20 Cct ober 2005 ACTI VE MATRI X TYPE DI SPLAY APPARATUS, ACTI VE MATRI X TYPE
ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRI VI NG METHODS THERECF

"FIELD OF THE | NVENTI ON The present invention relates t%o gcpgﬁg mat ri x
type display apparatus having an active device in each 3@? Ff |
controlling display in the pixel unit by neans of the active device, and a
driving nethod thereof, 'and particularly to an active matrix type organic
EL di spl ay apparatus using an organi c-material electrolum nescence
"(hereinafter described as organic EL (el ectrol.um nescence)) device as an -
el ectrooptic device, and a driving nmethod thereof. A liquid crystal

di spl ay udCidVE MAGRIS THYE AT SPAY| AZEARAGUSp| AFTISE MATHIX, T¥BE| , for
exampl e, has a large, nunber of pixels arranged in a matrix manner, and
control s | i gfiRGARIEh FALBL TR LEBRCINEA CENCRaduERIA ARPARKTISAtANIN of an i nage
to be displayed, thereby effecting driving for image display. The sane
display driving is effectakRbyliran aegoDs BiERE®pP! ay using a
current-controlled. type electrooptic device, for exanple an-organic EL
device as a display device of a pixel. The organic EL device has a
“structure formed by .1 20 Cctober 2005

FIELD OF THE INVENTION
The/présent inveﬁtioh relates to an active ﬁatrix
type display apparatus having an activé device in each
&”) | pixel and controlling display in the pixel unit by means
of the.active device, and a driving method thereof, and
particularly toran active matrix type organic EL display
apparatus using an organic-material electroluﬁinescence
{hereinafter described as organic EL
{electroluminescence)) device as an electrooptic dgvice,
and a driving method tﬁereof. |
A liquid crystal display using a liguid crystal
cell as a display device of a pixel, for example, has a
large,number of pixels arranged in a matrix.manner, and
controls 1light intensity in each pixel according to
information of an image to be displaﬁed, thereby
effecting driving for image display. The same display
driving is effectéd by an organic EL display using a
current-contrelled type electrooptic device, for example
R an- organic EL device as a display device of a pixel.

The organic EL device has a structure formed by




sandw ching an organic | ayer made of Oganic material including a |ight
emtting |ayer between two el ectrodes. Wen a voltage is applied to the
device, an electron is injected fromthe cathode into 6be grg&&gc-layer
and.a hole is injected fromthe anode into the organi% 8@ ¥ #"*and t hen
the electron and the hole are reconbined with each other to emt |ight.
The organic EL device provides a brightness of a few 100 to a few 10000
cd/m2 at a driving voltage of 10 V or lower, and is a self-lum nous
device. The organic EL device has advantages such as high inage contrast

and hi gh rs%%gi?fslp &gl%egqr 0 g‘é?j)]{icaria. rega?nia%eElbfd!o :,ae&cu%{aq:%rti%%. organi ¢ E

.device as a evi C a " prxeél 1s consi promsi’ng as a next-
generation _fl.at-.pane

di splay., ,As drivin t hods of the organj c EL
di spl ay, tHREFEIIATe 3 1590 B P LAERo R S4TiE <2 TGt ie\?‘e?cﬁgiﬂﬂ%? et hod.
The passive matrix _nethod emts light only at a nonent = when a |ight '
emtting dOFcé §PLERER pxepPridedeltectdd. dethice e PRSP ddtri x net hod
has a sinple construction, the passive matrix nmethod has problens such as
diffiCult9n3ﬁﬁtﬁéaﬁr?mn§h§ Féﬁ@@dﬁigﬁiéeﬁhﬁipﬁéﬁndpsﬂﬁéﬁﬁ @rd tshe ot her
hand, the active matrix nethod can naintain Iight emnission of the organic
EL. devi cehpheeashipiireked fopm- shepenipdd ohtonéeher amganded lelyeref ore may be
said to be a 2 20 Cctober 2005
and then the electron and the hole are recombined with
each other to emit light. fThe organic EL device provides
_iw) a brightness of a Few 100 to a few 10000 cd/m? at a
driving voltage of 10 V or lowér, and is a self-luminous
device. The organic EL device has advantages such as high
. image contrast and high response speed. Thus, an organic
EL display using the organic EL device as a display
device of a pixel is considered promising as a next-
generation flat-panel display.
As driving methods of the organic EL display, there
are a passive matrix method and an active matrix method.
The passive matrix method emits light only at a moment
" when a light emitting device of each pixel is selected.
While the passive matrix method has a simple construction,
the passive matrix method has problems such as difficulty
in realizing a large high-definition display. On the
other hand, the active matrix method can maintain 1ight

" emission of the organic EL device in each pixel for.a

period of one frame, and therefore may be said to be a
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driving nethod suitable for increasing size, resolution, ‘and brightness of
~the display. In an active matrix type organic EL display, a polysilicon
thin filmtransistor (TFT) is generally used as an ac?&&e ﬁeﬂ'& eina

pi xel circuit for controlling brightness of each pixef. e3)}id l'i ng
variations in ..characteristics of- the thin filmtransistor and
conpensating for variations in the characteristics of the thin film
transi stor by circuit nmeans are najor problens of the active matrix type
organic EL display using the thin filmtransistor in the pixel circuit.
This is for reasons ngioned . in the followng. Aliquid crystal display
using a |igutE s J%‘?'%FO& Ay tabl e, foTs inaF SdEiNGe sdreea Fissaludditrol s

| um nance data of each pixel by a voltage value. On the other hand, an
or gani ¢ EL2R%f prighidnits fs theniddgpdévdat a of each pixel by a current
~value. A configuration of a sinplest active matrix type organic EL display
using vol tage wERt PRgatypeepinsbrixi tgnet erganschBhmfisalay, shown in FI G
1. Acircuit configuration of a voltage witing type pixel circuit is
shown in EGy21lisomshdnim ifn ikl Grabsiamoact(irye) mikr genkypeler gaeidc EL

di splay has a | arge nunber of pixel circuits 101 arranged in a matrix
manner, anrd repeatts wr ideiviige3 i20aOptigber c2200it for controlling

brightness of each pixel. Controlling variations in

. characteristics of the thin film transistor and

{\) o compensating for variations in the characteristics of the
thin film transistor by c¢ircuit means are major problems
of the active matrix type organic EL display using the
thin film transis;or in the pixel circuit. This is for
reasgsons mentiqned in the follﬁﬁing.

A liquid crystal display using a liguid crystal
cell as a display device of a pixel controls luminance
data of each pixel by a voltqge value. 6n the other hand,
an organic EL display controls luminance data of each
pixel by a_current value, A configuration of a simplest
active matrix type organic EL display using voltage
writing type pixel circuitg is schematically shown_in FIG.

1. A circuit qonfiguration of a voltage writing type
pixel circuit is shoﬁn in FIG. 2.

As shown in FIG. 1, an active matrix type organic
EL dispiay.has a large number of pixel circuits 101

arranged in a matrix manner, and repeats writing



| um nance data by supplying the lumnance data in a form of voltage froma
vol tage driving type data |line driving circuit 104 through data |ines

105-1 to 105-mwhile selecting scanning lines 102-1 to 2- entially
by a scanning line driving circuit 103. A pixel arran&é%@ﬁpﬂés&yn1colunns

and n rows is shown in this case. O course, in this case, the nunber of
data lines is mand the nunber of scanning lines is n. As'is clear from
FIG 2, the voltage-witing type pixel circuit 101 includes: an organic EL
device 11.1 having a cathode connected to a first power supply (for
exanpl e negative power supply); a P-channel TFT 112 having a drain

connect ed @ igancgndaéaobyt Karelyanoc the lygaineeceldasnadia sofiex® connect ed
to a second power supply (for exanple ground); a capacitor 113 connected
bet ween aodatvelohgehérdmTaliR2landet Heiséogndypewdatastippeydraningn
N-channel TFT 114 having a drain connected to the gate of the TFT 112, a

source cordechéd to04t BRrodghadkine110bs(105-1 to 105-m)whand a gate
connected to the scanning line 102 (102-1 to 102-n). In.the thus forned

pi xel cirguibct@dg Ebendidglidnesehogts thei1ppxgl sé@heMbising By | um nance
data, and controls the capacitor 113 to retain the |um nance data voltage.

The capachb@hnidd 1ehai @s;bheg! uripanee; g3t a 2Q Goher 200! bage
supplied through the TFT 114. The TFT 112 drives
m columns and n rows is shown in this case. Of course, in
this case,'the number of data lines is m and the number
of scanniﬂg lines is n.
As'is clear from FIG. 2, the voltage writing type
pixel circuit 101 includes: an orgaﬁié EL device 111
having a cathode connected to a first power supply (for
'example negative rower supply); a P-channel TFT 112
having a drain connected to an anode of the‘organic EL
device 1117and'a source connected to_a secondlpower
supply {for example ground); a capacitor 113 connected
between a gate of the TFT 112 and the second power
éupply; and an N-channel TFT 114 having a drain connected
to the gate of the TFT 112, a source connected to the
data line 105 (105-1 to 105-m}, and a Qate connected to
the scanning 1ine 102 (102-1 to 102-n). |
In the thus formed pixel circuit 101, the TFT 114
" selects the pixel for writing the luminance data, and

.controls the capacitor 113 to retain the luminance data

voltage. The capacitor 113 retains the luminance data
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the organic EL device 111 according to the |um nance data voltage retained
by the capacitor 113. In this case, letting Lel be | um nous brightness of
the organic EL device 111, lel be a current flow ng §Qrough h e organic
EL device 111, Vth be a threshold voltage of the TFT $19°ORIEO, constant
of proportionality, and Vdata be the data voltage retained . by the
capacitor 113, when the TFT 112 is used in a saturation region, the
follow ng equation holds: Lel oc lel k(Vdata - Vth) 2 ...(l) where k =
1/2 . ,u Cox WL, wherein is nobility of the TFT. .112.,. Cox is gate

- capaci tance per unit area; Wis gate wdth; and L is gate length. As is

cl ear fromehea&guetRrhi ¢4 )thihwy athe BFT thed . c e P U@l ided ves t he
~organi ¢ EL device 111, that-is, the [um nous brightness of the organic EL
devi ce 11llthes orxfdreict 6iL lewiard dtlijorscdordirey nobi thée yldhi{GGE &)daafa t he TFT
112 and the threshold voltage Vth. In fact, it is known that anorphous
silicon antbpdgesiddtcomasad, tthe ardpddiecchFTidmyve inferior-crystallinity
and inferior controllability of the conducting mechanismto single-
crystal silicon, randntBusatbBe TETthag @eeabeVahindhibARs biflghtd@sEcheber 2005

transi stor characteristics. It is therefore difficult to
the organic EL device 111, Iel be a current flowing
through the organic EL device 111, Vth be a threshold
voitége of the TFT 112, k be a constant of
Q;)‘ proportionality, and Vdata be the data voltage retained
by the capacitor 113, when the TFT 112 is used in a
saturation region, the following equafion holds:

Lel ¢ Tel

= k(vdata - Vth)? (1)
where k¥ = 1/2 - 44 * Cox " W/L, wherein is‘mobility of the
TFT 112; Cox is gate capacitance per unittarea; W is gate
width; aﬁd I is gate length.

