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 THERECF

BACKGRCUND OF THE | NVENTI ON The present invention relagﬁqkkﬁ,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 b@bymﬁeﬁﬁﬁﬁﬁﬁi‘hsQexclﬁfvﬁsmﬁiﬁxxe-b?fi:r ooptic
device, and driving methods thereof. For exanple, a |l iquid crystal display

using a liquid o&bﬁ%&%’E%%b&ﬂ%iﬂﬁlﬁh%%hﬁ%ﬂd%&%%% A@PRhf%bF ﬁt% large

nunber of pixels arranged in a matrix manner, contro intensity
in each pixel according to gy fg? Mﬂ% é% JRas to be dlsplayed to
thereby effect driving for |nage S he "Ssame display driving is
effected by an organic EL display using an organi ¢ EL device as a display
device of a pixel and the 1 20 Cctober 2005 - S

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 déﬁige 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 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 displéy
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 organic EL display is a so-called self- |um nous type
display using a light enmtting device as the display device of a pixel,
“the organic EL display has advantages such as higher §§§;§.'§$§5°f 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 c%gstal di splay, the organic EL display can use a passive -
natrix-net%% and an active matrix method as its driving nmethod. However,

the former has a_ sinple constructi ut__has probl ens h. as ifficulty
inrealizing a | a?ﬂéggi@h‘? dEFINI1S oﬁga‘g’sstﬁ’gv srrﬁJssjo't(‘?iaeleJ];%‘?iﬁl%l Btrix

met hod has recently been _actively  devel oped which controls a current
flowi ng t htBUGRORS FYERt APERY nBS4BYi Beldflhi ALt HIRGI BV FBaRE of an
active device al so disposed within the pixel, for exanple an insulated
gate fiel dtbefdéepipndeyior Pfypi BakeY. athai argarhetPhndispbey (BeT)). 2 20
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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 VWis applied to the data line 106, the TFT 104

conducts, the capacitor 103 is charged or discharged, 24RaP#de0% gate

potential of the TFT 102 becones the writing 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

“the OLED 101 | | t
VGe of thet TERCTHONE and e OLERL B0 R uEE A T TGRS A

-brlghtness correspondl to the value of the qurrenf. atlon of
sel ecting 1 %%a]i’lﬁ??&;h"gl?‘?\ea 15 e r%'?%trﬁtﬁf P% ‘f"ﬁg Jrlhs'f P of the

pi.xel brightness data supplied to the data, I|ne 106 wll _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 t10f | thphtTRE 104 |qc§dilb¢ﬁaghtmscmqllt%xlt03 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-mwhile selecting scanning lines 112-1 to

112-n sequentially by a scanning line driving circuit 113. A pi xel
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 matri-x 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 assive matri x type display
appar at us. 2 napf EGPPVEIﬁﬁtWF%tﬂysefépgaﬁlEOEEaaPséFaylna TEPe @8RAN 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 _
I nternational Publication Nunber W001/06484). As is clear fromFig. 3, the
~current witing type pixel circuit includes: an OLED 121 havi ng an anode
connected to a positive power supply Vvdd; an N-channel TFT 122 having a
drain connected to a cathode of the CLED 121 and a source grounded a

capaci tor 23 copnect ed b e of .the TFT und; a

- channel 4@1%’%/‘? ng edte |°r§'e t;lilctpel 0% ]afl%tl f netn?% gend a gate
connect ed to a scannln lipe 127; an N—channel TFT 12§U iing a drain
connect ed $FPC AR i thesPiep 12401 S34¢ FXI5UTOF Jrdum d’ 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‘%ﬁh@ﬁ% Vg 25th PRt PR 2T HNE R 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 |FhEe®Yr20$ prought 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_well-kn equation of a MOS
2 Ay

transi st or itt B&9f of | oAF hghRBEES: ApkA=15,SYRBIARR LT/ SRy a ..
(1) In the equation (1), Vthl is the threshold value of the,K TET 125; Al is
carrier nnbhEiﬁ?;mCEélv@%tgaﬁe vhpaeprfahnBethgeFaghi PLaltBs; PWES!s channel
width; and LI is channel Ilength. Then, letting Idrv be a current flow ng
through their@LWED 4Rdwnthe Eigredt bafigbtoesshdatar iensupgidefstocontrol | ed
by the TFT 122 connected in series with the OLED 121. In the pixel circuit
shown in Ftfe Bixeal ghi etBe20ccmt ofecuzZ®6ht.
| 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,

