor are differentiated wth respect to the gat e-t o-source

" vol tage Vgs, 1/Rpix = ,ulCoxIW/L1 (Vgs -- Vthl) ... %} ere Rpix is
differential resistance of the TFT 125 as viewed from??P508e289Y i ne 128.
‘Fromthe equation (1) and the equation (5), the follow ng is obtained:
Roix = 1'"/f (2 A 1CoxIW/L1 " Iw ... (6) As is clear fromthe equation
(6), the differential resistance Rpix is in inverse proportion to the
square root of the witing current lw. On the other hand, a |I|arge
parasitic capacitance Cdata is generally present in the data [ine 128.
Thus, a tinme constant T of, the wr|t|n rcuit, .arou stead state is
substantial |y V ¥oggasRegiRdicelly., (e %ﬁ’ttchhé (‘?ﬁtsré’r&ilt R%F r?éf‘ﬁod, in
“order to .stabilize the potential of the data line in a stead state, a
suffici entelw«lal'dﬁgl wiit iafy therdiQS Eorpal P 21 qltfefecxied’et’t?otr%‘i/ant Tis

desirable. As is clear fromthe equation (6) and the equation (7),
- however, el imsspeonstanthe dreopntes- $@hges el td%e Wd2ing current is
decreased, and since in witing black data, in particular, Iw=20., in
t heory, the wWitangpis ROW Tosplwt £l Wedih wthilinite-time. (B pr actl ce,
since.errors are tolerable to 13 20 Oct ober 2005
where Rpix is differential resistance of the TFT 125 as
viewed from the data line 128. From the eguation (1) and
~ the equation (5), the following is.obtained:
Rpix = 1/4/ (241C0ox1W1/L1-Iw) ... (6)
As is clear from the equation (6), the differential
resistance Rpix is in inverse proportion to the equare
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 7 of the
writing circuit around a steady state is'substantially
T = Cdata X Rpix . (7)
'(“z | In the current writing method, in order to
stabilize the potential of the data line in a steady
state, a eufficiently long writing time as compared with
the time constant 7 is desirablet As is clear from the
eduation (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

13




sonme extent, for exanple, it is possible to perform practical witing
operation even within a finite witing tinme. However, the witing of a

smal | current basically requires a longer witing ting than the witing of
a.... large current. This presents a serious problen1ég9'egﬁpp?5mhen

| ow- bri ght ness data, which neans a |ow current value, is witten, when the
parasitic capacitance Cdata of the data Iline 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 time (scanning period) is _
shortened. The reason for its being a serious problemis that in order to

conpl ete whinbi BErORE! akbpPnebhPi 8, aitpiedpbesibnedepepedorihe witing
current needs to be increased, but this results in an increase in power

consunpt | Paﬁt%%/@%i% %*EoﬂaéWEMbQ\le{Fsﬁ RiEaela | pBYRDEE O Pasndpeen made

in view o ove probl ens. Enbodi nents of the present invention

brovide P8l AL XCHIY AU AR e 2DRAA Sy Alln Al ey | X (YD

organi c i splay appara riving net ereof that ~ reduce

I df t bri ght 2 2005 dat
33.“?2 er.” REaTh TG Suf1efen °rt“%¢n5”%er§%$’nmﬁﬁésmtl s BE R e

‘Targe current.

This presents a seriﬁus problem especially when
low-brightness data, which means a low currentkvalue, is
written, when the parasitic capacitance Cdata of the data
line 128 is increased as a result of an indrease in the
size of the display, 6r 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
ébove problems. Embodiments of the present invention provide
an active matrix type
display apparatus, an active‘matfixrtyge organic EL

display apparatus, and driving methods thereof that

reduce power consumption reqﬁired for writing brightness
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and thereby enable reduction in power consunption when a current witing
type pixel circuit is used. According to a first aspect of the present
invention, . ----there. is provided an active matrix t¥g§ dLSE&§¥ appar at us
fornmed by arranging pixel circuits in a matrix manner 2 PH&%; circuits
each having an el ectrooptic device that changes 'brightness thereof
according to a current flowing therein and driving the el ectrooptic device
on the basis of brightness data supplied as current via a data |ine,
wherein a witing current that tenporally increases in magnitude of a
current value thereof within a cycle of mwithq t he brightness data is
suppl i ed deteashidfe medntpiadmocispdicd ofita WS IRG REERET2RAEEor ding to a
second aspect of the present invention, there is provided a_ _driving nethod
of an act ianel rderiebyt \ep@bldi geidagtigpaiat POWeTs £OFSHIRLIONHPERK 2t ype

di spl ay .apparatus being formed by arranging pixel circuits in a matrix
manner, saidreintelwrditic ttypeaphixiedvicigearit dlseatsiedopti ¢ devi ce t hat
changes brightness thereof dccording to a current flow ng therein and
driving said glLeci§paptis adeviree asptbe basitheofprissieght ABYSNHAPR, 15 20
Oct ober 2005 supplied as current via a data line, said driving nethod

conprisingy e is
provided an active matrix type display apparatus formed-
by arranging pixel circuits in a matrix manner, the pixel
circuits each having an electrooptic device that changes
‘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,
vherein 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.