As is clear from the equation (1), the value of the
current supplied toc the organic EL dévice 111, that is,
the luminous brightness of the organic EL device 111 is
affected by variations in the ﬁﬁbility Ho{ k) of the TFT
112 and the threshold voltage Vth. In fact, it is known
that émorphous silicon and polysilicon used to form the
TFT have inferior.cryStallinity and inferior

controllability of the conducting mechanism to single-

crystal silicon, and thus the TFT has great variations in
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fabricate'a hi gh-quality organic EL display having a nunber of gradation
| evel s that nakes it possible to display a natural picture by using the

~voltage witing type pixel circuits. As a nethod for | Vi t pr obl em
the present applicant has proposed a current witing ?@ﬁ@“ﬁg§@F§ circuit
to which lumnance data is witten in a formof current (see Internationa
Publ i cation Number 01/06484). An exanple of configuration of the current
witing type pixel circuit is showmm in FIG 3. As'is clear fromFI G 3,
the current witing type pixel circuit includes: an organic EL device 121
having a cathode connected to a first power supply (for exanple negative
power —supptiAns i T (ehiie ¢ et abbchayilify ie  tdvexiaf aoniddifdduld &9 anode of
the organic EL device 121 and a source connected to a second power supply
(for exanitrigrdiind) highapml ity d2Bconnkict@shaweevingate of the TFT
122 and the second power supply; an N-channel . TFT 124 having a drain
connect ed nuwpkee rdatfa driania thi28; landela wate gnneci eddgs i fd risd  scanni ng
line 127A; a P- channel TFT 125 having a drain and a gate connected to a

source of dil@lByT aldtvand DiSUHIGE HOMEGILAHO dd1e: AL QA HGHeT - suppl y;
‘and an N-channel TFT 126 having a 6 20 Cctober 2005 drain connected to the
drain and tg@lepaketihe itehil?d, a '
| As a method for solving the problem, the present
" applicant has proposed a current writing type pixel |
i;> circuit to which_luminance data is written in a form of
curreﬁt (see Internatiomnal Puﬁlicétion Number 01/06484) .
An example of'configdration of the cﬁrrent writing type
pixel cirbui; is shown in FIG. 3.
As is cleaf from FIG. 3, the current writing type
pixel circuit includes: an organic EL device 121 having a
cathode connected to a first pqwei gupply (forrexample
negative power supply); a P-channel TFT 122 having a
drain connected to an anode of the ofganic EL device 121
and a sourqe connected to a secénd power supplyl(fog
example ground); a capacitor 123 connécted between a gate
of the TFT 122 and the second power supply; an N-channel
TFT 124 having a drain connectéd to a data line 128, and
a gate connected to a first scanning line 127a; a P-
channel TFT 125 having a drain and a géte connected tb a

source of the TFT 124, and a source connected to the

second power supply; and an N-channel TFT 126 having a
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“source connected to the gate of the TFT 122, and a gate connected to. a
second scanning line 1278. The TFTs 124 and 126 in the thus formed current

writing type pixel circuit each function as an anal og i tch. e TFT 125
converts a |uminance data current to be witten into ggg%F$3&83 The
capacitor 123 retains a |um nance data voltage obtained by the TFT 125 by
converting the lum nance data current into the voltage. The TFT 122
converts the |lum nance data voltage retained by the capacitor 123 into a
current and feeds the current obtained by the conversion to the organic EL
device 121 The TFT 125 and the TFT 122 forma current mrror circuit. An
active mat?iah R YET CELRE e Svndate o Ghe TR Ag5med by
arrangi ng such current. witing type pixel circuits in a matrix manner. In
FIG 4, fif¥rescamiatted it mate of HEATTTAd Secodd a gedeni ng- | i nes
127B-1 to 127B-n are both arranged one for each of rows of current witing
type pixelcqinadfiad thi8k cEuveshondinmgng i imele7B0i th m col ums X n rows
and arranged in a matrix nmanner. In each pixel, the gate of the TFT 124 in
FIG 3 is connectbd raTshe2&i agl seanphnghki 8Bud278rdesiocud2dcn and t he
gate of the TFT 126 in FIG 3 is connected to the second scanning |line

127B-1 towkdZBng. t7p20 p@xaben r200% Aabhr $uneeaBRi A hhnandibyi Ny circuit
132A is
switch. The TFT 125 converts a luminance data current to
ﬁ be written into a voltage. The capacitor 123 retains a
%g) . luminance data voltage obtained by the TFT 125 by
converting the 1uminaﬁce data current into the voltage.
The TFT 122 converts the luminance data voltage retained -
by the capacitor 123 into a current and feéds the current
obtained by the conversion to the organic EL device 121.
The TFT 125 and the TFT 122 form a current mirrbr circuit.
An active matrix type organic_EL display shown in
FIG. 4 is formed by«arrangipg such current writing type
pixel circuits in a matfix manner. In FIG. 4, first
scanning lines 127A-1 to 127A-n énd second scanning lines
1275-1 to 127B-n are both arranged one for each of'rows
of current writing type pixel circuits 131 corresponding
inAnumber.with m columns X n rows and arranged in a
‘matrix manner. In each pixel, the gate of the TFT 124 in
FIG. 3 is connected to the first scanning line 127A-1 to

127A-n and the gate of the TFT 126 in FIG. 3 is connected

to the second scanning line 127B-1 to 127B-n.




|
|

-plurality of pixe ( . . .
~data line 128-i i‘g t he tf%l?thf ormed active matrix type organic EL display

provided on a left side of the pixel unit to drive the first scanning
lines 127A-1 to 127A -n, while a second scanning line erving CI&CUII 132B
is provided on a right side of the pixel unit to driv e s scanni ng
Iings 127B-1 to 12%B-n. Data lines 133-1 to 133-n1are38bpﬁﬁa§§&pone f or
each of the columms of the pixel circuits 131. One end of each of the data
lines 133-1 to 133-mis connected to an output termnal for each colum of
a current driving type data line driving circuit 134. The data line
driving circuit 134 wites the lumnance data current to each of the

i xel s through the data |jnes .133- .1 tq 133-m A circuit _configuration of a
ol ur al P % f%ézlsfccuslctaémfélf- R & girﬂfﬂ&fl&"&'r’fﬁ&clléap*tbsan i th-col um

i s shown % FI'Ee%5 . #r F 1Ny EheIRtXoh Wettwden di&epithé@l circuits
is shown in FIG 6. Wen a lunminance data current is witten to a selected
pi xel cir duits % FGUgH thel W 13T U2 12758 -1, dtl lsc ansieegnidi ne

" (represented by W8 (Wite Scan) in the figures) and a second scanning |ine

(r epr esentsE@MRANES TR g vJoun)clinewite If32furies prave ded eat edrtighturn on
.the TFT 124 and the TFT 126 (see FIG 3). In this case, 8 20 Oct ober 2005
the TFT 128 dsomfertts thecdlummante datiaeC WheeRtedoRido s@anning lines

127B-1 to 127B-n. Data lines 133-1 to 133-m are airanged

cne for each of the columns of the pixel circuits 131.

One end of each of the data lines 133-1 to 133-m is

(s

connected to an output terminal for each column of a
‘current driving type dqta line driving circuit 134.'7The
data line driving circuit 134 writes the luminance data
éurrent to each of the pixels through the data lines 133-
1 to 133-m.

A circuit configuration of a plurality of pixel
¢ircuits 131-k-1 to 131-k+2 connected to an ith-column
data line 128-i in the thus formed active matrix type

‘w)- organié EL display ig shown in FIG. 5. A driving timing
relation between the pixel circuits is shown in FIG. 6.

When a luminénce data current is written to a
selected pixel circuit through the data line 128-i, a
first scanning line (representéd by WS (Write 8can} in
the figures) and a second scanning line (represented by
ES {Erase Scan}) in the figures) are selected to turn on

the TFT 124 and the TFT 126 (see FIG. 3). In this case,




vol tage. The capacitor 123 retains the voltage obtained by the conversion.
The TFT 122 converts the |lum nance data voltage retained by the capacitor
123 into a |lum nance data current and feeds the Iuninggée aé&P current to
the organic EL device 121 to thereby drive the organi clpbey ce 121.
Letting W be gate width of the TFT 125, LI be gate length of the TFT
125, W2 be gate width of the TFT 122, and L2 be gate |length' of the TFT
122, a witing data current Iw, |um nous brightn.e6s Lel of the organic
EL  device 121 of each of the pixel circuits  131-k-1 to 131- k+2, and a
current |el fl.Qw hr ough .the .organic EL .device 121 satisfy the

f ol 1 ow ng%rhéel a‘IﬁMo%:%st Ifec?n‘geésﬁseﬁ:he( 1Lr?a)ri‘isi/\vdleal_tla) CHLRENEONNAS Bs c| ear from

witten dat A currently is in proportion to the

t he equatioq g?ﬁ th% ] \ 5 !
current | &°H PG ngTRENFBRGAILAE dPdamrlatPsqélpcBoidagepiaimeie are no
variations in transis-to characteristics of the TFT 125 and' 122 disposed
in a | ocaPYat®g woriessdwa .pi Xer BRE 1P8r Abnyerhe therbwhimdneor circuit,
variations in the |um nous brightness of the display are conpensated for.
Thus, by d3taAgvehéager retiimeidt byg thepeapiaxdltosi LEAi tato9a20 COctober 2005
it is possible to realize an organic EL display having a

Iuminance data current and feeds the luminance data

current to the organic EL device 121 to thereby drive the

organi¢ EL device 121.
ix} ' Letting Wl be gate width of the TFT 125, L1 be gate

_1ength of the TFT 125, W2 be gate width of the TFT 122,

and L2 be gate length of the TFT 122, a writing data

current Iw, luminous brightness Lel of the organic EL

device 121 of each of the pixel circuits 131-k-i to 131-

k+2, and a current Iel flowing through the 6rganic EL

device 121 satisfy the following relation:

Lel ¢ Iel
= (W2/L2)/(Wi/L1) * Iw . o {2)
”} . As is clear from the equation (2), the written data

curregt Iwv is in proportion to the current Iel flowing
through the organic EL device 121. When there are ﬁo
vériations in transistor characteristics of the TETS 125
and 122 disposed in a local area within the pixel and

- forming the current mirror circuit, variations in the
luminous brightness of the display are compencsated for.

Thus, by using the current writing type pixel circuits,

9




| ar ge nunber of display.gradation levels, that is, a nunber of gradation

| evel s that nakes it possible to display a natural picture. However, when
| ow T um nance data is witten to a pixel circuit in tg acti trix type
organic EL display using the current witing type pix foﬁ?V%éﬁygaas

descri bed above, inpedance of the data line is increased, and therefore a
witing time required to wite the data current becones longer. In
practice, when size of one pixel is a few 100 PnEl or less-, a current
flowing through an organic EL device of one pixel is at nost a few 10 AA

or less. FEoqr .display.of many gradation |evels, for exanple 256 gradation
levels, ith §Sn&%e°'§éé}]f th® TEHYER 3R QFFEHHC B¢ 4 grde diayimevalo nA or

‘l'ess. In_order to shorten the data current witing tine, it suffices to
set a ni rRSESr BUnd et afhdispleentgnAdatdon dievaldist tthase iEWRAL2) < (W/LI )
and increase the witing data current. However, increasing the witing
current FREBRSTL bdt Jaageddtonc Ureverits rideds madkelse ipasead ibheowgh the TFTs
124 and 125. Then, size of the TFTs 124 and 125 needs to be increased,

whi ch resdlitplag annetareaseiicturwi.ze of the pixel circuit. Thus, in an
organic EL display wusing current witing type pixel circuits, shortening
the I10 20 Cct obeow&Pér dayRenw 1 6% NYuhi ABneadadesr easipoc the sbhze of the

pi xe

pixel circuit in the active matrix type organic EL

display using the current writing type pixel circuits as

i¥) described above, impedance of the data line is increased,
and therefore a writing time required to write the data
current becomes longer. In practice, when size of one

pixel is a few 100 Mmﬁ] or less, a current flowing

through an organic EL device of one pixel is at most a
few 10 ﬂLA or less. For display of many gradation levels,
for example 256 gradation levels, it is mnecessary to
control a current of a few to a few 10 nA or less.
In order to shorten the data current writing time,
;) it sufiices to set a mirror ratio of the current mifror
'.dircuit to be (W2/L2)} < (W1/L1l) and increase the writing
data current. However, increasing_the writing current
means that algreat‘current needs to be passed through the
TFTs 124 and 125. Then, size of the TFTs 124 and 125
needs to be increased, which results in an increase in
size of the pixel circuit. Thus, in an organic EL‘display‘

using current writing type pixel circuits, shortening the

10



circuits aré in a trade-off relation with each other- Letting the nunber of
scanning lines be Nscan and frane frequency be f, the-data witing tine
Twite is expressed by the followi-ng equation: Twite = 1/ (f. Nscan (3)
As is clear - fromthe equation (3), in order to increaé@(%ﬂﬁéggyé and
resolution-of the organic EL display, it is necessary to shorten the data
writing ti astzw.»_ﬁ_eiﬂadt%etQﬁdsaaergaggngeiﬁsaégzghsf%ég gixLhe pixel

circuits- Thus, both Shortening the data witing tinme and decreasing the

i “the sanciPHEEe Ebetho® R aBRRRY el i) RRERTrERFEnbBaP rent o of ¢ e

Betive matfix an OV T AR U 9 Hba e ST v 1 x

type organic EL display apparatus, and driving nethods thereof that niake
it possi bl EF¥Be | FEPERERCY hRe df spFR§ d_F3eWhhbIREsbINE| BHEbYer &8uci ng t he
data witing 'tinme  while preventing an increase in size of transistors in

a pixel cPrRIfISShNY atlkarfehtowdknd i eguaypenpi xel circuit is used. 11 20
Oct ober 2005 According to a first aspect of the present invention, there is
provi ded an act i Vermidter i=x t/\(fe" Hésphiay appar at us conpri si.ng: (3 pi xel

As is clear from the eguation (3), in order to
"increase the size and resolution of the organic EL
display, it is necessary to shorten the data writing time
Twrite and at the same time decrease the size of the
pixel circuits. Thus, both sﬁortening the data ﬁriting
time and decreasing the size of the pixel c¢ircuits in a

trade-off relation need to be satisfied at the same time.