Lldrv = 122Cox2We/ L2/2 (Vgs - Vth2) 2 ... (2) Incident , .y a dition for
operation of a MOS transistor in a saturation region ?ébéQWEPQ%?y known to
be: Ivdsl > Jvgs - \tJ ... (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 Vt h = Vth2. Then, the followng is readily derived fromthe equation
(1) and the_eguation L Ldry/ = ) LCL2) L v w64 pegLfically,
even when Eﬂegég ﬁ%svéﬁéﬁgglégsk§F Tﬁﬁgﬁgérfég§0%§%FlF?&ﬂchghgggate
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 PHeF# R . 1Bnft ERAYTABEPRhEREES 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
o _ be:
(j 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 controlled 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 display apparatus using the current witing type pixel circuit

"consune direct current in driving a data Ilne For ggg %pg
assuned that, as realistic nunmerical values, maxi mu obe 28 MW|t|ng

current per data line is 100 /2 A, a supply voltage is 15 V, and,
supposing a full-col or XGA (extended graphics array) panel, the nunber of
data lines is 1024 X 3 (RG) = 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.

12




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
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sonme extent, for exanple, it is possible to perform practical witing

operation even within a finite witing tinme. However, the witing of a

small current basically requires a longer witing tinge thaP the witing of
A

a.... large current. This presents a serious problenlégﬁﬁe Ppysmhen
| 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,
whi ch an allowable witing tinme (scanning period) is in shortened. The
reason for its being a serious problemis that in order to conplete witing

oper ati ongMinbhbRrant Pr edet examped, peti 08, pbheiva bt togpeuEsemt needs to be
increased, but this results in an increase in power consunption. SUMVARY

OF THE | Ther PEESENEp L PYENLE OBV RSy PERIn MRAE h ¥ i @M @fng he above
problens#ygag%g?%%gfg of ?heppresent i%ven?ion %roviée an acti%% mat ri x

type displ e APRALAIAS:, AhAGH MAJRIIE X (HRA OTARNdn Elpadicithdy
appar atus, and driving nethods thereof that reduce power consunption
required fof, YELLI DG, BLLOM0EPe; 1g E0nECtRRE R0 iting of a

'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 increase 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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data while maintaining sufficient witing performance, and thereby enable
reducti-on in power consunption when a current witing type pixel circuit
is used. According to a first aspect of the present inyention, . ----there.
is provided an active matrix type display apparatus fo%ﬁ@ﬁowﬁgo%§ranging
pixel circuits in a matrix manner, the pixel «circuits each having an
el ectrooptic device that changes 'brightness thereof according to a
current flowng therein and driving the el ectrooptic device on the basis
of brightness data supplied as current via a data line, wherein a witing
current that tenporally increases in_ magnitude of a c%rrent val ue thereof

I

within a dpdlee vwfileymaintg imdacy spdicesd tyard G109 BFFLCERaPE each of the
pi xel circuits via the data line. According to a second aspect of the
present i andnttherebyt leeadlies nedugitdea dndpovesg COPSHER tdPRaiPERt Bve mat ri x
type display.apparatus, said active matrix type display .apparatus being
formed by cari2ng Reipiixe tyipecpikeli oigcuidt disx wsedner, said pixel circuits
each having an el ectrooptic “device that changes brightness thereof
according to axcUEEeMg ftoOWangikber aspeandodr ithiengpreaiedt dn¥enteeptic
device on the Qasis of” brightness data 15 20 Cctober 2005 supplied as
current vig a.data line, said driving method

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




conprising: supplying each of said pixel circuits via said data |ine with
a witing current that tenporally increases in nmagnitude of a current

val ue thereof within a cycle of witing said brightnegf daéa (gpcording to
a third aspect of the present invention, there is pro QePLA et i ve
matri x type organic el ectrolum nescence di splay apparatus conprising: a

pi xel unit fornmed by arranging pixel circuits in a matrix manner, said

pi xel 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 organigc. |l ayer including a light 1 tting Jayer. : he first
el ectrode W]fh%gs%%oﬁ‘br’é‘?ne%t‘r%t?de"f %}kaa gﬁ?ﬁ‘ng&ls(gi 1orga% c hod