According to a second aspect of the presen£ invention,
there is provided a driving method of an active matrix type 77777
display.apparatus, said active matrix type displéy
_apparatus being formed by arranging pixel circuits in a
ﬁatrix manner, said pixel circuits each having an
electrooptic device'that.changes brightness thereof

according to a current flowing therein and drivimg said

electrooptic device on the basis of brightness data

15




suppl ying each of said pixel circuits via said data line with a witing
current that tenporally increases in magnitude of a current val ue thereof
within a cycle of witing said brightness data. Accor%iggp@gz third
aspect. of the present invention, there is provided an & rix type
organic el ectrolum nescence di splay apparatus conprising: a pixel unit
formed by arranging pixel circuits in a matrix manner, said pixel circuits
each using, as a display device, an organic el ectrolum nescence device
having a first electrode, a-second electrode, and an organic |ayer
including a light . emtting |ayer between  .the first. el ectrQq t he
second elge%‘flf’% ed 78 G %‘bywsaai"ﬂ Fihn P escatlrd(?lduren%‘ﬁl? gﬁ%ﬁﬁgvi ce on

the basis of brightness data supplied as current via a data line; and a
current w TP VPR pi xel driving circuit for “supplying each of said

pixel circuits via said data_ line with a witing.current th nporal |y
i ncreases in negRRIGR DR O SRV RFE T tHih Sfl(;aéygltagaof

witing said brightness data. 15a 20 October 2005 According to a fourth
aspect of }ireprederd YHMVEMY sirratferdats YHMRATGId Ya ’d‘rq’iﬁg‘??ge od of an

active matri x type organic el ectrolum nescence display appar atfus, sai d

active natmagni§pte @haicrraiead: Mol fdsande Witdgimy? cycle o

writing said brightness data.

According to a third aspect of the present invention,
there is provided 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 eiectrode, a- second electrode, and an

organic layer including a light emitting }ayer between
‘the first electrode and the second electrode, and driving
éaid organic electroluminescence device on the basis of
brightness data supplied as curreant via a data line; and
a current wri;ing 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 cirrent value phereof within a cycle of

writing said brightness data.

~ 15a




apparatus being forned by arranging pixel circuits in a atr x manner, said
-pixel. circuits each using. as a~ display device, an organic

el ectrol um nescence device having a first el ectrode, a second el ectrode,
and an organic layer including a light enmtting |ayer?beRRERPhe 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, said driving nethod conprising: t supplying each

of said pixel aebbeliA§ ¥ da SPOErHRL Bspd &1 M {Hk G W ddritNG RAUHEIRN, t hat
tenporally increases 1n magni tude of a current value thereof within a cycle

OF i L Rflesdl £ I SNRGSS 624 9ind imllifod Wl JOLERY,ACKLYE: FRLALX tyDe

di splay apparatus or an active nmatrix type organic I'sp appar at us
Igctrgg tic _device, magni t ude of
r

i i devi th th
e e T ¢ She Ealip fFeteSnet, TERPIrL SRRt Ty FHifencad w i hi b

the witing cycle, whereby the wwiting current is Iiniafd to a low | evel
(or zer T aMmasr 1y SYRYLHI2 e W PEFRGI RS CFHR, At #R128ver age val ue
of the witing current is_reduced. 15b 20 Cctoper. 2005 DETAI LED DESCRI PTI ON
OF THE P@E}:{g&%‘%m ¢ PY | axFRREing RXRL tCEHIGIrRiBn , of a

voltage "~witing type pixel circuit according to a conventi onal
mariner, said pixel eircuits €ach using, as & -

TmMatTLX’
display device, an organic electroluminescence device
having a first electrode, a second elegtrode, and an
organic layer including a light emitting layer between
the first electrode and the éecond electrode, and driving .
said organic electrolﬁminescence device on the basis of
brightness data éupplied as current via a data line, said
driving method comprising: . -

supplying'ea?h of said pixel circuits via said data
line with a writing current that temporally increases in
magnitude of a currént value thereof within a}cycle of

wri;ing'said brightness data.

In the thus formed active matrix typé display
apparatus ér an active matrix type organic EL display
apﬁaratus using an organic EL device as the.electfooptic
device, ;he magnitude of the current value of the writing
current ié temporally increased within the writing cycle,
whereby the writiﬁg current is limited tc a low level (or

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

average value of the writing current is reduced.

15b- ¢




exanple; Fig. 2 is a block diagram show ng an exanple of configuration of

an active matrix type display apparatus using the voltage witing type

" pixel circuit according to the conventional exanple; Fig. a? hows a
circuit configuration of a current witing type pixelzéEF@ rio ccording to

‘a first conventional exanple; Fig. 4 shows a circuit configuration of a
current witing type pixel circuit according to a second conventional
exanple; Fig. 5 is a block diagram showi ng an exanple of configuration of
an active matrix type display apparatus wusing the current witing type

pi xel circuit according to the conventional exanple; Fig. 6 is a schematic

di agram of 26000 WERldGbaion Y Aild VReFHREED AR UMIRIKAY apparat us

according to an enbodi nent of the present I1nvention; Fig. 7 is a sectional

structure di agram,showi ng, an_ exanpl.e. of . , r i L device;
.Fig. 8is a cirgt??'ﬁ?a%?ﬁﬁ?sﬁoﬁ?%ﬁuégfF§é%y§éyégl§%t§ger ggggg%%ncrete
exanpl e of a .data line dnivin%_circuit; Fiq. 9is a tinin%.chaat of the
first Concwggélngxgﬁypeplxel ircult according to a conventiona

“example;
Fig. 2 is a block diagram showing an example of
- configuration of an active matrix type display apparatus
using the voltage writing type pixel circuit according to
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 configﬁration of a current
writing type pixel circuit accprding 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 prgsent invention;