OBJECTS AND SUMMARY OF THE INVENTION

Embodiments of the present inveéention provide an active

matrix type display apparatus, an active matrix

an active matrix type disp;ay apparatﬁs, an active matrix
type organic EL diéplay apparatus, and driving methods
thereof that maké it possible to increase the display
~size and resolution by ;educing the data Writiﬁg‘time
while preventing an increase iﬂ.size of transistors in a
pixel circuit when a current writing type pixel circuit

is used.
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unit formed by arranging pixel circuits in a matrix manner, the pixel
circuits each -having an el ectrooptic device; data line driving neans for

supplying lum nance data to the pixel - circuits as a data line current via
data lines; and current control means (hereinafter ded@Prleber28d5 a "data

l'ine control circuit" in enbodinments) for driving the data |ine current
supplied fromthe data line driving neans as a data current for witing the
| um nance data to each of the pixel circuits and a renaining, bypass
current. According to a second aspect of the present invention,  thereds . ...
provi ded an active matrix type display apparatus conprising: an

el ectrooptic devisg +Bi x&l | roed. by arranging pixel circuits in a
matri x manner, said E?iél C|#éﬁ?€%p%§E qjﬁt?ﬁﬁenfgﬁigﬁﬁ€é dﬁ?éeﬂé sai d

el ect r ooptéidgevirc echyveamstatia- t@éra&lﬂlﬁ%PLﬁ‘t%t chn%&@@m% da%?l % r alnd _
ro Ft ata |ine

current control neans for effecting cont such
current P8t dPFachly seirdnafabapideil neircsi suppl 4 @@t as: EnE@né}'Lat ?heCEEJEe%m to a
pixel circuit for witing the |um nance data and a remai ni ng bypass

current icSasisad ddunuaividgdain fe ANBJIRT PideRlicd ;M @da B D Cctober
2005 connected to the same data line.' According to a third aspect of the
present h@%@fﬂd”heans for supplying luininance data to the pixel

circuits as a data line curreat via data lines; and

current control means (hereinafter described as a “data

line control circuit” in embodiments) for driving the

datg line current supplied from the data line driving

means as a data current for writing the luminance data to

. each of the pixel circuits and a remaining bypass current.

According to a second aspect of the present invention,

there is provided an active matrix type display apparatus

comprising:

an electrooptic device;

a pixel unit formed by arrangiﬁg pixel circuits'in
a matfix'manner, said pixel circuits each writing
1uﬁinaﬁce data to said electrooptic device by a data’
currené supplied through a data line; and |

current control means for effecting control such
that part of a data line current for driving_said data

~line is suppiied'éé'the éata current to a pixel circuit

for writing the luminance data and a remaining bypass

current is'passed through a part of another pixel circuit

12




there is provided a driving nethod of an active matrix type display
apparatus, said active matri X type display apparatus including: an

el ectrooptic device; and current .witing type pixel circuits arranged in

a matrix manner, said pixel circuits each witing | uni?R&sber2d8ta. to said

- el ectrooptic -device by a data current_supplied through. a--data-line;-said )

dri ving JgaRd oY J,%ien@mr@ Wadiahg s Hdata line current for driving said E

[
data tine into the data current for witing the |um nance data to each.of .
said pixel circuits and a remaini ng bypass current, and thus supplying the
data |ine currd@eordithrtdl g thé rd pspech afpdwe pofeseld presehionnventi on,
there is provided a driving nethod of an active matrix type display
appar at tbergaig peevidedm dnivipgemgtbpliagf appamtdves matciudtpmge an e
| ectrooptic device; and current witing type pi'xel circuits arranged in a
mat ri x mEmpdRy gaiakaiiveel cdid wdisiwaai ik itypd uWispmee data ‘to said.
el ectrooptib device bya data current supplied through a data line, said

dri vi ng applaiad ueo ipd1sidigy S WP el i figtidf aevdaled ldde Qi for .
driving said data line as the data current to a pixel circuit for witing

the- | univiarsaqd@ydeapd xas Tittud dLRINNHR PRt a oh il dahdhdyd, ne current
as a bypass current through a 12a 20 Cctober 2005 part of another pixel
circuit saeangeied t9rbi¢csalRclatAiting luminance data to said
electrooptic device by a data current supplied through a
data line, said driving method comprising:
dividing a data line current for driving said data
line into the data current for writing the luminance data

.to each of said pixel circuits and a remaining bypass

current, and thus supplying the data line current.

According to a fourth aspect of the present invention,
there is provided a driving method of an active maérix type
display aﬁpéiatus, said active matrix type display

- apparatus including: an electrooptic device; and éurrent
writing type piiel circuits arranged in a matrix manner,
said pixel circuits each writing luminahce data to said
electrooptic device by. a data currenﬁ supplied thfopgﬁ a
&éta line, said driving methﬁd qomprising:

supplying paxrt of a data line current for driviﬁg
said data line as the data current to a pixel circuit:for-

_:writing the- luminance data and passing A remainiﬁg part

of the data line current as a bypass current through a
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line. According to a fifth aspect of the present invention, there is

provi ded an active matrix type organic electrolum nescence display
apparatus conprising: a pixel unit fornmed by arranging current witing type
pixel circuits in'a matrix manner, said-pixel circuit30aeberB¥fi ng an
organi c el ectrolum nescence device with a first electrode, a second

el ectrode, and an organic layer including a light emtting |ayer between
.the first electrode and the second. electrode, and said pixel circuits
each witing lum nance data by a data current supplied through a data
line; data line driving neans for supplying lumnance data to said pixel
circuits Bart oatmothere pixekntiwiwi t dadinddes; t@nthe Wamentdaent rol neans
for dividing the data line <current supplied fromsaid data |ine driving
means i nthindhe data current for witing the |um nance data to-each of
said pixel circuits and a remaini ng bypass current, and thus driving the
data line.current. 12b 20 Cctober 2005 According to a sixth aspect of the
present inventifomordiher €eoi 8 pi v dethbeait adt ithe pREEEXE tVPeeradigani C

el ectrol um nescence di splay apparatus conprising: a pixel unit formed by

ar r angi nghery rientprwiiitiedgan active matrix type organic

électrolumihescence display apparatus comprising:

a pixél.uﬁit formed by arranging current writing
type pixel circuits in a matrix manner, said pixel
circuits each having an organic electroluminescence
device with a first electrode, a second electrodeh and an
organic layer inéluding a light emitting layer between

- the first electrode and the second electrode, and said
_pixel circuits each writing luminance data by a data
-current supplied through a data lihe;

data 1ine driving means for supplying luminance
data to said pixel circuits as a data line current via
data lines; and

current control means for dividing thé data line
current supplied from said data line driving means into
the'data‘current for Writipg the luminance data to:éach
of said pixel circﬁits and a remaining_bypaés current,

.and thus driving the data line current.
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~and said pixel - circuits each witing |um nance da

type pixel circuits in a matrix manner, said pixel <circuits each having an
organi c el ectrolum nescence device wth-a first electrode, a second

el ectrode, and an organic layer including a light emtting |ayer between
the first el ectrode and the second el ectrode, and sai d 208icber 290% cui t s each
writing |um nanee data by a data current supplied through a data |ine; and
current control neans-for effecting control such that part of a data line
current . for driving said data line is supplied-as th-e data current to a
pi xel circuit %pr mmlting the | um nance data and a remai ni ng bypass
current is passEGCPRFOGNTE PaFfixdt aRAteriitkel PEpFent t IntTHNatted to the
sane dat%;line“ According to a seventh aspect of, the present invention,
there is 6F3Wi&gdpﬁoaﬁﬁ9gnﬁnn%@?kﬁﬁ(ﬁaﬁﬂixaéwpﬁeoﬁﬁﬁﬁi% type organic

el ectrol um nescence di splay apparatus, said active matrix type organic

el ectrol usl mescenarifbspeaye appalalusphehedbNgonpiikent . Witing type
pi xel circuits arranged in a matrix manner, said pixel Circuits each

havi ng ‘an ‘or gania ji,Rel Nol SN ASEENTSY U8y 4 Mg LA T L2620 Ootober

2005 el ectrode, a second el ectrode, and. an organic layer  Tnc %ding a
i ght emiyigacdaverchetyeen Hhea fidelixshaplsodesand fhg, pecond el ect rode,
a ny

a data current
circuits each having an organic electroluminescence
device with a first electrode, a secbnd electrode, and an
organic layer including a light emitting layer between
the first electrode and the second electrode, and said
rPixel circuits each w:iting luminance data by a data
currént supplied through a data line; and

current control means for effecting control such

“that part of a data line current for driving said data
line is suppl%ed as the data current to a pixel circuit
for writing the iuminance data and a remaining bypass

current is passed through a part of another pixel circuit

‘connected to the same data line.

According tora seventh aspect'of the presentrinvention,
there is provided a drivihg method of an active-mattix type
ofganic electroluminescence display abparatus; saidA'
active matrix tyge drganic electroluminéscence display
apparatus including-current.writing type pixel circuits
‘arrangeé in a matrix manner, said pixel circuifs eacﬁ

having an organic electroluminescence device with a first
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.supplied through a data line, said driving nethod dividing a data |Iine
current for driving said data line into the data current for witing the

| um nance data to each of said pixel circuits and a rennining bypass
current, and thus supplying the data line current. Accé?8rtebert?8%%an eighth
aspect of the present invention, there is provided a driving nmethod of an

active matrix type organic electrolum nescence display apparatus, said
m nes¢ence di-s rat us i ncl udi ng

active ri x_type organic_el ectrol ay_ appa
| currentr%a\.hE Fﬁ%ﬂr)ypae % 7 Rprd C‘F]r‘?:‘aﬁ%él%f r &h e?lnl?rr%a‘ﬁfb‘fr}ﬁggﬁnner said pixel
circuits, eajg havi or anl ¢ electroluni nescence device wit h a first

el ect r od&:€ ’etb%natln‘g’r%&'f CCing LBver RereesnyEhe fhEfhding a |ight

n .t he flrst el ectrode and the second el ectrode, and

enlttlng I (ﬁ;
said pi Xt 'f’?% (AR FFIIHY FI6F et BRD $RAG RX%l current  supplied

t hrough a data |line, said driving nethod  supplying part of a data |ine
“current 'SLEFH G (SAGHY W E G AW itaRe e da i Hatk cgad? HEXY R pi xel

circuit for iting the |um nance data and passing a remaining part 12d
20. Oct olf’é‘rp%% dﬁ‘h’%%sglhét £aGand i r stihd yade ¢ ent through a

part of gnother pixel circuit connected to the sane data |ine. The current
controlqﬁﬁﬁﬂinQMﬁ(ﬂ? §;k%ne current for driving said data line '

into the data current for writing the 1uminance data to
each of said pixel circuits and a remaining bypass

current, and thus supplying the data line current.

According to an eighth aspect of the present invention,
there is provided a driving method of an active matrix tYpe
organic electroluminescence display aﬁparatus, said
active matrix type organic electroluminescence display
apparatns'including current writing type pixel circuits
afranged in a.matrix manner, said pixel circuits each
having an organic electroluminescence device with a first
électrode, a secqnd electrode, and an organic layer
including a light emitting iayer between the first
electrode and the second electrode, and said pixel
circuits each writing 1uminahc; datalby'a data current
supplied throﬁgh a data line, said driving method
éupplying pért of a data line current: for driving said

_ data line as the daéa current to a pixel circuit for

writing the luminance data and passing a remaining part
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characteristic part of the present invention, handl es the bypass current
of the data line current. It is thereby possible to substantially reduce
time for witing the data current flow ng through TFTs provided in the
pixel circuit. In addition, when the witing tinme is 3@Pctohei@d&hged,
transi stor size of the TFTs provided in the pixel circuit can be reduced.