el ectrol um nescence device on the basis of brightness data supplied as
current vi@P®WHetEYine; and a current witing type pixel driving circuit
for “supplying each of said pixel circuits vi,a said data |.i. with a
witing current SHRRIXEMpGRAN 25 fEEaFIFGh AR Sude or°3 r}"gﬁirartéﬂ"nt val ue
thereof within a cycle of ~witing said brightness data. 15a 20 .Cctober
2005 Accordimgy Whth 3 gt ngs ARt 1t 11 BT 3 e it Tit2sSheére i s
provided a driving nmethod of an active matrix type  organic

el ect r ol umamstierde of splayrTgfaralne grpof Within a cycle of

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.
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active matri x type organic el ectrol um nescence display apparatus being
formed 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 electrode, a second el ectrode, and an %QB%fH‘Peéz?oéyer
including a light emtting layer between the first electrode and the second
el ectrode, and driving said organic electrolum nescence device on the
basis of 'brightness data supplied as current via a data |line, said
driving nmet hpﬂcgggg{ﬁ?!w:atfgypm Vi £8 Sackr of hesal,b fUmte! i fRldritUichs Vi a said
data line wwth a witing current that tenporally i1 ncreases in magnitude of
a curr entpubuss (Rekaolod'h! By EngWiLENOL ¥ I B0rsaLdnbELOR DS data. |
the thus fornmed active nmatrix typ I splay apparatus or an active matriXx
type organic_EL display . apparatus usin n organi c_ EL device as the

of oct r oot TERHES | BR5C FF R HRLAT T UTRC 1 O¢ AR LGt PRRE* V5 Te D12 Ehe wri i ng
current is tenporally increased within the wifing cycle,. whereby the
wri ting ARTERE TRETTH DORE (oFePR by PLOEF TP LInInesesise SiFRLaYy st age of
the witing cycle. Thus, the average value of the witing current is

r educed. W (R ey LB PRSI ¢ e RRED

EMBODI MENTS Fig. | shows a circuit configuration of a voltage
matiiX manner, said pixel ¢ircuits each using, asa " -

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.
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witing type pixel circuit according to a conventional exanple; Fig. 2 is
a bl ock di agram showi ng an exanple of configuration of an active matrix

" type display apparatus wusing the voltage witing type ixebﬁ iécuit
according to the conventional exanple; Fig. 3 shows angF@ rﬁos' :
‘configuration of a current witing type pixel circuit according 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 show ng an exanple of configuration of an active
matri x type display apparatus using the current witing type pixel circui.t

aceor di ng. g, e SRR BKATL sl TBAAIRIRG © di agram of o

confi-guration o an active matrix type ay apparatus according to an

enbodi ment of the_present,invention; FLg A i Qpa re

di agram showi ng aﬁggex Pgwgfasf%ﬁ%?ﬁ%ecggf%ﬁug?gg§%08EL£d2§¥g%§g.Fig. 8

is a circuit_dLa%ran1showﬁnq.a_first 16 20 .Oct ober 2005 concretﬁ exanpl e of
5 L _

a data |in¥TdHiRInGYOe FEl FEFUIS AECRTEIMIN G % RafP PSP RE i r st

.concrete
“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
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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 i%OQGBgFgﬁwi di agr am
showing a fourth concrete exanple of the data |line driving circuit; and
Fig. 14 is a timng chart of the fourth concrete exanple. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi nents of the
present invention will hereinafter be described in detail with reference to
the drawings. Fig. 6 is a schematic diagramof a configuration of an

active matrix type displ appar at us accordi.ng. odi nent of the
present'in@@ﬂFF% € E%?@P?ét?gnai aF%e?ngoa?gafﬁg §?ff§gg'nade by taking as
an exanpl e a case_, where, an organic EL device is ed as an el ectrooptic
devi ce. of each piB&d; Ants 2 . FIWIRL fhach cffa‘hté? sftu%rs, fSPEF 20 Oct ober
2005 exanple a polysilicon TFT is used as an active device of each pixel
so that thexphesent invention is applied to an active matrix type organic