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

Fig. 8 is a c¢ircuit diagram showing a first

16




Fig. 10 is a circuit diagram showi ng a second concrete exanple of the data
line driving circuit; Fig. 11 is a circuit diagramshowng a third
“concrete exanple of the data line driving circuit; Fig, 12 is a timng .
chart of the third concrete .exanple; Fig. 13 is a ciréBPFopsrd§?am showi ng
a fourth concrete exanple of the data line driving circuit; and Fig. 14
is atimng chart of the fourth concrete exanple. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Preferred enbodi nents of the present invention
will hereinafter be described in detail with reference to the draw ngs.
Fig. 6 is a schematic diagramof a configuration of an active matrix type

di spl ay apparatus according to_a enbodi £t resent invention.
Descriptio OFﬁr?ﬁg e??8?h8mf%gamﬁ?Fagglﬁ%ggg%yg?gk?§68%§§an exanpl e a case
where an organic EL device is used as an electroopti.c devige. of each
pixel, and a.. fi%t¥: et et tTUNIS TR & 1‘?‘92 J(’bsttoﬁzeqncﬁfg‘f exanpl e a
polysilicon TFT is used as an active device of each pixel so that the
present i neBATPdA/is applied to an active matrix type organic EL display

apparatus obtained by formng the organic EL device on a substrate where
t he Fig. 10 is a circuit diagram showing a second :

concrete example of the data line driving circuit;
Fig. 11 is a circuit diagram showing a third
. concrete example of.the data line driving circuit;
Fig. 12 is a timing chart of the third concrete
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

(j ' 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 aétive matrix type display apparatus accbrding 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-effeqt_transistor, for
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polysilicon TFT is formed. In Fig. 6, current witing type pixel circuits
11 .corresponding in number with mcolums X n rows are arranged in a
"matrix manner. A circuit of a circuit configuration showmn in Fig. 3 or a
circuit of a circuit configuration shown in Fig. 4, f@é?Oebargl® is used
.as a current witing 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 14-mare arranged one for each of
- the colums of the pixel circuits 11. One end of each of the data |ines

14-1 to l4wampd eC@NRpRAYSA 1@ o Teat PUt usleld Bisnah heki@ache¢kbunrof . a
current driving type data line driving circuit (hereinafter referred to as

current  duickeilixtka. sBhena4 toRt pdeis¥si ]ili."i_ivieitsiBBpHs_egpMEQd! BRUL, data in

the formof voltage and a witing pulse for controlling witing current.

Th re V=Y Wik 1S Loht pesgidata .t .xgl circuits
11 throughe the. Sata 7 neee ey B8y’ BePREdr 5 obBE Al E anl o o

truct f i ' il _be descri in the fol |pwing. Fig.
> Chows %o SERraRd e, BraRLEr Bein 68001 R ShBFErale el b BE " o

Flg. 7. the 90306, FhefleYlogobgehor med by creating

In Fig. 6, current writing type pixel circuits 11
corresponding in number with m columns X n rows are
arranged in a matrix manner. A circuit of a circuit
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 14-m are arranged one for each
of the columns of the pixel circuits 11. One end of each
qf 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 aé current
driver) 15. The current driver 15 is suppliedlwith input
data in the form of voltage and a writing pulse for
controlling writing cﬁrrent. The current driver 15 writes
brightness data to each of the pixel circuits 11 thirough

the data lines 14-1 to 14-m.'
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a first electrode (for exanple anode el ectrode) 22 made of a transparent
conductive filmon a substrate 21 nmade of a transparent glass or the Ilike,
“further creating an organic |ayer 27 on the first electrode 22 by

depositing a hole carrying layer 23, a light emtting20Qgeber2@05 an
el ectron carrying layer 25, and an electron injection layer 26 in that
order, and then formng a second electrode (for exanple cathode el ectrode)
28 made of a netal on the organic layer 27. By applying a direct- current
voltage E between the first electrode 22 and the second el ectrode 28,
light is emtted when an electron and a hole are reconbined w th each

he t hus for ctJve mat ri x

other in the |ight en1tt1 %3¥er Zé. I n %
type display app3fatt’d P1h FERE ORS¢ P ga?y%]égaprf&%l | 9% 11 are
formed using field-effect tranS|stors &ponS|I|con TFTs in thls case).
Ther ef or e, WMénbﬁhéeéGFFEﬁfi #Ri tBe £5lievwipg. pd Hbunt LV the sanme
' substrate as that of the pixel portion, it is desirable to formthe
“‘current drpeetieBalaptsuatitng efehd- erfasict Fhndfviors. Apvieverleathe
current 19 20 COct ober 2005 driver 15 may al so be forned as a circuit
external toromeFipixel pbetovganin Ehi devase. isthermedrentcdeavieng 15 nmay
al so be forned using bipolar transistors.. A few concrete exanpl es of
configurataopipktt BRectrode (for example anode electrode) 22 made
of a transparent conductive film on a substrate 21 made
of a transparent glass or the like, further creating an
organic layer 27 on the first electrode 22 by depositing
a hole carrying laver 23, a light emitting layer 24, an
electron carrying layer 25, and an electron injection
layver 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, light is emitted when an electron
(j. ' and a hole are recombined with each other in the light
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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current driver 15 will be described in the following. [First concrete
exanple] Fig. 8 is a circuit diagramshowing a first concrete exanpl e of
“the current driver 15. A circuit according to the first concrete exanple
is awunit circuit corresponding to one data |ine, and2&0seber@P0such unit
circuits corresponding in nunber with the n colums fornms the current
driver In Fig. 8, brightness data (input data) to be witten to a pixel is
supplied in the formof voltage to a gate of an N-channel TFT 31, for
exanpl e, having a source grounded. The TFT 31 functions.to convert the
bri ght ness data voltage into a current to flowthrough a data line 14. In
t he present exanpl ess .data _voltage corre

curront . CRECOEE 18 PRy AbSRuPRcROTRER AFQR BHFORCheSkt S RRek Ehatthel TET
32, for exanple, is inserted as, a witing switch between a drain of the TFT
31 and onePéRAl BPrEhR@ndat™t |HHe RSy gafte TR AR YEF i Mdplied with
a.witing pulse. As shown in a timng chart of Fig. 20 20 Cctober 2005 9,
the witinglpalke Bxhinefitysing phreeas| toangiaketnd an end of a brightness
data witing cycle, that is, a scanning cycle. The witing pulse is
‘commonl y suppl i ed tiew tdmnqeat s efanpieesTROMS c@E idivypddan @fe ther each of
the current driver 15 will be described in the following.
[First concrete example]

Fig. 8 is a circuit diagram showing a first
concrete example of the current driver 15. A circuit
éccording 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-chahnel TFT 31, for example, having a
| (ﬁ;' ' source grounded. The TFT 31 functions to convert the
brightness data voltage into a current to flow through a
data line 14. In the present example, high-brightness
data voltage corresponds to great current, that is,
writing current for high brigﬂtness.