- An organic EL device having a first electrode, a second el ectrode, and an

organic layer including a light emtting | ayer between the first

el ectrode and the second el ectrode, for exanple, is used as the

el .ectrooptic device in the present invention. 12e 20 Cctober 2005 BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a bl ock diagram show ng a '
configuration. of an active matrix type organic EL. display using voltage

witing b¥penRi ¥8laChhigl b8rrEBh® ad 8N8YHadsCicheiich tCmfdogighati on of a
voltage witing type pixel circuit; FIG 3 shows a circuit configuration

 of a CUrEERE oW khbRflekYBExRXek i €UkbnnELEeds ths tachkagk datar am showi ng
a configuration of an active matrix type organic EL display using current
writing {ype pixel circuits; FIG 5 shows a circuit configuration of a
plurality of pixel circuits connected to an ith-colum data line in -
The current control means, which is a

characteristic part of the present invention, handles the

bypass current of the data line current. It is thefeby

possible to_Substaﬁtially‘redpce time for writing'ﬁhe

data current flowing phrough TFTs pfovided in the pixel

circuit. In addition, when the writing time is set

.unchanged, transistor size of the TFTs provided in the -

pixel circuit can be'reduceé. An organic EL device hgving

a first eleétrdde, a second electrode, and an organic

layer iﬁcluding a light emitting layer between the first

electrode and the second electrode, for example, is used

as the electrooptic device in the present invention.
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a conventional exanple; FIG 6 is a timng chart of a driving timng
relation in the ith colum in the conventional exanple; FIG 7 is a

schematic diagram of a configuration of an-active natr,) ﬁ'splay
apparatus according-to a first enbodi ment of the presgh?kk%ggw %on; FI G
8A shows a circuit configuration of a plurality of pixel, circuits
connected to an ith-colum data line in the first enbodinent, and FIG 8B
is a conceptual diagramof circuit operation of the present invention; 13
20 October 2005 FIG 9 is atimng chart of a driving.timng relation in

the ith colism ohddhe drire | BllizydG 10 shows a circuit

configuration of a plurality of pixel circuits connected to an ith-colum
data 1 ne, i opgend eniog gent B Gerdh ety hlaRbRlieHaR 2 o
12 is a tigi%% c%&gt g%étpg a driviQ%:thjn% %ela;ion' Lp the_ith colum in
the second*efbodicent; "AIFE ¥ FYPS QTENAG ELdA§PaMYs HEWFAg Yah t8%&npl e of
configuratiqgn,other than a_four-transistor configuration of.pixel -
circuits;WFF@E“§4tygeapﬂﬁﬁﬂngléﬁéﬁﬁsdf a driving tining
' FIG. 2 shows a circuit configuration of a voltage
writing type‘pixel circuit;
FIG. 3 shows a circuit configuration of a current
3;} writing type pixel circuﬁt;
FIG. 4 is a block diagram showiﬁg a cdnfiguration
of an active matrix type organic EL display using cﬁrrent
writing type pixei circuits;
FIG. 5 shows a circuit configuration of a plurality
of pixel circuits connected to an ith-column dafa line iﬁ
a coﬁventional example;
FIG. 6 is a timing chart éf a driving timing
relation in the ith column in the conventional example;
FIG. 7 is a schematic diagram of a configuration of
an-acﬁive matrix type displayzaﬁparatué according to a
first embodiment of the presént invention;
FIG. 8A shows a-cifcuit‘configufation of a
plurality of pixel circuits connected to an ith-column
data line in the first embodiment, and FIG. 8B is a
conceptual diagram of circuit opefation of the present

invention;
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rel ati on when a scanning. TFT and a current-to-voltage conversion TFT are
shared between two pixels; FIG 15 is a schematic diagramof a
configuration of an active matrix type display apparat 6 accaording to a
third enbodi ment of the present invention; FIG 16 shoﬁfi 5Lopsr 289 t
configuration of a. plurality of pixel circuits connected to an ith-colum
data line in the third enbodinent; FIG 17 is a timng chart of a driving
timng relationin the ith colum in the third enbodinent; and FIG 18
shows a circuit configuration of a 14 20 Cctober 2005 plurality o.f pixel
circuits connectg%d tg an ith-colum data line jn g fourth enbodi nment. .

DETAI LED DESCRI PHN “OF PREFERRES ENBGH MENFS dridtidrd ddMig%hodi nent s of t he

present inventjon will .hereinafter be described in detail with reference
to the drabdhRe jithe ERboeeheng|irx e 7£ixsy geheb@reetdi agram of a
configuration of .an active matrix type display apparatus according to a
first enbodi nenfI&. tlfe ghoasemt dinvaritt eenfBesceititnoefim the fol | owi ng
w |l be made by taking as an exanple an active matrix type organic EL
di spl ay apparativsy fof netkely cisdntancoaimganied Blo davieh asolumn
current-controlled type
data line in a second embodiment;
FIG. 11 is a timing chart (1} of.a driving timing
relation in the ith column in the secondrembodiment;
Jx) | FIG. 12 is a timing chart (2) of a driving timing
relation in the ith column in the second embodiment;
FIG. 13 is a circuit diagram showing an example of
configuration other than a four-transistor configuration
of pizxel circuits;
FIG. 14 is a timing chart of a driving timing
relation when a scanning TFT and a current-to-voltage
conversion TFT are shared between two pixels;
FIG. 15 is a schematic diagram of a configuration
of an active matrix type display apparatus according to a
third embodiment of the present invention;
FIG. 16 shows a circuit configuration of a
plurality of pixel circuits connected to an ith-column
data line in the third embodiment;
FIG. 17 is a timing chart of a driving timing

‘ relation in the ith column in the third embodiment; and

FIG., 18 showse a circuit configuration of a
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el ectrooptic device and a polysilicon thin film transistor as an active
device, and formng the organic EL device on a substrate where the
polysilicon thin film transistor is forned. The sane is-true faor

enbodi nents to be described later. In FIG 7, current23P5PPhag%ype pi xel
circuits 11 corresponding in nunber with mcolums X n rows are arranged
in a matrix manner. First scanning lines 12A-1 to 12A-n and second
scanning lines 12B-1 to 12B-n are both arranged one for each of the rows
of the pixel 15 20 Cctober 2005 circuits, 11. A first scanning |line driving
circuit 13A i .provi.ded on a.l eft side of th ixel ynit to drive the
first sca %Pﬁ%lﬁgxégflfﬁyfqtSlrfﬂAPﬁ,CRHPFEtﬁgsEEOﬁB 1EBARRLHB™ i ne dri vi ng
circuit 13B.is_provided gn a ri%ht side of the pixel unit to drive the
second sc8Rfifn§iPEnde al%BFftPo pbRAiRengata |ines 14-1 to 14-mare
arranged one for each of the colums of the pixel circuits 11. One end of
each of the data lines 14,-1 to 14-mis connected to an output term nal
for each colum of a data line driving circuit 15. The data |ine driving
circuit 1BERALELEE BREPORLAZAON OHaPBEEHRRENt EMBOBAMANDE t he pixel circuits
11 through the data lines 14-1 to 14-m Data current control circuits 16
are provi ded forPmexdarmted cambddimeacdh cff thwe moddaums ifvention will

.hEreinafter be described in detail with reference to the

drawings.
E;j [First embodiment]

FIG; 7 is a schematic diagram of a configuration of
"an active matrix type display apparatus according to a
| first embodiment of the present invention. Description in
the following will be made by taking as an example an
active matrix ﬁype organic EL display apparatus formed by
using an organic EL device ag a current-controlled type
electrooptic device and‘a polysilicon thin film
transistor as an active device, and forming the organic
EL device on a substrate where the polysilicon thin film
transistor is formed. The same is ‘true for embodiments to
be described later.

In FIG. 7, currentlwriting type pixel circuits 11
corresbonding in number with m columns X n rows are
arranged in a matrix manner. First scanning lines 12A-1
to 12A-n and second scanning lines 12B-1 to 12B-n. are

- both arranged one for each of the rows of the pixel
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the pixel unit at for exanple an upper end portion of the pi xel unit. A
current control scanning line 17 is disposed coomonly to the data current

control circuits 16. The current control scanning lin 71]S &#iven by the
first scanning line driving circuit 13A. Acircuit conﬁ?éﬂ?g¥? of a
plurality of pixel circuits 11-k-1 to 11-k+2 connected to an .ith-colum
data line 14-i in the thus fornmed active matrix type' organic EL display
apparatus will be shown in FIGS. 8A and 8B. The pixel circuit 11-k
includes: an organic EL 16 20 Oct ober 2005 device 21 having a cat hode

connect ed fJ 1 st, povwer., ppl for exanple. negative ppwer. supply); a
P- channel éfﬁé#ﬁ$£ﬁ§Vin§e£15§§i%c%%éﬁggtgﬁn?oérﬁhl %o%%r%$th£3Ao$ganic EL
device 21 . and ource .cannegted to._ a second power supply (for exanple
ground) ; efﬁﬁﬁﬁﬁ%iiﬂn 3 1etdnfdEfe8inbbReBhxglgpé toFot RELIYETERS and the
second power supply; an_N-channel TFT 24 having a drain connected to the
dat a |ine fE&St SeR@ndngatdnegnhddr ddtrol2a-pirshideannsagonine 12A-k; a
P-channel TFT 25 having a drain and a gate connected to a source of the
TFT 24, affangisguldaecdypzénadciscuhé $8Bond poweidsdpphya ahdhh P-
channel . TFT 26 having a drain connected to the drain and gate of the TFT
25, a soumrddecodnébeedikelt heigate dtivhethdFIe@@ndasdaaniayeltnanected to

a second scanning |ine
" 12B-1 to 12B-n.
Data lines 14-1 to 14-m are arranged one fof.each
. " of the coluﬁns of the pixel circuits 11. One end of each
of the data 1ines 14-1 to 14-m is connected to an oufput
terminal for each column of a data line driving circuit
15. The data line driving'circuit 15 writes a luminance
data current to each of the pixel circuits 11 through the
data lines 14-1 to 14-m. Data currenﬁ control circuits 16
"are provided for example one for each of Ehe columns of
the pixei unit at for example an upper end portion of the
pixel unit. A current control scanning line 17 is
disposed commonly to the data current control circuits 16.
.The current control scanniﬁg line 17 is driven by the
first scanning line driving circuit 13A. |
A cifcuit configuration of a plurality of pixel
~circuits 11-k-1 to 11-k+2 connected to an ith-coiumn data
line 14-i in the thus formed active matrix type organic

EL display apparatus will be shown in FIGS. 8A and 8B.

‘The pixel circuit 11-k includes: an organic EL
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12B-k. The TFTs 24 and 26.in the thus fornmed current witing type pixel
circuit 11-k each function as an analog swtch. The TFT 25 converts the

lum nance data current to be witten into a voltage. The capacitor 23
retains a | um nance data vol tage obtai ned.by the TFT 2%399dEﬁﬁW§rting t he

| um nance data current into the voltage. The TFT 22 converts the | um nance

. data voltage retained by the capacitor 23-into a current and thereby drives
the organic EL device 21. The TFT 25 and theTFT 22 have 17 20 Cct ober 2005

substantially the same characteristics, thus formng a current mrror
the_TFT 24 L11 be gate

circuit. | hi.s ,Ga Jdet WLl .be-gate wi dth.o J
d%v&@ q QVﬁh ? g
| ength of the fﬁf 2%, % 8908§ gd%iggﬁngfkegh OTinﬁg?taﬁﬁwfiz be gate
| engt h ofsghelTFTfZS. Al so let 1wl be a current flow ng through the TFTs
24 and 25°5YPElcd §§tgxﬁgﬁéﬁhnﬁgaééﬁgrBPVﬁrCSHPPbYledabﬁ'%hﬂ%%? e
fabrication process, the follow ng description assunmes that gate length. L
does not CHangé. BAYipg @l d5pinr 6RPPEGEedAtoqaatRO%RreEntheontrol circuit
16 includes: an "N-channel TF' T 27 having a drain connected to the data
line 14-i °Tda818 Gt dev¥dAnediedndoa shurcarcennecoed riod sceeedmd |ine 17;
and a P-channel TFT 28 having a drain and a gate connected to a source of
t he power supply (for example ground); a capacitor 23
connected between a gate of the TFT 22 and the second
power supply; an N-channel TFT 24 having a drain
ig} connected to the data line 14-1, énd a gate connected to
a first scanning line iZA—k; a P-channel TFT 25 having a
drain énd a gate connected to a source of the TFT 24, and
a source connected to the second power supply; and a P-
charnnel TFT 26 having a drain connected to the drain and
gate of the TFT 25, a source connécteﬂ to the gate of the
TFT 22, and a gate connected to a second scanning line
12B-k.
The TFTs 24 and 26 in the thus formed current
writipg type pixel circuit 11-k each function as an
analog switch. The TFT 25 converts the luminance data
current to be written into a voltage. The capacitor 23
retains a luminance data voltage obtained by the TFT 25
by converting the luminance data current into the voltage.
The TFT 22 converts the luminance data voltage retained

by the capacitor 23 into a current and thereby drives the

organic EL device 21. The TFT 25 and the TFT 22 have
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TFT 27, and a source grounded. A ratio in size between the TFTs 27 and 28
in the data current control circuit 16 is set to be the same as a ratio in
si ze between the TFTs 24 and 25 in the pixel circuit 11-Kk. Ln thi s case,
let W1 be gate width of the TFT 27, L21 be gate | eng2fhOsPber2fi® TET. 27,
W22 be gate width of the TFT 28, and L22 be gate length of. the TFT 28.
Also, let Iw2 be a current flow ng through the TFTs 27 and 28, FIG 8B is
a conceptual diagramof circuit operation of the present invention. As
shown in FIG 8B, 18 20 Cctober 2005 a rel ation between a data |line current

(I data Ii . ow rough the data |in a bypass_current (1 bypass)
fl ow ng tﬁpgééﬁkggghggtgﬁ i%gmecgﬁPFSF%gfggg?Fs16¥Bu3n3°5m&ﬁ?aacurrent (1
data) flow.n h the,pixel circuit can be expressed by the follow ng

t hr ou .
equation:cPrggpg WF%EOE F185P5t+ | bypass (preferably | data c | bypass).
The bypass current flowi ng. through the data line control circuit 16 and
the data currenti?IoHifasfouhpt ¥he bex@teividih of hrt®hidfed by i nput
i npedance of the data line control circuit 16 and the pixel circuit,
respecti veLy. Peageter brrotiet efnthedTBY £he Whpube gapedwmhdthodfthe data
line control circuit 16 is defined as the bypass current.) Thus, by using
t he bypastheu¥F&ne5, and L12 be gate length of the TFT 25. Also,
let Iwl be a current flowing through the TFTs 24 and 25.
Since gate length is generélly controlled by a device
?h) fabrication process, the following description assumes
that gate length L does not change.
As is clear from FIG. 8A, a data current control
circuit 16 includes: an N-channel TFT 27 having a drain
connected to the data line 14-i, and a gate connected to
the current control scanning line 17; and a P-channel TFT
28 having a drain and a gate connected to a source of the
TFT 27, and a source grounded. A ratio in size between
the TFTs 27 and 28 in the data current control circuit 16
is set to be the same as a ratio in size between the TFTs
24 and 25 in the pixel circuit 11-k. In this case, let
W21 be gate width of the TFT 27, L21 be gate length of
' Vthe TFT 27, W22 be gate width of the TFT 28, and L22 be
gate length of the TFT 28, Also, let Iw2 be a current
flowing through the TFTs 27 and 28,

FIG. 8B is a conceptual diagram of circuit

operation of the present invention. As shown in FIG. 8B,
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as part of the data line current, it is possible to set the data line
current greater than the data current flow ng through the TFTs 24 and 25

in the pixel circuit 11, 'and thereby reduce | um nance ing tinme.