EL di spl ay appar at us obt ai ned
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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by-forming the organic EL device on a substrate where the 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 shown in2¢Pglobg28¢5 a circuit
of acircuit configuration shown in Fig. 4, for exanple, 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-m are arranged one for each of the

col umms ofextal® 1pi xelpQivisdUiicdnl *rrOie erRdoOfaseashacelvihaegata bignes 14-1
to 14-mis connected to an output termnal for each colum of.a current

driving typend@ikell iske tHaitViche precehnt (Reesicidht ¢k BﬁFfﬁgethQaﬁs current
driver) 15. The current driver 15 is supplied with 1 npu ata in the form

of V0|tag%c%ﬁéeanﬁ&&ﬁ&nQyB%'%ggBREcC%ﬁth&%@?ﬁ?thkgkgﬁugPBB?Q@ne he current

driver 15 wites brightness data to each cifcurts 11 through
e ot RS ghtnh el el 50 SRLORE AOR AR BRRTE SpBLelhgeture o
sectional ,8h LUGHYLeChsd" 197 9ATEEL device. As Ts clear
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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fromFig. 7, the organic EL device is forned by creating a first electrode
(for exanple anode el ectrode) 22 made of a transparent conductive filmon

"a substrate 21 nade of a transparent glass or the like, further creating
an organic layer 27 on the first electrode 22 by depo%¢9ﬁﬁbﬂ2%ﬁhole |
carrying layer 23, a light emtting layer 24, an electron carrying |ayer
25, and an electron injection layer 26 in that order, and then formng a
second electrode (for exanple cathode el ectrode) 28 nade of a netal on
the organic |layer 27. By applying a direct- current voltage E between the

first electrode 22 and the second electrode 28, light is emtted when an
electron and a hole are %%C i ned wi gch ot her Pe light emtting
|l ayer 24. In the PHuS*IR ??B%C'ffé]f?l‘?( t?‘beméﬁas‘b’f%yé PparHtus, the

current witing type pixel circuits 11 are formed using field- effect
transi st or ¥idpobgsAFFEBRPTRTAN Fhet APdleyday. T ef brdioWtheh the current
©- driver 15 is to be nounted on the sanme substrate as that of the pixel
“‘portion, isertigasirabractureopin fReotgpnéaAt Elrfoeices Ad Si¢ (Hligwy

field-effect transistors. However, the current 19 20 Cctober 2005 driver
may al so b€rébmr Réd.a%, atbercnganextEbnébvnoethe fpimed pyreremting this
case., the current driver 15 may also be fornmed using bipolar
transistors.flrst electrode (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

19
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A few concrete exanples of configuration of the current driver 15 wll be
described in the followng. [First concrete exanple] Fig. 8 is a circuit

" diagram showing a first concrete exanple of the current driver 15. A
circuit according to the first concrete exanple is a &@hPetob¢r2895 t
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, 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,
havi ng a ~ source grounded. The TFT 31 functions to convert the brightness

data voltage,into ﬁ current tg f%OM/tgrough a. datg I& e 141 J Ef% pr esent
exanpl e, hPEhVBEi §ht AB¥s*- 88t 8SvbPTRGE BBr PeSpbhdstto 8?5%? cufrént, that
is, witing current for high brightness. An N-channel, TFT 32, for exanple,

is inserteBl&glaPQFtirRg W tidh Detaren HriTF Gt e VAET 1L Yd one end
of the data line 14. A gate of the TFT 32 is supplied wth a.witing '

pul se. As shsenbénfarmedi wginvtapirelari Graneispor®tober 2005 9, the witing
pul se exhibits a high level only around an end of a brightness data
‘witing cycle, tatfdw, cancmrenxaprlad ef T fddutatg opulefe tibe commonl y
supplied to
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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the gates of the TFTs 32 disposed one for each of the colums. By applying
the witing 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 data is witten to2fRetopsr8S On the

ot her hand, during nost of the scanning cycle, during which the witing
pulse is at a low level, the brightness data is not witten and no

witing current flows through the data |ine 14. Thus, the TFT 32 functions
as a current limting device for |imting 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 HerfleR “é’FbWtLPl‘éi%‘?\de’blFﬂ?ﬂ'és %c]h’rﬁﬂti‘ nlge‘é‘iljclcél?flfta]f%uq fefore