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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col ums. By applying the witing pulse to the gate of the TFT 32, the TFT
32 s brought into an on state only during a short period around the end

" of the scanning cycle, during which period the brightness data is witten
to the pixel. On the other hand, during nost of the séRRsihy289%le, during
which the witing pulse is at a |low level, 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 |ine 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 s ERRrEfbrEeIRY =S¢ e iRt £5 r@%’l&bgle‘é&pe% TG Bhe

scanni ng cycle during which period the witing pulse is at a high |evel,
and TO be om@ oScarki iheyrse frkEd o‘ﬁEi‘éﬁﬁ%c‘EY%ﬁﬁrr diftethovier onsunption by
the,witing current is reduced to substantially T1/TO, 21 20 Oct ober 2005
as agai nstsd¢dren oo vaeel onalThex amiltdaa pat sgediso compondyn§urPhisdghbut one
scanni ng cycle period TO The reduction of the witing time for | ower power
consunpt i ofheraya toesisef atlpr APE BN 32 dusposwyd |ave biageadsof the
columns.
By applfing the writing pulse to the gate of the
TFT 32, the TFT 32 is brought into an on state only
during a short period around the end of the scanning
cycle, during which period the brightness daté is written
to the pixel. On the other hand, during most of the
scanning cycle, during which the writiﬁg 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 writiﬁg current flowing through the data
&  line 14.
Thus, in the circuit configuration according to the
first conérete example, the brightness data is written
only during the short period ;round the end of ;he
scanning cycle. It is therefore clear that letting T1 be
a period'within one scanning cycle during which period
- the writing pulsé is at a high level, and TO be one

scanning cycle period, direct-current power consumption

by the writing current is reduced to substantially T1/T0,
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data, as described in the section "Problens to be Sol ved by the |
| nvention." ‘Hence, there is a limt to the reduction of the witing tine,
“and consequently the effect of reducing power consunptlon will be limted.
A second concrete exanple, which will be described in2fR&ob#dPdwi ng, is
provided as a neasure agai nst this problem [Second concrete exanple] Fig.
10is a circuit diagramshowi ng a second concrete exanple of the current
driver 15. The second concrete exanple is configured to effect control so
as to lengthen witing tinme at the time of |ow brightness and shorten
witing tine at the time of high brightness A circuit according to the
second concrete exanp is also .a it circuit corres nd|n gne data
line, and 555@9318§tsﬁgﬁ GRPY eSO se58PPg§Boﬁ§Fﬁgpe ﬁﬁﬂbgFlgf?ﬂ the n
colums forns the current driver In Fig. 10, a P-channel TFT 41 and an
N- channel thTOUHQO&Feoéénﬁ§éF€danc¥€#@e§aﬁ19ﬁ €4ch other between a
positive power supply Vdd and a ground. Input data is applied in the form
of voltage to a gire. ptdepbiqEToliithe wpibongctbberfPDOOWRT IPAELH gate of
a TFT 31. A positive reset pulse is applied to a gate of the TFT 42. A
capaci t or 43nkEsmptdoneciagdchesweanprhblgmodndvandingndde-Nrighwhees drains
of the TFTs 41 and 42 are commonly connect ed.
data, as described in the section “Problems to be Solved

by the Invention.” Hence, there is a limit to the

reduction of the writing time, and consequently the

Y

effect of reducing power cohsumption will be limited. A
second concrete example, which will be desgcribed in the
following, is provided as a measure against this problem.
[Second concreté example]

Fig. 1Q is a circuit diagram showing a second
concrete example of the current driver 15. The second
concrete example is configured to effect contrel so as to
lengthen writing ﬁime at the time of low brightness and

'(ﬁj- ' shorten writing time at the time of high brightness. A
circuit according to the second concrete example is aiso
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-driﬁer

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 Vvdd and a ground. Input data is

applied in the form of voltage to a gate of the TFT 41 as
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A voltage at the node Nis given to a conparison input terminal in of a
conparator 44. A reference voltage Vref is applied to a reference voltage
“input termnal ref of the conparator 44. The conparator 44 conpares the
conpari son input voltage of the input termnal in with?0PsebsdfEr ence

" voltage Vref. Only when the conparison input voltage is higher than the
~reference voltage Vref, the conparator 44 outputs a high-level signal from
an output termnal out. The signal outputted by the conparator 44 is
‘supplied to a gate of a TFT 32 serving as a witing switch. The circuit
operation of the thus forned second concrete exanple will next be

described. First, prior to_operation of witing brightness data, a
positive regél apufseare Sfippl TEY @6'tkﬁ3%ﬂﬁ%§%ﬁ£tqﬁééﬁfpéife Fife potenti al