In addition, when the witing tine is set unchanged,. 28?¥§ﬂgﬁgéor si ze of
the TFTs 24 and 25 provided in the pixel circuit can be reduced and set
arbitrarily. FIG 9 shows a driving timng relation between the ith-colum
pi xel circuits 11-k-1 to 11-k+2. In FIG 8A and FIG 9, the first scanning
lines 12A-k-1 to 12A-k+2 19 20 Cctober 2005 are represented as Wek-1 to

WBk+2; theg %%@9@@0§C%Q@M@%n ol B8t 148K LutQ o128 &+%a%re regresented as

ESk-1 to ESk+2; and the current-control ~"scanni ng represent ed
tten to the |er circuit in

LS. S d
?ﬁe kt h 353§%?ﬁ§ %F?é gg;ﬁap étﬁﬁh3n§;k2( K8*CHe CYEEGRE ééannlng | i ne ESk
are both Eelect d..The' urren gntrol scanning. line LS is selected at
all tines. ngﬁﬁgog}ﬂﬁlPﬁa fREIBatRe ArbachiPEnEORSECdr FEFAYithébdata |ine

14--i is IwQ and that a ratio R between the data .current IwW of the data
line currhf fweERrFRoGRRGERA thedpitrel £&préngt thyorghnghenrikekai ni ng
current w2 of the data line current Ilwo flowng in the data current
control €#FEwit QﬁnlheFﬁxpraﬁﬁﬁdﬁbYtthfﬁblbmmnggreQaatmnat .

I‘Qata'lipe = I data + I bypass (preferably I data
=1 bypass)

iﬁ> | The bypass current flowing through the data line
control circuit 16 and the data current flowing;throuéh
Fhe pixel éircuit are determined by input impedance of
the data liﬁe control circuit 16 and the pixel circuit,
respectively. (A current determined by the input
impedance of the data line control circuit 16 is défined
as the bypass current.) Thus, by using the bypass current
as part of the data line current, it is possible to set
the data line current greater than the data current
flowing thréugh the TFTs 24 and 25 in the pixel circuit
.11, and thereby reduce luminance data writing time. 1In
addition, when the writing time is set unchanged, |
transistor size of the TFTs 24 and 25 provided in the
pixel circuit can be reduced and set arbitrarily.

FIG. 9 shows a driving timing relation between the
ith-column pixel circuits 11-k-1 to 11-k+2. -In FIG. BA

and FIG. 9, the first scanning lines 12A-k-1 to 12A-k+2
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equation holds: R1:(R+ 1) = Iw:1Iw2: 1w 'Letting W1 be gate width of the
"TFT 124 corresponding to the TFT 24, LOl be gate |ength of the TFT 124,
W2 be gate width of the TFT 125 corresponding to the ggﬁ @9 LO2 be
gate length of the TFT 125 in the pixel circuit accor 0b 204
conventional example (see FIG 3), R1:(R + 1) =
(WL1/L11):(W21/L2.1): (W01/LOL1) _ (W2/L12):(We2/L22):(W2/L02) 20 20

Oct ober 2005 In this case, setting R= 1, for exanple, and supposing t hat
the gate- Iength L does not change as described above t hen WL.1 W1 =
1/2 W1 L11 = g é = L22 = LO2 Thus

assuni ng Fﬁ&trFHEQESP u?FeHFk &Atﬂavﬁhézthéhesaﬁﬁoﬁﬁr?%ﬁﬁn%%$ue as the
current | i s passed throug the pixel circuit.11-k, the gate widths W1
and W2 of IPERel#BTE-24tandiBsktd ake perREesentedies 18Sk-tatobe reduced to
1/2(half) of the gate wi dths. W1 and W2 of the TFTs 124 and 125 in the
convent i oik*éi r eaflt thencusraet eentsol wheantbeysizesof7the transistors in

t he -
represented as LS.

Supposing that luminance data is written to the

pixel circuit in the kth row, the first scanning line WSk

and the second scanning line ESk are both selected. The

<

‘current control scanning line LS is selected at all times.
Supposing that the data line current for driving the data
line 14-i is Iw0, and that a ratio R between the data
current Iwl of the data line current Iw0 flowing in the
pixel circuit 11-k and the remaining current Iw2 of the
data line current Iw0 flowing in the data current control
circuit 16 is R = Iwl/Iw2, the following relational
;equation holds:
R:1:{R + 1) = Iwl:Iw2:Iw0
‘Letting W01l be gate width of the TFT 124
-correeponding to the TFT 24, L01 be gate length of the
?FT 124, W02 be gate width of the TFT ;25 corresponding
to the TFT 25, and L02 be gate 1ength of the TFT 125 in
the pixel circuit according to the conventional example
(see FIG, 3),
R:1:(R + 1) = (W11/L11):(W21/L21):(W01/L01)

= {(W12/L12) : (W22/L22) : (W02/L02)}
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pi xel circuit is set to be the same as in the conventional circuit, the
data line current Ilwo for driving the data line 14-i can be substantially
i ncreased. As described above, in the active matrix tyE§ o&gg&%& EL :
di spl ay apparatus using the current witing type pixe Qptede; 11, the
data current control circuit 16 is provided for each of the data |ines
14-1 to 14-m and part of the data line current Ilwo for driving the data
lines 14-1 to 14-mis supplied to the pixel circuit for witing |umnance
data and the.remaining current of 21 20 Cctober 2005 the data line current.
IwO i s passed through:th ta,_current control circuit 16. It is thereby
possi bl e to set Eghgﬂégtgagghes%ﬁ %%%Pﬁl" grééﬁeﬁxqﬂ%%?'tﬁﬁ“%ala current

d 25 in the pixel _circuit 11 while

Iw flow rouagh. th Ts 24 a

preventingggkgﬁﬁg e&gg%iEﬁﬁhganggeﬂgththed??ﬁanﬁ-%ﬁﬁP@%n 3% is thereby

- possi bl e Eo redgcg the data witing tinme substantially and thus increase
the si ze95AG*rBEHI BEPBR  of hERe organic EL display apparatus. In order to
conpensate for variations in the characteristics of the transistors,
however, the TFTWlD5 Whd 28L/ch' #Widé witing side forming the current mirror
circuit are required to have the sane transistor characteristics as the
TFT 22 on the dr¥di g Is3des UGi ot her words, when the data current control

circuit 16.

T W12 = W22 = 1/2 W02
L12 = L22 = LO02
'ip) : , Thus, assuming that the data current Iwl having the
same current value as the current Iw2 is passed through
the pixel circuit_11~k, the‘gate widths Wil and W12 of
the TFTs 24 and 25 in the pixel circuit 11-k can be
reduced to 1/?(hélf) of the gate widths W0l and W02 of
the TFTs 124 and 125 in the conventional circuit. In
other words, when the size of the transistors in.the
 pixe1 circuit is set to be the same as in the
conventional citcuit, tﬁe data line currenﬁ Iw0 for
driving the data line 14-i can be substantially increased.
| As described above, in the active matrix type
organic EL display apparatué-using the current writing
type pixel circuits‘ll; the data current control circuié
16 is provided for each of the data lines 14-1 to 14 -m,
and part of the data line current Iw0 for driving the

data lines 14-1 to 14-m is supplied to the pixel circuit

for writing luminance data and the‘remaining current of

21




including the TFT 28 is disposed at a position distant fromthe pixel
circuit 11, variations in the transistor characteristics are not fully

. conpensated for. Accordingly, when the pixel circuits 11 are divided into
‘certain areas in a colum direction to thereby conbiné®BFabERPS es of the
pi xel circuits into blocks, that is, conbine pluralities of the pixe
circuits connected to the sane data line into blocks, and the data
current control circuits 16 are provided for exanple one for each of the
bl ocks in the -single data line, it is, 22 20 October 2005 .possible to

fully co %#gﬁf qr, variations in the transistor characteristics. In this
case, &ct A F e Rt iifedagsef throagh thet AatRi xel uni t

f or med by arranging the pixel circuits 11 in a matrix nanner, that - a
verti cal “FE@P%oﬁq@§ﬁﬁ¥|Q%&$W%§tﬂﬁe éélHﬁntaﬁ¥%QI|Eﬁﬁ5{biﬁxﬁﬁi%mMOdlnent]

An active matrix type display apparatus according to a second enbodi ment
of the prédendaitaydinicosunivientnd? gveadescribbedth&hdatat tveremtri x type

di splay apparatus according to the second enbodi nent uses a circuit

confi gur aftwdn fdbwangedhirpugin tthienFillse 2dakadcasr ént theopixel circuits 16 in
the active matrix type display apparatus according to the first enbodi nent
as shown kdrcuit 11 while preventing an increase in the size of

the TFTs 24 and 25. It is thereby possible to reduce the

data writing time substantially and thus increase the
im} size and resolution of the organic EL display apparatus.
In order to compensate for variations in the
characteristics of the transistors, however, the TFfs 25
and 38 on the writing side forming the current mirror
¢ircuit are required to have the same t?ansistor
charééteristics aé the TFT 22 §n the driving side. In
other words, when thg data current control circuit 16
including the TFT 28 is disposed at a position distant‘
from the pixel circuit 11, variations in the tfansiétor
qharacteristics are not fully compensated for.
| Accordingly, when the pixel circuits 11 are divided
into certain areas in a column direction to thereby
goﬁbine pluralities of the pixel circuits into blocks,
that ié, combine pluralities of Ehe pixel circuits
connected to the same data line into blocks, and the data
‘current control circuits 16 are prbvidgd for example one

for each of the blocks in the single data line, it is
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FIG 7, that is, the sane configuration as the active matrix type display
-apparatus according to the conventional exanple as shown in FIG 4. Wth
this configuration, the active matrix type display apﬁgba ﬁggording to
t he second enbodi nent realizes the same function as t °ig r@ active
‘matrix type display apparatus according to the first enbodinent by using
a pixel circuit to which no witing is being .performed as a data current
~control circuit (bypass current). A driving nmethod of the active matrix
type 23 20 Cctober 2005 display apparatus according to the second

enbodinentpw&iibl@et@pﬁ@ii}ca&ﬁp@ﬁgg%gifg¥iJé}fggigﬁ§ fﬁm - ,Acircuit

configuration of a plurality of pixel «circuits 11 1 k+2 connect ed

to'an ith-oodasds dat acndddie ddrdeidy th s\ge aaLri +displ ay
apparatus according to the secon enbg s % 'S %homn |%g EF&R10. " Each of
uratl n. of the current

the pixel Lidddidie Jkiks k Jtln%a\“ - K42 ha %atnhc.onf i Tgl)nltvw ch is the

writing type plxel circui ng four

sane as the i.rcuit. ac dln to the first enbodinent. FIG 11 and
FIG 12 ShOWlT%I‘I V|ynz:1%“'{|arﬁ%1 gré%(ft Y &tvisdrt tehéd 1 ﬁFIUIaaF“iatt)rléf pi xel
Circuits NS k-1 t% %Xk+2 I n both, exanples of FIG"' 11 and FIG 12, x (x =
2.in the SXARSTes) H5itxdiS cifr VEtd c@dnCifgSidonnis defamed as the

column direction.
[Second emboaiment]
{k} ) o An actife matrix type display apparatus according
to a second embodiment of the present invention will next
be described. The active_matrix type display apparatus
according to the second embodiment uses a circuit
configuration cobtained by omittiné the data current
-control circuits 16 in the active matrix type display
apparatus according to the firsf embodiment.as shown in
FIG. 7, that is, the same configuration as the.active
matrix type display apparatus according to the
~;) conventional example as shown in FIG. 4.
' With this configu;ation, the aétive matrix type
‘display apparatus according to the second embodiment |
realizes the same function as that of the active ﬁatrix
type disp;ay apparatus according to the first embodiment
by using a pixel circuit to which no writing is being
-performed as a data current control circuit (bypass

current). A driving method of the active matrix type
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direction are selected sinultaneously. Wien the. two pixel <circuits are

t hus sel ected sinmultaneously, part of a data Iline current for driving the
data line is witten as a |um nance data current to one of the pixel
circuits. In this case, although the Iuninance data cdaf PsRberi280 ot

‘witten to part of the other of the pixel circuits, the pixel circuit is
used as a bypass. current circuit (data current control circuit) to which
the remainder of the data line current is fed. In the exanple of FIG 12,
in particular, when x (x 24 20 Cctober 2005 2 in the exanple) pixel
circuits cgntinuous in the .colum direction are grouped as one bl ock and
a data cOFEIRY] SPRATALES AGCOREIRE (tRe thex&rcorAcermbedimentevwiblock, the
data current is not witten to the other pixel circuits in the.sane bl ock
but the oteEPgiciéliceiliyuidescrabedudadths Bppaswiodrrent circuits. In this
case, a first scanning line W5 and a second scanning |line ES of the pixel
circuit to whichAtherchait comfegurasionidf em prweabbdth seleiterd. Supposing
that the pixel circuit 11-k- 1 in FIG 10 is the pixel circuit to which the
data ' currémtuisswiitken, tboliekaoptenn¥bked 88dakSkth-abeuhnt Barsel ect ed.
On the other hand, in the pixel circuit to which the data current is not
witten butinehighii $SnUSBE a&tif€ matrix type display apparatus
according to the second embodiment is shown in FIG. 10.