clear that letting T1 be a period within one scanning cycle during which
period thenduofindpiakiness afa b Hght 1nd 1Y C Elfé‘bel%né“ scanni ng cycl e
period, direct-current power consunption by the,witing current is reduced
t 0 subst ant¢aning l¢vidl e 21 T2@ Gotidhiag 2005 ead sagammeonlyhsugphdent Fenal
exanples that performwiting throughout one scanning cycle period TO The
reducti on tHe tdet e idd nchd i TETS 032 | diwpogyoiverne for each of 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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consunption nmay cause a problemin witing | ow brightness: data, as
described in the section "Problens to be Solved by the Invention." Hence,
"thereis alimt to the reduction of the witing tinme, and consequently the
effect of reducing power consunption will be limted. A0OsbeR@%Toncrete
exanpl e, which will be described in the following, is provided as a
measure against this problem [Second concrete exanple] Fig. 10 is 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
| engthen witing tine at the tinme of |ow brightness and shorten witing
time at the tine of high brightness. _.A circuit _ accordi to_the.second
concrete eﬁénﬁﬁélP§taFgG CQ“%FP518PF&uFﬁa@QﬁF§S5@3 iﬁ&rggrgngrag%ggline,
and a set of such unit circuits corresponding in nunber with the n
col ums f otREORARORG PERt SEENRERT| FYFILG. PEF2°8 BOchannel TFT 41 and an
N-channel TFT 42 are connected in series with each other between a
‘positive power subpeyr&ddchhenacrbadvribped EHie FRr EPHRT RPYSF the form
of voltage to a gate.of the TFT 41 as 22 20 October 2005 well as a gate of
a TFT 31. Aopesimpicienr megt cpulseeai probpphi éd woihigat dowfbrhghttEgsg2. A
capacitor 43 is connected between the ground and a node N to which drains
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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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 input termnal ref of the
conparator 44. The conparator 44 conpares the conpari dbAPPBEv0l t age of
“the input termnal in wwth the reference voltage Vref. Only when the

_ conparison input voltage is higher than the reference voltage Vref, the
~conparator 44 outputs a high-level signal froman output term nal out. The
'signal outputted by the conparator 44 is supplied to a gate of a TFT 32
serving as a witing smﬁtch The circuit operation of the thus forned
second concrete exanple will next_be described. Flrst rior to operation

of writi ngwﬁﬂgﬁ?nésgaﬁﬁt af 3 BBEi ttve ﬁ'é%‘égtltldiﬁ FEgE Séf to the gate

of the TFT 42. The potential of the node Nis then reset to a | ow | evel.
when an i npppléedatoont agtei 8fappfi BBT| 42t hiks Goapstittar®d, 1%t he TFT 41 is
~brought into a conducting state to thereby charge the capacitor 43. The
potenti al oénbéeteddeetiweésn therebguidcarrdsadnedadiatd ywhich Xradsiober 2005
Then, when the potential of the node N exceeds the reference voltage Vref,
t he potentoﬂltmé Thes o4t pahd 42rareatomudnby ¢deneovgdr at or 44 |s changed
to a high .
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 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.

23




| evel to thereby bring the TFT 32 serving as the witing 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 é kes tinme to
charge the capacitor 43 and hence it takes tine for t%%0d6@¥ Tt al of the
node N to exceed the reference voltage Vref. Thus, for high-brightness
data, it takes tine before the TFT 32 conducts, and accordingly the
witing tine is shortened. Atotal witing tine can be adjusted by the
vol tage 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 tinme at the timne . of bri ght al reduce
the witing time Té"cent'hé”trtelnrré:%cﬁ pf?l%g%tt‘}railglﬂgn% S, nlotgi%l s%e%%ﬁ%%gl&eﬁ?ﬁ%y
possi bl-e to reduce power consunption required to_ w.te brightness data.
[Third coneeEReeRs@npPEia®e ovras: jhe ReTeRFIaki A He s‘HbW'%g a third
concrete exanple of the current driver 15. A circuit _accordinhg to the
third conctetrirzxhnpie ¢§ thecempanatori4tts IR one data
line, and a set of such 24 20 Cctober 2005 unit circuits corresponding in
nunber wi thetdéie to cohemelsy Boims the TAR rhtserving 3% the RS om Fi g.
11, the circuit according to '