of the node Nis then reset to a |ow |evel. when an input data voltage is
appl i ed i nappliedetetasgate, oft Ree TFET 442} s prARAAL 491 ¢ 3a dfonducting state
~to thereby charge the capacitor 43. The potential of the node Nis
t her eby i ncoeasetedrhdtmeey. tR8 @oodedobed 20053GHento vitlekch drgpistenti al of
the node N exceeds the reference voltage Vref, the potential of the output
term nal oot ofiethPTsotpasnados?24drescotmogkyl ¢onmediigh. | evel to thereby
bring the TFT 32 serving as the witing ' ,
A voltage at the node N is given to a comparison
input terminal in of a comparator 44. A reference voltage
Vref is applied to a reference 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.
(’a The circult 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 wvoltage 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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switch into a conducting state. In this case, the higher the input data
voltage, the lower the current flowing through the TFT 41; therefore, it
"takes tinme to charge the capacitor 43 and hence it taéeg ting for the
potential of the node N to exceed the reference voltag O Ogppler 20005, for
hi gh-bri ghtness data, it takes tine before the TFT 32 conducts, and
accordingly the witing tinme is shortened. Atotal witing tinme can be
adjusted 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 time at the tine of |ow brightness and

al so  reduce the iting ti at_ the t.i hi g ri ght g S
consequent |y posﬁ et %ﬁteepﬁg\%‘rtl@ sc’&fnp eor?m%ree%iegg%%tdg %/rhlete
brightness data. [Third concrete exanple] Fig. 11 is a circuit diagram
showi ng a ¥ 2Fenedntekiadexiipl e oie (PR FEh o T R2 Y A circuit
according to the third concrete exanple is also a unit circujt
corr espondierpimabneutiaef theccompar ateetdbilsdrnged-od dbett 2005 unit
circuits corresponding in nunber with the n-colums fornms the current
driver As isvel ety fherely goring the BHT G4 tsewoididiarn the WiHEIT r d
concrete exanple is provided with a sawtooth '

switch into a conducting state. In this case, the higher

the input data voltage, the lower the current flowing
through the TFT 41; therefore, it takes time to charge
the capacitor 43 and hence it takes time for the
poténtial of the nodg N to exceed the reference wvoltage
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
fi} | long writing time at the time of low brightness and also

réduce the writing time at the time of high brightness.

it is conéequehtly 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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signal generating circuit 51 for generating a signal that tenporally
- increases gradually within a brightness data witing cycle, for exanple a -
" sawtooth signal (see a timng chart of Fig. 12). The sawtooth signal
generated Dby the sawtooth signal generating circuit 530Peogd¥%5i ed as a
witing voltage to a gate of a TFT 32 serving as a witing swtch (anal og
switch). The circuit operation of the thus forned third concrete exanple
will next be described with reference to the timng chart of Fig. 12.
Around the tinme of a start of witing, the TFT 32 has a |ow gate
potential, and therefore cannot allow a flow of great current.
Speci fi cal l even when an input .voltage o T .31 . i t. the tine
of high- b?‘%ljg‘fwt?fe‘%%“’d‘éﬁ ST HP T ﬂgsnuarx%‘?a%yﬁtn%ét aeflclg Cgljr.lid"(ﬂﬁjtshus causes
a great voltage drop. Thus; drain potential of the TFT 31 is | owered, so
that the THrms thafotr oy a‘f’él‘f‘?ir a saturation region and allows only a | ow
driving current to flow. That is, a witing current Iwis limted by the
TFT 32. 25 20 CcPébde ZIG3\WAES™ K %i-npdt g&teaC\%GPPééeaSFOFﬁénﬁ‘F’?osl is | ow
(at 'the tinme of |owbrightness data), on the other hand, a low current .
fl ows throtgh tthier IRoSIretrl adpnp IF S provdfed ertdr ¢ sapi@otdT 32 causes
a small voltage drop. As
S signal generating circuit 51 for generating a signal that

temporally increases gradually within a brightness data
writing cycle, for example a sawtooth signal (see a
timing chart of Fig. 12} . The sawtooth signal generated
'by the sawtooth sign;l 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
7 ' has a low gate potential, and therefore cannot allow a

flow of great &urrenf. 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 dfop; Thus, a drain potential
of the TFT 31 is lcwered, 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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aresult, the TFT 31 has a | ow gate voltage and a relatively high drain
vol tage, so that the TFT 31 easily operates in a saturation region, or
"operates as a constant-current source. In this case, the 'AFT 32 inposes
no linitation on witing operation, and therefore the 2MOctoP#g%beration is
performed properly. Around the time of an end of the witing, the TFT 32
has a high gate potential and hence a | ow i npedance, so that the witing
operation even for high-brightness data is perforned properly.
Consequently, the circuit according to the third concrete exanple in
effect lengthens the witing tine for |ow brightness data and shortens the

witing time for hir?h-bri htnesi\?data. It Is h&? plofslsignlleigolclvaer
current consunpti%ﬁ@ rﬁﬂﬁ\éhp?Fl ??iYﬁf%&ﬁ eP#ea.?2|ng proper writing
operation. Also, in addition to the sane deffgcts ag tho§e of thg circuit
accordi ng {8tt kBestiBRdOIcOREr BELIBLRRFFeIatAL: cPRCHPE RERSF P33t o the
third concrete exanple elimnates the need for the_conparator 44 and.its
peri pher al aclewururregti féavwEotheopsByviBEdTFR 26 2BECERBLEF L 2095 t he
circuit according to the second concrete exanple for each data line 14.
The circui éandctberdefgreothheTFRi 38 cavaefepesBihhprel E2ee efBPR- hdS an
-advant age of correspondingly sinplifying the configuration of the

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 operaﬁes 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