B Fach of the pixel circuits 11-k-1 to 11-k+2 has a

- configuration of the current-writing type pixel circuit

. having fpur transistors (TFTs}, which is the same as the

pixel circuit according to the first embodiment. FIG. 11

and FIG. 12 show driving timing relations between the

plurality of pixel circuits 11-k-1 to 11-k+2.

In both examples of FIG. 11 and FIG. 12, x (x = 2
in the examples) pixel circuits continuous in a cblumn
direction are selected simultaneously. When the.two pixel
circuits are thus selected simultaneously, part of a data
line current for.driving the data line is written as a
luminance data current to one of the pixel circuits. In
this case, although the luminance data current is not
written to part of the other of the pixel circuits, the
pixel circuit is used as a bypass current circuit (data
current control eircuit) to which the remainder of the

data line current is fed.

In the example of FIG. 12, in particular, when x (x
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bypass current-circuit, only the first scanning line W6 is selected. In
the exanple of FIG 10, a first scanning line Wk is selected and a second
scanning line ESk is not selected. Thus, TFTs'?24 and 2@ fupction as a data
current control circuit (bypass current circuit) used fdPcto ?38@55 current.
Specifically, since the second scanning Iine ESk of the pixel circuit
shown in. FIG 10 is not selected and thus a TFT 26 is in an off state,. a
charge corresponding to |lum nance data and retained by a capacitor 23 is

not 25 20 Cctober 2005 ,discharged through the TFT 26, but remains
of the circujt, or-the TFTs 24 and 25

funct i on &2 A dheackarPaR BOREL P LEFREES { EbbHuShs iR (UhE ol rourt) .
Gate width of the TFT 24 is WL1; gate length of the TFT 24 is L11; gate
wi dth of CREVFBETISZErsinpoargagtoiprdngtnone bheckpmsaidatan: and the
data current flowng through the TFTs 24 and 25 is IwW. In this case, the
.fol | owi n§uUrErati drarégtiani bn avpdefbeheceihxehecoawi tenethelw and data
line current WO IwW0 = x IwW Thus, I:x = Iw:IW The follow ng rel ati onal
equati on hdbgk.béheedataheugneért is not written to the other pixel

circuits inlthé.same block, but the othef ﬁixel circuits

are used as bypass current circuits. In this case, a

first scanning line WS and a second scanning line ES of
;“).' the pixel circuit to whicﬁ the dafa current is written
are both selected. Supposing that the pixel circuit 11-%-
1 in FIG. 10 is the pixel circuit to which the data
current is written, for example, wek-1 and ESk-1 are both
selected. | |

On the other hand, in the pixel circuit to which
thé data current is not written but which is used as the
bypass current circuit, only thg first scanning line WS
is selected. In the example of FIG. 10, a first scanning
line WSk is selected and a second scanning line ESk is |
not selected. Thus, TFTs 24 and 25 function as a data
current control cirecuit (bypass current circuit) used for
‘bypass current.
Specifically, siﬁce the second scanning line ESk of

the pixel circuit shown in FIG. 10 is not selected and

thus a TFT 26 ig in an off state, a charge corresponding

to luminance data and retained by a capacitor 23 is not
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wi dth W1 and gate length L11 of the TFT 24, the gate wdth W2 and gate
| ength L12 of the TFT 25, the gate w dth WOL and gate Iength LO1 of the

TFT 124, and the gate width W)2 and gate | ength LO2 og b 2é’5125 in the
pi xel circuit according to the conventional exanple (s % Ef 9

lwl (WL1./L11) : (WMD1/L01) (Wi2/L12):(W02/L02)  For exanple supp05|ng
that the gate | ength does 26 20 Cct ober 2005 not change, as descri bed
above, then WI| = 1/x W1 L11 = L01 W2 = 1/x W2 L12 = L02 Thus,
~assuming that the data current having t he sane current value as the bypass

current is tten the the gate wi dths WiL1 and W2
of the TF-ldS farr?cf(%%q E’Iexé[‘%ﬁr% Ptujt fepains Eg%aFBGGcedIIEo 1/ x of
the gate wi.dths W1 and W2 of the TFTs 124 and 125 in the conventi onal
circuit. ITG &SSPy Riffdn Afhdhs £ 6P ithe O R8I SFBEs2Enafe pi xel
circuit is_set to be the sane as in the conventional circuit, the data
line currénmt UG Be hssdatai suryepkceeassgl circuit (bypass

current cifcuit)r
Gate width of the TFT 24 is W1l; gate iength of the
_ TFT 24 is L11l; gate width of fhe TFT 25 is Wl1l2; gate
length of the TFT 25 is L12; and the data current flowing
lw) | - ‘through the TFTs 24 and 25 is Iwl. In this case, the
followihg.;elational eqguation holds between the data

current Iwl and data line current Iw0:

Iwl

x * Iwl

Thus,

1:x Iwl:Iw0O
The following relational equation ho;ds between the gate
width Wil and gate length L1l of the TFT 24, the gate
width W12 and gate length L12 of the TFT 25, the gate
ﬁidth WO1 and gate length L0l of the TFT 124, and the -

. gate width W02 and gate length L02 of the TFT 125 in the
pixel cirecuit according to the‘conventional example {see

FI1G., 3):

Iwd = x* Iwl

(W11/L11) : (WO1/L01)

ir

(Wi12/L12) : (WO2/L02)

For example, supposing that the gate length does
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As descri bed above, in the active matrix type organic EL di splay apparatus
using the current witing type pixel circuits 11, two pixel circuits

adj acent to each other in the colum direction are se&egted

si mul t aneously, and part of the data line-current |Iwo Al m@ﬁﬁﬁ@ﬁed to the
pi xel circuit for witing |lum nance data and the remaining current-is fed
as a bypass current to part of the other pixel circuit. It is thereby
possible to set the data line current Iwo greater than the data current
Iw flow ng through the' TFTs 24 and 25 in the 27 20 Cctober 2005 pi xel

circuit 1 1 le _preventi,ng an,increase in the size of the TFTs 24 and 25.
It is the%ggccégg Fb|88t89g866889 Fﬁ8vaat5hﬁPiting time substantially and

thus increase the size and resolution of the organic EL display apparatus.
It is to be notdthati{hi™®Ln witing the data current, the second
enbodi ment sinultaneously selects two (x = 2) pixel circuits adjacent to
each other in tHetl col direction, the present invention is not limited
- to two pixel circuits, and nore pixel circuits can be selected
sinul taneously. B2 incrasiieg the nunber of pixel circuits to be selected
and thus increasing the nunber of pixel circuits used as a data current
path, it 1is podslidl= ud2 further reduce the size of the transistors in the
pi xel circuit, or further increase the current _
' Thus, assuming that the data current having the
' same current value as the bypass cﬁrrent is written to
_f‘) the pixel circuit 11-k, the gate widths Wil and W12 of
[
the TFTs 24 and 25 in the pixel circuit 11-k can be
reducded to 1/x of the gate widths W01l and W02 of the TFTs
124 and 125 in the conventional circuit. In other words,
when the size of the transistors in the pixel circuit is
set to be the same as in the conventional circuit, the
data line current Iw0 can be substantially increazed.
As described above, in the active matrix type
_;) organic EL display apparatus using the current writing
; type pixel circuits 11, two pixel circuits adjacent to
each cher in the column direction are selected
simulpaneously, and part of the data line current Iw) is
supplied to the pixel circuit for writing luminance data
and the remaining current is fed as a bypass current to
part .of the other pixel circuit. It is thereby possible
to set the data line current Iw0 greater than the data

current Iwl flowing through the TFTs 24 and 25 in the
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value of the data line' current IwO However, froma trade-off relation,
since a distance between the transistors formng the current mrror

circuit is increased, effect of conpensation for variaagﬁ t ransi st or
characteristics is correspondingly reduced. Moreover, F?*?rﬁwx&he second
enbodi nent, the pixel circuit to which |um nance data is not witten but
which s selected as a pixel circuit used as a bypass current circuit is
a pixel circuit adjacent.in the columm direction to the pixel circuit for
witing the lum nance, 28 20 Cctober 2005 data, the pixel circuit is not

necessari I e cent _one. Furthernore, even when two pi xel
circuits gﬁﬁ%%ghégggagagﬁ o?gh% ﬁeYﬁggéﬁguﬁﬂ HFFEE?FSnl&r§h§eFéé?edp

S|nultane8%s xea§FEn hg ch d enbodi nent, characteristics of the
transistors fornhy t %ﬁr%%ntﬁﬁ¥ﬁhﬁt99ﬁﬁﬁhkﬁ\&ﬁ|¥%ﬂ@m@ t hus

present a Eroalen1 IS enerally known that in a case where thin film
transi st oF &8¢ atﬁsgﬁlﬁéngh ippapebStartsiahly hendi kbhis thecraats, thhen N-type

transi stor ,characteristics becone st ronger, P—type t ransi st or
character?%FFcén%eﬁ%ﬁﬁlﬂbaR@rOfoth@WQﬁgihiquLtdamﬁlsyoapp@ﬁaaﬁber|stlcs
become stronger, 'N-type transistor characteristics become weaker; thus
variations in cHdr det drd 16 g tefd & hR-tc havined ian@rdn iy the data
| current, the second embodiment simuitaneously selects two
(x = 2) pixel circuits adjacent to each other in the
{M) _' column direction, the present invention is_not limited to
two pixel circuits, and more pixel circuits can be
selected simultanéously. By increasing the number of
pixel circuits to be selected and thus increasing the
number of pixel ciféuits-used as a data current path, it
is possible to further reduce the size of the transistors
in the pixel circuit, or further increase the current
value of the déta line current IwO0. However, from a
trade-off relation, since a distance betwéen the
tranéistors forming the current mirror circuit is
increased, effect of compensation for variations in
transistor characteristics is correspoﬁdingly reduced.
Moreover, while in the second embodiment, the pixel
circuit tozwhich luminance data is not written but'which
is selected as a pixel circuit used as a bypéés current

circuit is a pixel circuit adjacent.in the column

direction to the pixel circuit for writing the luminance .
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channel transistor are in an opposite direction fromeach other. Hence, by
using field-effect transistors of. opposite conduction types as the TFT 24

for a scanning switch and the TFT 25 for current-to-vgébgge %§§yersion,
for exanple an N-channel field-.effect transistor as t cEpper and a
P-channel field-effect transistor as the TFT .25 in the pixel circuit shown
in FIG 10, variations in characteristics of the transistors cancel each
~other out, whereby variation in potential of the data |ine can be 29 20
Cct ober 2005 controlled. For the above reason, it is desirable to use

field-effegdcdransi of ; ite _canduction types .as e%ce TF£%b24 and
25. Wiile the 'secoéléﬁ%gr%lod%ln]gn{ fs1alss t%’gzn n(?gse(,gr‘c’laﬁé‘éy gy Healh as an
exanpleamgéﬁgéégirggéix type display apparatus provided with current

witing typ pixel " Circuits of a four-transistor configuration, the

current witing ﬁ%lge pixel circuits are not linmted to pixel circuits of
the four-transi stOF CBERMPGEr afVER. WhpnxEVO cPE3eT t 81b¢ubtherdiagant he

four-transistor configuration will be described in the following. FIG 13

is a circli® fgrdhedhdvl deasodummpidd ret t ioonkirgusatliestedt her than t he
four-transi stor configuration of.current witing type pixel circuits. The
simultaneously as in the second embodiment, -

characteristics of‘the transistorg forming tﬁe current
mirror circuit may be varied and thus present a problem.

iw) . It is generally known that in a case where thin film
transistors are used as theitransistors in the pixel
circuits, when N-type transistor characteristics become
stronger, P-type transistor characteristics become weaker,
or when P-type traﬁsistpr characteristics become stronger,
N-type transistor characteristics become weaker; thus
ﬁariatiops in characteristics of a P-channel and an N-
channel transistor are in'an opposite direction from each
other.