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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the third concrete exanple is provided with a sawtooth 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 gener & 88°0%¢0¢he sawt oot h
signal generating circuit 51 is supplied as a witing voltage to a gate of
a TFT 32 serving as a witing switch (analog switch). The circuit
operation of the thus forned third concrete exanple will next be descri bed
with reference to the timng chart of Fig. 12. Around the tine of a start
of witing, the TFT 32 has a |ow gate potential, and therefore cannot

allow a fl oy\(_sof. re;%%l cur réant. nggeﬁ:i fli caA erbeaﬁvv?ﬂW\.ﬁ{% dc{lh vol t age
of a TFT 34*% ‘fﬁ’g‘h‘“( T e (IR ot i gh-"BT1 Ght'fiess da g-[], e TFT 32 has
a high inpedance and thus causes a great voltage drop. Thus, a drain
potenti al fUfMg HerpuBrens 45Wf%ed; so that the TFT 31 cannot operate in a
saturation region and allows only a low driving current to flow That is,
a witing currends| wsi §lepniteed By ohd 1TFFhg2cir5u36 @CFBREERE068 Wen the
i nput data voltage of the TFT 31 is low (at the tinme of |ow brightness.
data), on the @thet denekete exapls riente¥abided middyle @ EPEEMRT and the
TFT' 32,
- 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 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
i ' 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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and therefore the TFT 32 causes a snall 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 ' AFT 32 i mpd8&stobsid0Ps ni t ati on
on witing operation, and therefore the witing operation is perforned
properly. Around the tinmne 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 |engthens the

witing tinme ford’&l{“gn\_lv- ri ght ne gd%ggng%?‘ga?sgo(%feﬂ?ethi ting tjme for

hi gh- bri ght ness €5 ower current consunption

involved in witing while realizin roper iting eration, so, in
addition t&2fhEh&a meePFe&P§'9§19ﬂ5§gsﬁfgFﬁéqci?Equ a ?ﬁ?%%é%b t he
second concrete exanple, the circuit according to the third concrete
exanpl e el &nladt e§rrREtNELAWEOFREABIBORBES BF &r 31 4andnhe t TFPe?$ pheral
circuit required to be provided in 26 20 Cctober 2005 the circuit according
to the secand tbareépzeekhapPETfd?2 canghsdat anpihevalhtaghedEeR cuifts
~according to the third concrete exanple therefore has an advantage of

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
(} - éoncrete example in effect lengthens the writing time for
low-brightness data and shortens the writing time for
high-brigﬁtness 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

26




correspondi ngly 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'wwiﬁ%gg Swi t ch,

when it is difficult to effect such continuous contr ol 209¢€¢ @iy, t he
third concrete exanple may be configured to effect stepw se control. 1t is
essential that the third concrete exanple be configured to tenporally

i ncrease the gate potential of the TFT 32 gradually. wthin a brightness
data witing cycle. (Fourth concrete exanple] Fig. 13 is a circuit diagram
showi ng a fourth concrete exanple of the current driver 15. A circuit

cor respondthg Careue taarEoPRREY® 58, TR Beklpl SonBriRt exfhb Y, for
Circurt acEarh g Polehe toar thecrEreli asareande Eid ity of Trre
having different current_ driving capabilities fromeach other, or a TFT
32A havfngCQFCQGtebﬁéﬁ@Plzoégeée?BRPCBFFeHP afvIr kg aphbility and a TFT
32B having a high current driving capability in this case, connected in
paral | el mppnreaéhnéti_nqayagirapwgrr‘-ﬁg shpt gpnfpguration 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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positive power supply voltage Vdd is applied to a gate of the TFT 32A. A
writing pulse exhibiting a high I evel only around an end of witing tine of
" a'scanning cycle is applied to a gate of the TFT 32B. The curr ~driving
capabi lity can be determned by setting channel mﬁdthggﬁﬁuﬁﬂéﬁﬂél | ength
of the transistor. As an exanple of relation in the Ievel 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 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 exanple wll n@gt be des&*&@;& wi.th reference to a

timng chadtl@y ugrent SO (FPaph e Bf ae ar Bt % d ow current
driving capability is biased by the power supply voltage Vdd, the TFT 32A
is in a conditturyertatd iging [canakisl i tREm A S8 WIS it se to the
gate of the TFT 32B having a high current driving capability, the TFT 32B
i's broughtn ipen l elondudt igaghstathe sy aamguitd ngn seiid-<a¥- aA28 20 Cct ober
2005 writing tinme. The TFT 32A limts a witing current Ilw while the TFT
'32B i s notpainglises ipune mizarpellyy ponidragec OBt imeplisd dducediatendfat t he
sane tine, |ow - '

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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bri ghtness data (low current) is driven properly through the TFT 32A.
Consequently, the circuit according to the fourth concrete exanple in