(ﬁ - éoncrete 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 reguired to be provided in
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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 sugh coptinuous control

accurately, the third concrete exanple may be confi gur é4O°%PBerdffct
stepwi se control. It is essential that the third concrete exanple be
configured to tenporally increase the gate potential of the TFT 32
gradually wthin a brightness data witing cycle. [Fourth concrete
exanple] Fig. 13 is a circuit diagramshowi ng a fourth concrete exanple of
the current driver 15. A circuit according to the fourth concrete exanple

is also a it _.circui I ondi t d i , S of such
uni t circu?B? g&FF&%po%&%ﬁéd?§8ngﬁbggewgfggﬁﬂegégg%%gﬁnggggg?ﬁsgéﬁe current
driver . The circuit accorgin the fourth concrete a If%$as a

to X
plurality. RRFFetRavitRG dfrf g?%%tc’cﬁ?’f’eﬁtac%% 4%y apatt 1T13%% from each
other, or a TFT 32A having 27 20 _October 2005 a | ow current driving
capabi | i t ycaRETsLeFTx8BBIRatRAGELORRgRAEURR ATV AR apabi lity in this
case, connected in parallel with each other as a witing swtch. A positive
power suppF9rverpagéivedyi simpplfedngothegapef byuration of the '
| circuit. |
It is to be noted that while the third concrete

example is configured to 1ineafly change the éate

potential of the TFT 32 serving as the writing switch,

when it 1is difficul; to effect such continuous control

accurately, the third concrete example may be configured

to effect stebwise control. It is essential thgt the

third concrete example be configured to temporally

increase the gate potential of the TFT 32 gradually

within a brightness data writing cycle,.

[Fourth concrete example]
(ﬁ Fig. 13 is a circuit diagram showing a fourth

cpncrete example of the current driver 15. A circuit .

according.to the.fourth concrete example is also a unit

" circuit corresponding tc one data line, and a set of such

unit circuits corresponding in number with the n colpmns

forms the current driver

The circuit according to the fourth concrete

example has a plurality of TFTs having different current

driving capabilities from each other, or a TFT 322 having
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the TFT 32A. A witing pulse exhibiting a high level only around an end of
witing time of a scanning cycle is applied to a gate of the TFT 32B. The

" current driving capability can be determ ned by setti gg ch ngﬁb wi dt h and
channel length of the transistor. As an exanple of rel OesRenidit he 1 evel

of current driving capability between 'a TFT 31, the TFT 32A, and the TFT
32B, the current driving capability of the TFT 32B is set equal to or

hi gher 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 exanple will next be described with '

reference to a tim ngrdcha,rt, of Fig. ]]:1 Si nce t&gﬂg tzft%ng_r ‘;‘he'TFT 32A
havi ng a 1w UreEHEen rqrv‘i‘ﬁdlgcaﬁﬂ%]?’i EY 806 & b% HORE Suppl y
voltage Vdd, the TFT 32Ais in a conducting state at all times. By
appl yi ng chigh tqury Rl s ivd ncheapakd itk HE Fet s35B S ha R WP L High current
driving capability, the TFT 32B is brought-into a conducting state only
around an jencafall &8 withOstastiero 005 af ia iwig tHinge SWIREhTFTA32A |inits a
witing current Iw while the TFT 32B is not conducting, whereby power
“consunpt i giodstiedymatr ancbrdly tird tsare Mddrd s lheel iled dint regatdated (| ow
current) is driven properly through
the TFT 32A. A writing pulse exhibiting a high level only
around an end of writing time of a scanning cycle is
épplied to a gate'of the TFT 32B.
The current driving capability can be determined by
setting channel width and channel length of the
transistor. As an example of relation in the level of
current driving capability between a TFT 31, the TFT 323,
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 o6f the TFT 32A is set
lower than that of the TFT 32B.
(? 7 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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the TFT 32A. Consequently, the circuit according to the fourth concrete
exanple in effect lengthens the witing tinme for Iow—brightness data and

" shortens the witing tinme for high-brightness data. é 15 85p033| ble to
| ower current consunption involved in witing while r EANLY et’ig 0551 oper
witing operation. It is to be noted that while the fourth concrete

exanpl e has been described by taking as an exanple 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 witing swtch for two-step control of the witing '

current Iw. The fourth caoncre l.e.is not .limted to the two steps;
three or nBFEtiPensiRe orsTrh m%@lﬁéﬁ & SRR T & g[pabl lities
may be connected |nw¥)ar allel with each other for still finer stepw se

control ofwhhbectire PRT 348 atifli 8P breORME R entDeF $RY RP¥SDabi | i ti es of

~the plurality of transi stors connected in parallel with each other do not
necessar i | gorgumpt i&n oberr odocedhectnd cathethtd RNE F BPR. vE¥Wes from each

ot her; depending on a range of a current region to be controlled, a

conbi nat i disr ofh tuemesdd o s (1onel et rent )y arssidtioren @WWIBCL#}F@RQIHH Vi ng

~capabilities at the sane |evel may be

the TFT 32A.

Consequently, the circuit according to the fourth
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 fou}th 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 examp}e 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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used. The foregoi ng enbodi mrents have been described by taking as an
exanpl e a case where an organic EL device is wused as a display device of a
“pixel, and a polysilicon thin filmtransistor is used as an_active device
of the pixel so that the present invention-is applied?? 88 2%btive matrix
type organic EL di splay apparatus obtained by form ng the organic EL -
device on a substrate where.the polysilicon thin filmtransistor is
fornmed. However, the present inventionis not linmted 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
el ectroopti bri nt flow ng

pti C gevicg thgt vg%ies . ghtne?s accor in? to_adgurrg
therein. ARS88sEPi BE8dChhddE&IeFRBRELYRLRAE FROBNERSA' OFPRTE sICPRBIGP Tt i ng
current to a low level (or zero) in an early stage of _a witing cycle, and
t hereby refBca8sTaRECaPEr &gEUrVSRheT8F1PRet A PRI ANEHPLERE: ®t is therefore
possible to |ower power consunption. Wiile the preferred enbodi ments of
the presentogbinatbencbér tzensiphovat ipRlRdlBIbtEANEREEPTHEHAVERAY t he
specific ternms, such descriptionis for illustrative purposes only, and
it is to beunndetsfivdditbataphbhyesiaendavathat sams hayebemayskle wi t hout
departing fromthe spirit or scope of the
used.
The foregoing embodiments have been described by
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 transistorlis 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 f£ilm 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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following claims. 31 20 Cctober 2005 WHAT |S CLAIMED |IS: 1. An active
matri x- type display apparatus conprising: a pixel unit fornmed by arranging
" pixel-circuits in a matrix manner, said pixel circuits each having an
el ectrooptic device that changes brightness thereof att8fa¥id?% 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
awiting current that tenporally increases in magnitude of a current
value thereof within a cycle of witing said brightness data. 2. An active