- Hence, by using field-effect transistors of.
oppoéite conduction types as the TFT 24 for a scanning
switch énd the TFT 25 for current-to-#oltage conversion,
foi example an N-channel field-effect transistor ;s the

- TFT 24 and a P-channel field-effect transistor as thé TFT
‘?5 in the pixel circuit shown in FIG. 10, variations in
characteristics of the transistors cancel each other out,

" whereby variation in potential of the data line can be
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pi xel circuits according to-the present. exanple are configured such that
a scanning TFT 24 and a current-to- voltage conversion TFT 25 are shared

bet ween two pi xels adjacent to each other, for exanpl in e col um.
A Cctphr ot

Specifically, as for a first scanning |ine 12A, scanni 12Ak -1
12Ak +1, ... are arranged one for every two. pixels. In the case of a k-1
and a k pixel, for exanple, a gate of the scanning TFT 24 is connected to
the scanning line 12Ak -1, and a source of the scanning TFT 24 .is

connected.with a drain and gate of the current-to 30 20 Cctober 2005

vol t age cquﬁ£§h'n TFT_25 ﬁﬁ% gﬁains of TFTs 26 and_26, of _the two pixels.
g

FIG 14 showe s dridi n§ofi QY at FOR°Mhent thes PexerakbhftQués®ion in

whi ch thegaéggpi TET 24 and the current-to-voltage conversion TFT 25 are
shared bet 'e%%&‘cdi TEPL S § LT 8d O L FRRRAH R kEarOBPEFAEPBNEYRSENRE case i s
the sane as in the foregoing exanple. In this case, the current-to-voltage
conver si oY PPFEFTS @énaﬁg dRared between two pixels because the TFT 25 is
used only at a nonent of witing a data current. By using such a pixel

configuration i n"Wivhiehthéesecwahnmopdiier?d laaw Héwn odeg@ntbdd- vol t age
. conversion TFT 25 are shared between two pixels adjacent to each other,
for exanpkbovet biystpésspbhe tn erufplwoahr assistonstidx type

display apparatus provided with current writing type

rixel circuits of a foﬁf-transistor configuration, the
ﬁw} ’ current writing type pixel circuits are not limited to
pixel circuits of the fdurrtransistor configuration.
Pixel circuits of other than the four-transistor
configuration will be described in the followiﬁg.

FIG. 13 is a circuit diagram showing an example of

configuratiog other than the four-transistor
configuration of .current ﬁriting type pixel circuits. The
pixel circuits according to the present example are
‘configured such that a scanning TFT 24 and a current-to-
voltage coqversion TFT 25_are shared between two pixels
adjaceﬁt to each other, for example, in each column.
Specificélly, as for a first scanning line 122, scanning
lines 12Ak-1, 12ak+1, ... are arranged one for every two
pixels. In the case of a k-1 and a k pixel, for example,
a gate of the scanning TFT 24 is connected to the

scanning line iZAk-l, and a source of the scanning TFT 24

is connected with a drain and gate of the current-to-

30




every two pixels. The nunber of transistors in tw pixels is six, and
therefore the nunber of transistors per pixel is three. A current flow ng
through a data line 14-i is nuch greater than a curreg} flowngﬁhthrough an
organic EL device 21. Therefore, large transistors aré Q%83

scanni ng TFT 24 and the current-to-voltage conversion TFT 25 that directly
deal with the great current, thus inevitably resulting in a large area
bei ng occupied by the transistors. 31 20 October 2005 on the other hand;
by using the pixel configuration in which the scanning TFT 24 and the
current - t%_ﬁg:ta €, conversion TET 25 are shared between two pixels as in

the pixel circltSACEH Ny TT Are 3R itk £ TETS 26 §ndp@§5|°lil eto
greatly rz&ﬁfe the area of the pixel CIrCUItS occupi ed by the TFT5 and t hus

it is pos %o Pd¥Eeifd a stacki ng arrangenment of light emitting units or
reduce pixel size to thereby increase resolution. Wiile the present
~exanple is a cirEtft tkapheesia dwhvihgt hemsuannehgtT6A @4eanthé he
current-to-voltage conversion TFT 25 are shared between two pixels, it is
obvi ous t RarelheonfaanirayiTRT i24 waddht hecsraant nforrrobitagadcenwer si on TFT
25 can be shared between three pixels or nore. In this case, effect of
reduci ng pherent-to-voltage conversion TFT 25 are shared between
two pixels is used. Fundamental operation in this case is
the same as in the foregoing example. In this case, the
'n) current-to-#oltage conversion TFT.25 can be shared
between two pixels because the TFT 25 is used only at a
moment of writing a data current.
By using such a pixel configuration in which the
scanning TFT 24 and the current-to-voltage conversion TFT
25 are shared between two pixels adjacent to each other,
for example, it is possible to omit two transistoré in
every two pixels. The number of transistors in two pixels
ig six, and therefore the number of transistors per pixel
is three.
A current flowing through a data line 14-i is much
- greater than a current flowing through an organic EL
device 21. Therefore, large transistors are used as the
- scanning TFT 24 and the current-to-voltage conversion TFT
25 that directly deal with the great curfent, thus

inevitably resulting in a large area being occupied by

the transistors.
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nunber of transistors is further increased. In addition, instead of
sharing both the scanning TFT 24 and the current-to-voltage conversion TFT

25, it is possible to share only one of the TFTs bet I lity of
pixels. (Third enbodiment] FIG 15 is a schematic di Qgﬁ?@ﬁa%%% 0s

configuration of an active matrix type display apparatus, according to a
third enbodi ment of the present invention. As wth the active matrix type
di spl ay apparatus according to the second enbodi ment, the active matrix 32
- 20 Oct ober 2005 type display apparatus according to the. third enbodi nent
are .a f(i({ra% scanning line W6 between X, pixel

i s configured Sy RS0
circuits in the Sane bloek Wi Y etSing i (R Hontq TH3He col um
di rection,ar ehf Oﬂ\rxfd into pne bl ock and_sel ected sinultaneously, and a
data cur FnPRTERWRE (R RReTDT the2Piixkhe crrEDeRE- BAGVOREaYSt her pi xel
circuits are used as b%/pass current circuits. As described above regarding
the acti vECTREYFXCR yPET 4 sPTayspbed deekvweaee of e ngixel s hes stwoble
embodi nent, when two pixel circuits in the sanme bl ock are sel ected
~sinul t anetdeY, et hpddordims of the pirésent céxampls, bpetate in the
same manner, and therefore the scanning |ine W5 can be shared in the sane
bl ock. | Pessipresentgreaddmm|mydwdereha 2red ¢f attg nNgi téNecPMaidss 12A-2 i s
occupied by the TFTs and thus it is possible to extend a
stacking arrangement of light emitting units or reduce

Kw) pixel size to thereby increase resolution.

While the present example is a circuit example in
which the scanning TFT 24 and the current-to-voltage
conversion TFT 25 are shared between two pixels, it is
obvious that the scanning TFT‘24‘and the current-to-
voltage conversion TFT 25 can be sghared between three
pixels or more. In this case, effect of reducing the
number of transistors is further increased. In addition,
instead of sharing both the scanning TFT 24 and the
current-to-vdltage conversion TFT 25, it is possible to
share pnly one of the TFTs between a plurality of pixels.
[Third embodiment]

FIG. 15 is a schematic diagram of a configuration
of an active matrix type display apparatus according to a
third embodiment of the present invention.

As with the active matrix type display apparatus

according to the second embodiment, the active matrix
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shared between a first-row and a second-row pixel circuit, and a scanning
line 12A-n-1, :12A--n is’ shared between an (n-1)th-row and an nth-row
pixel circuit. Acircuit configuration of a plurality of pixel circuits
11-k-1 to 11-k+2 connected to an ith-colum data |ine?d9stPber 04he active
matri x type display apparatus according to the third enbodi nent is shown
in FIG 16. Each of the pixel circuits 11-k-1 to 11-k+2 has the sane
configuration as the pixel circuit - according to the first 33 20 Cct ober
2005 . enbodinment, that is, the configuration off the current witing type

i xel. cirqgyjt. havi four transistors _(TFTs FIG 17 shows driving timn
of the p|ﬁagfiPa%kﬁgﬁi%@ParE%PéuF€§°ffSR91t%otﬁf;ﬁthdAgmaeéémﬁaédgabove,g

in the ac%ive n%trix typd organic EL display apparatus in which x pixel
circuits “EoffPhd8UEernsPhescEPuRhager acEisRtareanainadlineoWsne bl ock and

sel ect ed Einultaneou$ly and in which part of a data line current is
witten abeiV85PaXchikBht CLECRAES phxehectaneai blook whetirgpineinance data
and the other pixel circuits are used-as bypass current circuits, the
first scaRAFAYLFEneoRyBingoghaindthet mebunt héixeptkeh ager €6ihsdi N the sane
block. It is thereby possible to reduce the nunber of first scanning lines
WS to |/ xinThuene block and selected simultaneously, and a data

current is written to one of the pixel circuits and the

other pixel circuits are used as bypass current circuits.
(;} ‘ As described above regarding the active matrix type

display apparatus according to the second embodiment,

when two pixel circuits in the same block are selected

simultaneously, scanning lines WS of the driven circuits

operate in the same manner, and therefore the scanning

line WS can be shared in the same block. In the ﬁresent

example, where x = 2, a scanning line 12A-1, 12A-2 is

shared between a first-row and a second-row pixel

circuit, ..., and a scanning line 12A-n-1, 12A-n is
n) shared between an (n-1)th-row and an nth-row pixel

| circuit,

A circuit configuration of a plurality of pixel
gircuits 11-k-1 to 11-k+2 connected to an ith-column data
line 14-1i in the active matrix type display apparatus
according to the third embodiment is shown in FIG. 16.

" Each of the pixel circuits 11-k-1 to 11-k+2 has the same

configuration as the pixel circuit according to the first
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in addition to the effects obtained by the second enbodinent, it is
possible to reduce display size in the colum direction (vertical
direction) by an amobunt ~ corresponding to the reduction in the nunber of
scanning lines Ws. Wiile in the third enbodi ment, the2%OpPR&R0 rcuits
continuous 'in:the colum direction are formed' into one block, the pixel
circuits do not necessarily need to be continuous in the colum direction;
~discrete x pixel .circuits may be formed into a block. Also in this case,
34 20 Cctober 2005 although wire routing is required in each of the pixel
circuits, tge first scanning line W56 can be shared between the x pixel
circuits FHPPALMEREe BPatkiS. [ EBar EANEABBERFEAR] OAnthet FuBremEri x type
di splay apparatus according. to a fourth enbodi ment of the present
i nvent i onWht FERGekyPeb® lgedc dilyam tA heorimiay Uity drraofs itdte act {BRTsRL ri X
type display apparatus according to the fourth enbodinment is
subst anti BEPy ihesbawe dsitvhay vinmihe aftive phtrakitypef mslisgl ay apparatus
according to the third enbodi nent as shown in FIG 15. A circuit
configuratiooubtsalplural toyiofkpexel circuits 11-k-1 to 11-k+2 connected
to an ith-colum data ‘line 14-i in the active matrix type display
appar at us As described above, in the active matrix type '
organic EL display apparatus in which x pixel circuits
continuous in the column direction are formed into one
ix) -block and selected simultaneously, and in which part of a
data line current is written as a data current to the
pixei circuit for writing luminance data and the other
pixel circuits are used -as bypass current circuits, the
first scaﬁning line WS is shared between the x pixel
c¢ircuits in the same block. It is thereby possible to
reduce the number of first scanning lines WS to 1/x. Thus,
in addition to the effects obtained by the second
embodiment, it is possible to reduce display size in the
column direction (verticalldirection) by an amounﬁ
corresponding to the reduction in the number of scanning
lines WS.
While in the third embodiment, the x pixel circuits
continuous in the column direction are formed into one
block, the pixel circuits do not necegsarily need to be

.-_continuous in the column direction; discrete x pixel

circuits may be formed into a block. Alsoc in this case,
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according to the fourth enbodinent is shown in FIG 18. The pixel circuits
11-k-1 to 11-k+2 according to the present exanple use, as an anal og
.switch, a CMOS transistor 27 fornmed by connecting an N-channel TFT 24A
and a P-channel TFT 24B in parallel with each other inzoﬁpﬁ@ﬁzgﬁ t he
. N-channel TFT' 24 in the pixel circuit shown in FIG 16. Potential of a

first scanning line Wek-1, k is supplied directly to a gate of the
N-channel TFT 24A, and is inverted by an inverter 28 and then supplied to
a gate of the P-channel TFT 24B. 35 20 Cctober 2005 Usually, a pixel
circuit usqﬁﬁg uni pgl ar switch gs an analog switch because of a limtation
in area of {HEUIN WA SF Wtd N6t Her Ted ress Tdesachhed ddeepizels of the
second enbqdi ment, for' exanple, by sinultaneously selecting two pixels
adj acent C&rEXEIT 5ot Fde it tsite seanging dilmeciiSoganake whatedg a data current
to one of the pixels and not witing the data current to the other pixel
circuit bbetwWsengtbisexophieelpicielcuditiscdint the aambypasskcurrent circuit, it
is possible to set a witing data current greater than the current flow ng

t hr ough t hEourthnembodimeat]t he pi xel while preventing an increase in the
- size of the transistors. In other words, when the current value of the
witing data curkierdctbveehatitnanges, diéplsy Rassd bl €ud ad&siues. 4 he
transi stor area _ :

to a fourth embodiment of the present invention will next

be described. A configuration of the active matrix type

;%} | display apparatus according ﬁo tﬁe fourth embodiment is

substantially the same asrthat of the active ﬁatrix type
_display apparatus according to the third embodiment aé
shown in EIG. 15.