" effect lengthens the witing tinme for |ow brightness gfha gng i ortens the
witing time for high-brightness data. It is thus pos$i BF8°¥F 4% oner
current consunption involved in witing while realizing proper witing
operation. It is to be noted that while the fourth concrete exanple 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

awiting switch for two-step trol .of, the w.ting current 1w The
fourth cont¥ebEr@xEHfT e i@%&ﬁﬁiﬁtlé&uttg’ tahé'rt]v\tbmsqgecﬁlsr;ret q:r é& or nore
transistors having different current drivjq? capabilities may be

connect ed ¥hikartre TP 348 b€ hnot ePRFYFt 91 | WAETRPY RY%¥9%i se control of

~the current. In addition, the current driving capabilities of the plurality
of transi storsunpriectes Fedpaedl |apd it Hactame hefmelo HH- necessarily 29
20 COct ober 2005 need to be of different values fromeach other; depending
on a rangebofghatwess etdta eflon ¢worbentonts ol istken o repeml nathomat
“transistors including transistors having _
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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current driving capabilities at the sanme | evel nmay be wused. The foregoing
enbodi nents have been descri bed by taking as an exanple 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?8B¢PRE2¥P the pi xel
so that the present invention-is applied to an active matrix type organic
EL di splay apparatus obtained - by formng the organic EL device on a
substrate where the polysilicon thin filmtransistor is formed. However
the present invention is not limted to this; the present invention is
applicable to active matrix type display apparatus in general use, as a
di spl ay devic a curren

( E of g pigelh fngon rol | ed b&ﬁﬁ elgcﬁroogéic devi ce
that varie8®eBr EGhPRe8E H¢ESFERRY VBIUSRUFFBR: SAF §erhef8PR1IART
descri bed above, the present invention'limts the witing current to a | ow
|l evel (or 9Br8)TpRIGNCEap| FUrEeRler8FianwiPt PRgCEPErellaAd ®hereby reduces
the average value of the witing current. It is therefore gossible to .
| ower powerovbhsatpeionf WiRheisherprepetvrddnenbsanfmeAtersf RAHERYr esent 30
20 Cctober 2005 invention have been described using the specific terns,
such descrcptirenti drivingl bapabaliviepuaposhs sahy, landl mayiketo be
understood that changes and variations nmay be
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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‘made without departing fromthe spirit or scope of the follow ng clains. 31
20 Cctober 2005 WHAT IS CLAIMED IS: 1. An active matrix type display

" apparatus conprising: a pixel unit formed by arrangln? i xel-circuits in

a matrix manner, said pixel circuits each having an %QFPB%BWﬁ% devi ce

t hat changes brightness thereof according to a current flow ng 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 witing current
that tenporally increases in magni tude of a current value thereof within a

cycle of witing, sai htne s dat 2.. An ac e AN A splay
appar at us 1RVeRFLFTe avﬁ S%ﬁéﬁ%ﬁ 11%&593 %%%re 538 ?%% dri ving

circuit limts the witing current tq a low. evel in an earl st age of the
Witing cygpreh éﬁ&CEéQFﬁQHTd“baggrsél UHEA Y T FPERTSEE OB YintEhedi ate

point within said witing cycle. 3. An active matrix type displa %Pparatus
as Claineﬂtihsctgihﬁ2pnaﬁéﬁépﬁd that changes and variations ma

made without departing from the spirit or scope of the

following claims.
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said current type pixel driving circuit begins to pass said witing
current in early timng when witing 32 20 October 2005 | ow bri ght ness data
and in late timng when witing high- brightness data. 4. An active matrix
type display apparatus as claimed in claim1, 2 or 3 #hEFePE208%id current
type pixel driving circuit has a current Iimting device connected in
series wwth said data line," and tenporally increases the current val ue
limted-by the current limting device within said witing cycle. 5. An
active matri x type display apparatus as clained in claim4,. wherein: said
current limting device is forned by a field- effect transistor, and said
limted current value is controlled by a gate voltage of the field-effect
transi st oWHAB. TANCBAINER hatri x type display apparatus as 'clained in
claim4 or 5, wherein: said current limting device is fornmed by a
plurality of curtemn lactitviengadeix eypeorriseley rpPragatalsd el with each
‘other, and the plurality of current I|imting devices are sequentially
brought ipbmpaisepgpducting state at a tine interval within said witing
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
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 pixél driving gircuit begins to

pass said writing current in early timing when writing
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cycle -7. An active matri-x type display apparatus as 33 20 Oct ober 2005
claimed in claim6, wherein: at |east one of said plurality of current
"limting devices has a current driving capability different from the
current driving capability of the other current 1initPhEcabsi2e®s. 8. A
driving nethod of an active matrix type ° di splay apparatus; said active
matrix type display apparatus being fornmed by arranging pixel circuits in
a matrix manner,. said pixel circuits each having an electrooptic device
t hat 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 pi xel ofrcaint scitdveamairipx tywendi spdalvd appretysr 88its each
using, as a - ;