matrix type disp|a pparatus as _clainmed in clajm1 ei.n: jd current
type pixel 1’8!Y?%€h‘b‘¥c$fa§ﬁ ?b?é?lhi ﬁis?ﬁib%i Sllr?é g{f}[r;r‘lf eﬁp\é@gfgcl oW e%'el in-an
early stage of the witing cycle, and begins toClFass sai d writinagmfurrent_
at an i ntereRdEgFETRBItAC i ki ROSaitd g V&) PP S n ORIy Mt i x
type display apparatus as claimed in claim?2, wherein: said curr%nt type
pi xel drivihgi%iF@ubﬁ gggpﬁ§tpgd that changes and variations may Dbe

made without departing from the spirit or scope of the

following claims.
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pass said witing current in early timng when witing 32 20 Cct ober 2005

| ow brightness data and in late timng when witing high- brightness data.
4. An active matrix type display apparatus as clainmed in claiml, 2 or 3:
wherein: said current type pixel driving circuit has a20@aeP&ERf0Siniting
device connected in series with said data line," and tenporally increases
the current value Ilimted-by the current limting device within said
witing cycle. 5. An active matrix type display apparatus as clained in
claim4, wherein: said current limting device is formed by a field- effect
transistor, and said limted current value is controlled by a gate voltage
of the field-effect transistor. 6. An active matrix type display apparatus
as 'cl ai WBATI ABSCCRARMED oFS65, wherein: said current limting device is
formed by a plurality of current Iimting devices connected in parallel

wi th each otheri. amdh tahe ipleumaltirtix dfypeurddemplayl appaingdudevi ces are
sequentially brought into a conducting state at a time interval within

‘sai d witibpgpreyche:
a pixel unit 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
suppliéd 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 magnitﬁde of a
current value thereof within a cycle of writing said
brightness data.
2. An active matrix type display apparatus as
C? | claimed in claim 1, wherein:
said current type pixel driving circuit limits the
writing currént to a low level iﬁ an early stage of the
. writing cycle, and begins to pass said wriﬁing 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 pixél driving gircuit begins to

pass said writing current in early timing when writing
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-7. An active matrix type display apparatus as 33 20 October 2005 cl ai ned
in claim®6, wherein: at |least one of said plurality of current limting

~devices has a current driving capability different from the current
driving capability of the other current liniting devi é&9ctobg200® dri ving
met hod of an active matrix type display apparatus, said active matrix type
di splay apparatus being fornmed by arranging pixel circuits in a matrix
mannher, said pixel circuits each having an el ectrooptic device that
changes brightness thereof according to a current flowi ng therein and
driving said electrooptic-device on the basis of brightness data supplied
as current via a data l'ine, said_driving nethod ‘conprisipg: supplying each

Brhe vho LRy RH

- of said pi teW-Brightpessi 4253 andatl 1pFRetWRERIVIFRLTRY t hat -
tenporally increases in magnitude of a current value thereof within a
cycle of briighhgesai dabi ghtness data. 9. An active matrix type organic
el'ectrol um nescence di splay apparatus conprising: a pixel unit formed by
arrangi ng pixel ofrcant scitd veamakrixx typendi spdalyd apbreip tesr 86i ts each
using, as a display device, an organic el ectrol um nescence device
claimed in claim 1, 2 or 3 wherein:

said current type pixel driving circuit has a
current iimiting device connected in series with said
data line, and temporallf increases the current valug

'1imited~by the current limiting device ﬁithiﬁ said
writing cycle.

5. An active matrix type display apparatus as
claimed in claim 4, wherein:

said current limiting device is formed by é field-
effect transistor, and said limited current value is
controlled by a gate voliage of the field-effect
transistor. |

(ﬁ ‘ 6. An active matrix type display apparatus-as

‘claimed ;ﬁ claim 4 or 5, wheréin:;

said current limiting device is formed by a.

" plurality of current limiting devices COnnecteq in
parallel with each other, aﬁd.the plurality of current
1imitingrdevices 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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having a first electrode, a second el ectrode, and an 34 20 Cctober 2005
organic layer including.a light emtting | ayer between the first '
el ectrode and the second el'ectrode, and driving said orggnic
el ectrol umi nescence device on the basis of brightness28etabadpdii ed as
current via a data line; and a current witing type pixel driving circuit
for supplying each of said pixel circuits via said data line wth a
writing current that tenporally increases in nagnitude of a current val ue
thereof within a cycle of witing said brightness data. 10. An active
matri x type organic electrolum nescence display apparatus as clained in
claim 9, wherein: said current witing type pixel driving circuit Ilimts
the witigdadmedeAn rdaam 6w WB@ERIPA an early stage of the witing cycle,
and begins to pass said witing current at an internediate point wthin
said ~witing cyateleddt dmeaefiseidnptnixlifypeobrganrent limiting
el ectrol um nescence display apparatus as clained, in claim 10,
char act er gz@ticeB hhat a saideatr dedvihygpeapekélityi difidecientufrobegi ns to
pass said witing current in early timng when witing |ow brightness data
and in | akget bQrRrenwhaRrivihgi 8gpAb@lity of the other current
limiting devices.
8. A driving method of an active matrix type
(ﬂ: ‘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
(ﬁ} line with a writing current that temporally increases in
Imagnitude 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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.brightness data. 35 20 COctober 2005 12. An active matrix type organic
el ectrol um nescence display apparatus as clainmed in claim 10 or 11 wherein:
said current type pixel driving circuit has a current |limting device
connected in series with said data |ine, andutenporall%)QﬁeW%g@E% t he
current value limted by the current Iimting device within said witing
cycle. 13. An-active matrix type organic electrolum nescence display
apparatus as claimed in claim 12, wherein: said current linting device is
formed by a field- effect transistor, and said limted current value is
. controlled by a gate voltage of the field-effect transistor. 14. An active
matri x type organiic electrolym nescence di spl.ay apparatus.as clained in
claim 12038ap3c (R¥LE Ancdyidngyfr i tiﬁ?FﬁﬁﬂXﬁb@ﬁggﬁ %EP8Ed by, a
~plurality of current Iimting devices connected in parallel wth each