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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di spl ay device, an organic el ectrol um nescence device having a first

el ectrode, a second electrode, and an 34 20 Cctober 2005 organic | ayer’
including a light emtting | ayer between the first electrode and the
"second el ectrode, and driving said organic el ectrol un?hesebs@d0devi ce on
the basi's 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 wth a witing current that tenporally
increases in magnitude of a current value thereof within a cycle of
witing said brightness data. 10. An active matrix type organic

el ectrol um nescence di splay apparatus as clainmed in claim 9, wherein: said
current weileimgdt ypecppi@l bdr WEeAGi&iircuit linmits the witing current to a
low I evel in an early stage of the witing cycle, and begins to pass said
witing current at heasntenecdf aseipaheradity oEaterrenttlihpgieinde. 11.
An~active matrix type organic electrolum nescence display apparatus as

cl ai med i ae@hiaem hie, acharaener Hréding thabbidatyddidfecentt §pempi xel
driving circuit begins to pass said witing current in early timng when
Witing the current driving capability of the other current

limiting devices.
8. A driving method of an active matrix type
(TZ 'diéplay épparatus, 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
(j} 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 apﬁaratus comprising:
a pixel unit formed by arranging pixel circuits in
a matrix manner.rsaid pixel circuiﬁs each using, as a
display device, an organic glectroluminescence device

having a first electrode, a second electrode, and an
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| ow- brightness data and in late timng when witing high- .brightness data.
35 20 Cctober 2005 12.  An active matrix type organic el ectrolum nescence
di spl ay apparatus as clained in claim10 or 11 wherein: said current type
pi xel driving circuit has a current linmiting: device cofh@ered20( series
with said data line, and tenporally increases the current value limted by
the current limting device within said witing cycle. 13. An-active
matri x type organic el ectrolum nescence display apparatus as clained in
claim 12, wherein: said current limting device is forned by a field-
- effect. transistor, and said limted current value is controlled by a gate
voltage of the field-effect _transi t_oi].St 14., An actianga rr%;terti X type organi c
el ect r ol uRKHEREENdBYET s JREYIEHETr &t dd90E AHiLHEFS A33°%i ReHY5<0r 13,
-wherein: said current limting device is formed by a plurali t.%/f-.of current
limting dbei £ézscoriestaadenanfatie Sechinth ed&Cr o0kar 24 & i ural ity
of current. limting devices are sequentially brought into a,
‘ said organic electroluminescence device on the basis of
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
(7‘ ‘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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conducting state at a tinme interval within said witing cycle-. 36 20
- COctober 2005 15. An active matrix type organic el ectrolum nescence disp
~apparatus as clained in claim 14, wherein: at |east one-of said pluralit
~of current linmting devices has a current driving capdbPeiohey2Q05f f er ent
~from the current ‘driving capability of the other current limting
devices. 16. A driving nethod of an active matrix type organic
el ectrol um nescence di splay apparatus, said active matrix type organic
el ectrol um nescence di splay apparatus being fornmed by arranging pi xel
circuits in a matrix manner, said pixel circuits each using, as a disp
device, an organigc, el ectrol um nesgence .devi ce ving a first el ectrode,
second el ect r ode,1%nd 2%h 2 FEni"E %ﬁﬁﬂt¥QﬁﬂQﬁﬂ%§}%alight enitting |ayer
between the first electrode and the second el ectrod .an& drivjng said
organi c el BLEEBrOMHEEERERCGeILERLBY RRBABELES BF Cﬁ??ﬂﬁ nﬁ%sc%%ﬁﬁ |
supplied as current via a data line, said driving nmethod conpri sing:
suppl yi ng 8achOobrsaidwhexeincircuits via said data line with a witing
current that tenporally increases in nmagnitude of a current val ue thereof
within a cycle ofsaid 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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writing said brightness data. 37
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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 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
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: ' ) \

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

i

magnitude of a current value thereof within a cycle of

writing said brightness- data.
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