ot her, andhehdigsir slecyrofecapfeths Seconsy sdafitcedear 8o JFeNtRgl |y

brought into a conducting state at a tine interval within said witing
‘ said organic electroluminescence device on the basis o

brightness data supplied as current via a data line; and

a currenf writing type pixel driving circuit for
supplving each of said pixel circuits via said data line
with a writing current that temporally increases in
magnitude of a current value ;hereof 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 Eo a low level in an early
stage of the writing cycle, and begins to pass said

(7‘ ‘writing current at an intermediate point within said
Wwriting 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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cycle-. 36 20 October 2005 15. An active matrix type organic
~electrolum nescence di splay apparatus as clainmed in claim 14, wherein: at
"l east one-of said plurality of current limting devices has a current
~driving capability different from the current driving2t@gelsr 2§0y of the
-other current limting devices. 16. A driving nmethod of an active matrix
type organic el ectrolum nescence display apparatus, said active matrix
t ype organi c el ectrol um nescence display apparatus being forned by
arranging pixel circuits in a -matrix manner, said pixel circuits each
using, as a display device, an organic el ectrolum nescence device having
a first electrode,_ a second.el ectrode, .and an r.gani ¢ |l ayer including a
light emtting | ajyye‘r %s&\%g:ﬁ_ve[ ﬁbatfrilrxsttyézfeeccfrrgoag-‘é%:nd the second el ectrode,
and driving said organic electrglum nescence _device gn.thg basif of .
bri ght nesse¥8ehretpPrneacg8ceuft RL Y| 3PRAGATYS| PieC 8ATEY i VTHY" met hod
conprising: supplying each of said pixel circuits via said data |ine wth
a witing éuriiénort hat whenpbral |y i ncreases in nagnitude of a current

value thereof within a cycle of witing-said brightness data.
said current type pixel driving circuit has a

current limiting device connected in series with said
data line, and temporally increases the current value

(;_ limited by thé current limiting device within said
o 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 curreant value is
controlled by a gate voltage of the field-effect
transistor.

‘ (?_ | 14. An active matrix type organic
electrolﬁminescence display apparatus as claimed.in claim
12 or 13, wherein:

said currenﬁ limiting device is formed by a
plurality of current limitingrdevices connected in
parallel with each other, and the plurality of current

' limiting devices are sequentially brough£ into a

conducting state at a time interval within said writing

cycle. .
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37 20 Cctober 2005 ACTIVE MATRI X TYPE DI SPLAY APPARATUS, ACTIVE MATRI X TYPE
ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRIVING METHODS THEREOF

ABSTRACT OF THE DI SCLOSURE An active matri-x type drspl ar&&ys of the
present invention includes pixel circuits each havrng 8‘33 ooptic
devi ce that changes brightness thereof according to a current fl ow ng
therein and driving said electrooptic device on the basis of brightness
data supplied via-a data line, and a current type pixel driving circuit
for supplying each of said pixel circuits wth a witing current that
tenporally increases in nagnitude of a current val ue thereof within a
cycle of witin of said brightness data. In the matrix type display
apparatus of. th preé%n?cFﬁ nPEbhI* FRBenBE%?RLGe of the current val ue
of the witing current is tenporally increased within the mwrtrng cycl e,
wher eby t 1§ Gl inaagadite |%1§H1rﬁ3ft APRYTF H YD RS é’vlé!l"(eéir e @R an
early stage of the witing cycle. Thus, the average value of the witing
current i $4redipeaing gure 6 38

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 érranging pixel circuits in a
ﬁatrix 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
-(ﬁg | the first electrode and the second electrode, and driving .
said organic electroluminescence device on the basis of
brightness.data éupplied as current via a data line, said
driving method comprising: ' ) v

supplyiné eagh of said ﬁixel circuits Via said data
line with a writing current fhat temporally increases in

A

magnitude of a current value thereof within a cycle of

writing said brightness- data.
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ACTIVE MATRIX TYPE DISPLAY APPARATUS, ACTIVE MATRIX TYPE"
ORGANIC ELECTROLUMINESCENCE DISPLA? APPARATUS, AND

DRIVING METHODS THEREOF

ABSTRACT OF THE DISCLOSURE

An active matrix type displiay apparatus of the
present invention includes pixel circuits each ﬁaving én
electrooptic device that changes brightness theréof
according to a current flowing therein and driving said
electrooptic device on the.basis of brightness data
supplied via a data line, and a current type pixel
driving circuit for supplying each of said pi#el circuits
with a writin§ current that temporally increases in
ﬁagnitude of a cu;rent ﬁalue thereof within a cycle of
writing of said brightness data. In the matrix type
display apparatus o%,the present invention,.the ﬁagnitude
of the current value of the writing'current is temporally

increased within the writing éycle, wheréby 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.

Figure 6
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