A circuit configuration of a plurality of pixel
circuits 11-k-1 to 11-k+2 connected to an‘ithﬂcolumn data
line 14-i in the active matrix ;ype display apparatus
‘according to the four;h embodiment is shown in FIG. 18.
The pixel circuits 11-k-1 to 11—k+é according to thé
presgnt example use, as an‘analog switch, a CMOS |
transistor 27 formed by connecting an N-channel TFT 24A
and a P-channel TFT 24B in parallel with each other in
place of the N-channel TET'24 in the pixel circuit shown
in FIG. 16.. Potential of a first scanning line WSk-1, k
is supplied direétly to a gate of the N-channel TFT 243,
and is inverted by an inverter 28 and then supplied to a

gate of the P-channel TFT 24B.
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of the pixel. Thus, the CMOS transistor 27 can be used"as an anal og switch
-of the pixel. Wien a lo~q current is passed through the TFTs 24 and 25 in

the pixel circuit according to the third enbodi nent, S §OUEC§ gotential of .
the TFT.24 is increased and a gate-to-sourcd potentiaf? BFOPHSFT 24 is
decreased, so that the TFT 24 may not be fully turned on. on the other
hand, in the pixel circuit according to the fourth enbodi nent, an anal og
~switch is forned by using the CMOS transistor 27.. Therefore, when a | ow
current is passed 36 20 Cctober 2005 through the CMOS transistor 27 and a

TFT 25, the TFT §4B LS fuII¥ tﬁrned on even if the TFT 24A is not fully
turned on, so-thi3PURh&YOVBSPEEEASCLEGR1S7 USSR BeURdPPYart aWALENOAS It is to

be noted that the fore oin% enbodi rents have been described by taking as
an exanpl &% C4deIFdrid chabesrgdd ©TEl2 dewide tilpnusad aasaa odi $fileay devi ce
of a pixel, and a polysilicon thin filmtransistor is used as an active
devi ce oflﬂh@-piQ%ltBG ¢hhert hangr esentlesimibatli an esfappki efl theactive
~matrix type organic EL display apparatus obtained by form ng the organic
EL- devi céegand swbstiakatuhépe tkampdleysiHyl edmulltanebiukmy transistor is
- forned; however, the present inventionis not limted to the application
“to the acteVechiibygi xwbypéxels adjacent to each other in the column
direction, and writing a data current to one of the
pixels and not writing the data current to the other

%m) pixel circuit but using the other pixel circuit as a

bypass current circuit, it is possible to set a writing

data current greater than the current flowing through the
transistors of the pixel while preventing an increase in

the size of the transistors. In other words, when the

current value of the writing data current is set

unchanged, it is possible to reduce the transistor area

of the pixel. Thus, the CMOS transistor 27 can be used as

an analog switch of the pixel.

When a low current is passed through-the TFTs 24

and 25 in the pixel circuit according to the third

embodiment, a source potential of the TFT.24 is increased

and a gate-to-source potential of the TFT 24 is decreased,

so that the TFT 24 may not be fully turned on. On the

other hand, in the pixel circuit according to the fourth

embodiment, an analog switch is formed by using the CMOS

transistor 27. Therefore, when a low current is passed
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organi c EL di splay apparatus, and the present. invention is applicable to
active matrix type display apparatus in general that use, as a display
device of a pixel, a so- called current-controlled. type electrooptic

devi ce that changes brightness thereof according to a UPftebs 2645owi ng
therein. As described above, the active matrix type display apparatus or
active matri x type organic EL display apparatus according to the present
invention supply part of a data line current for driving a data line as a
37 20 Cctober 2005 bypass current. it is thereby possible to set the data

l'ine drivi current greater than a data current flow ng through TFTs
provi ded 'itﬁﬂ:af’u@@(éiheci ttTagyfd F4Us 27 @ik anthFd) (2p . dATuA4Fance data

witing tine. in addition, when the witing tine is set unchanged,
transi st ol SsifHd 16f GurRetFPa wvew ddd tibe (T BidReli scinoduifullgan be reduced.
It is thus possible to increase the size and resolution of the display.
whi | e t he twrafegt ced erbodiatenhe eiMoshe rpmedenior 2nvean e Favdybeen
described using the specific terns, such descriptionis for illustrative
pur poses d&nmlrpedamweh. it is to be understood that changes and variations nmay
be made w thout departing fromthe spirit or scope of the fol-Iow ng
cl ai ns. It is to be noted that 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
L pixel, and a polysilicon thin film transistor is used as
an active device of the pixel so that the present
‘invention is applied to active matrix type organic EL
disblay apparatus obtained by forming the organic EL
device on a substrate where the polysilicon thin film
transistor is formed; however, the present invention is
not limited to the application to the active matrix type
- organic EL display apparatus, and the present invention
is applicable to active matrix type display apparatus in
general that use, as a display device of a pixel, a so-
called'current-controlled.type electrooptic device that
changes brightness thereof according to a current flowing
therein.
As described above, the active matrix type display
apparatus or active matrix type organic EL display

- apparatus accoeording to the present invention supply part

of a data line current for driving a datajline as a
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38 20 Cctober 2005 CLAIMS 1. An active matrix type display apparatus
conprising; a pixel unit formed by arranging pixel circuits in- a matrix
manner, said pixel circuits each having an electrooptk devi ce: data line
driving means for supplying lumnance data to said pi @Pdﬁw?gﬁﬁts as a
data line current via data lines; and current control neans for dividing
the data line current supplied fromsaid data Iline-driving neans into a
~data current for witing the |um nance data to each of - said pixe
circuits and a remnmining bypass current, and thus driving the data line

current. 2. An active nmatrix type, display apparatus as claimed in claiml,
wher ei n' sgllya’acsﬁr FEE 8t r OF ﬁéaﬁEnggﬁr%ﬂ’/?gbﬁl? nto fRfehtint ctat# orned by a

plurality_qf pixel .circuits connected to an identical data |ine of said
pi xel uni 6108 GRAVARE GETXENL SrepSerditipray dpparaunrent Ltowimed in claim
1 or 2, wherein said bypass current of said data line current is equal to
sai d dat atBgPreht TF3F sapdiBpdass acpireht ciscyieatendttaussai d data
current. _

substantially reduce luminance data writing time. In

addition, when the writing time is set unchanged,

transistor size of the TFTs provided in the pikel circuit

can be reduced. It is thus possible to increase the gize
QM) and resolution of the display.

While the preferred embodiments of the present

invention have been described using the‘specific terms,

such description is for illustrative purposes only, and

it is to be understood that changes and variations may be

made without departing from the spirit or scope of the

following claims.
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39 20 Cctober 2005 4. An active matrix type display apparatus as cl ai ned
inclaiml, 2 or 3, wherein said pixel circuit includes: a first anal og
~switch having one termnal connected to said data line_and controlled by a
first scanning line .to be selected and not to be sel ett@gober 2005
current-to-voltage conversion neans connected to -another term nal of said
first analog switch, for converting the data current inputted via said
first analog switch into a data voltage; a second anal og switch having .one
term nal connected to an output termnal of 'said current-to- voltage

conversion nmeans and controlled by acsemegid scanning line to be sel ected
and not to be selected; data retaining means connected to anot her term nal

of said second analog switch, for retaining the data voltage supplied from
sai d current-to-Yol PRg@ddmemsiteix rhemes diisa1sai dppecandsanal og switch
and .driving-means for driving said electrooptic device according to the
data vol t Gg8PFegaiimed by said data retaining neans. 5. An active matrix
type display apparatus as clainmed in.claimd4, wherein said first anal og
switch and. sai ch g6o@ld unit formed by arranging pixel circuits in -
a matrix manner, said pixel circuits each having an
electrooptic device:
data line driving means for supplying luminance
- data to said pixel circuits as a data line current via
data lines; and
current control means for dividing the data line
current supplied from said data line driving means into a
data current for writing the luminance data.to each of
said pixel circuits and a remaining bypass current, and-
thus driving the data line current.
2. An active matrix type display apparatus as
c¢laimed ' in claim 1,
“;) - wherein 'said current control means is provided in .
each block formed by a plurality of pixel circuits
connected to an identical data line of said pixel uﬁit.
3. An active matrix type display apparatus as
claimed in claim 1 or 2,
wherein said bypass current of said data line

~ current is’equal to said data current, or said bypass

current is greater than said data current.
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40 20 Cctober 2005 analog switch are fornmed by a first field-effect

transi stor and a second field-effect transistor,. respectively;

sai d-current-to-voltage conversion neans is forned by thjrd field-effect

transi stor having a drain and a gate electricall y’conﬁ@@ﬁ@ r'e8%each ot her

for generating the data voltage between the gate and a-source thereof by
-being supplied with the data current fromsaid data.line via said first

~analog switch; said data retaining nmeans is fornmed by a capacitor for
retaining the data.voltage generated between the gate and the source

of-said third field-effect transistor; and said driving neans is fornmed by

a fourth field- effedin tamnisies tnart rionngGgice dHigp 1367 ia@P aWMalthy sS aigd

el ectrooptic device and formng a current mrror circuit in conjunction

W th said thatsleBi ¢hdeehfifct  ty gpsistor. 6. An active matri x type display
apparatus as clainmed in claim5, wherein said current nmirror circuit has a

mrror ratio setypdcdythali@ dralp guhent flomyg.in said third

field-effect transistor is greater than a drain current flowing in said
fourth field-effecteitr %r%itloc; £...An active matrix type . di splay apparatus
as claimed in claimbs or 6 g swiddh Having The 'Yermihal” cohnet teld

to said data line and controlled by a first gcanning line

to be selected and not to be selected;

current-to-voltage conversion means connected to

: ahofher terminal of said first anaiog switch, for
converting the data current inputted via said firét
- analog switch into ardata voltage:

a second analog switch having one terminal
éonnected to an output terminal of said current-to-
voltage conversion means énd controlled by a second
scanning line to be seleqted and not to be selected;

data retaining means connected to another terminal
of said second analog switch, for retaining the data
voltage supplied from said cur;ent—to-voltage conversion
meansg via said second analog switch; and

driving means for driviing said electrooptic device
according to the data voltage retained by said data
retaining means.

5. An actiwve métrix type display apparatus as
claimed in claim 4,

wherein said first analog switch and said second
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wherein said first field-effect transistor and said 41 20 Cctober 2005
“third field-effect transistor are of opposite conductionI prgs.fron1each
other. 8.. An active matrix type display apparatus as clainmed in any one
of clains 5 to 7, wherein, .saiyg fi rsf fiyel d-ef fect traRSPsebsr 20&%5i d ~second
field-effect transistor, said third field-effect transistor, and said
fourth field-effect transistor are .each formed by a polysilicon thin film
transistor. 9. An active matrix type display apparatus as clained in any
one of claims 5 to 8, wherein said first analog switch is formed by a CMOS
transi stor. 10. An active matrix type display apparatus .conprising: an

el ect r ooptamaideyisxel teh pixeel £ormdd fiof nede Dysarf i Noeplagel  circuits'in a
matri x manner, said pixel circuits each witing |um nance gata fp sai d S

| ec-trooptirg i . i éﬂ’iﬂ@é i .qun adata |line; an
current (F:)ont ;%Iqwntggn?q(%radﬁe%g&dic%e?%tro sﬂu?ﬂréﬁlat padrt of a data line

current fqres%rei ViiRgisai d data line is supplied as the data current to a.
pi xel circui cf (:)Lr W??;ti ng the lum nance data and a remai ni ng bypass .

said current-to-voltage conversion means is formed

by a third field-effect transistor having a drain and a
gate eiectrically connected to each other for gemerating
the data voltage betwéen the gate and a source thereof by
-béing supplied with fhe data current from said data line
‘via said first analog switch; | |
said data retaining means is formed by a capécitof
_fo; retaining the data.volfage generated between the gate
and thg source of said third field-effect transistor; andr
 said driving means is formed by a fourth field-
effect fransistor connected ' in series with said
electrooptic device and forming a current mirror circuit
in conjunction with said third field-effect transistor.
6. An active matrix type display apparatus as
claimed in claim 5, |

wherein said current mirror circuit has a mirror

ratio set such that a drain current flowing in said third
field-effect transistor is greater than a draiﬁ current |
flowing in said fourth field-effect transistor.

7. An active matrix type display apparatus as
claimed in claim 5 or 6, |

wherein saié first field-effect transistor and said
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42 20 Cctober 2005 current is passed through a part of another pixel

circuit connected to the sane data line. 11. An active matrix type display
apparatus as clainmed in claim 10, wherein said -bypass _current of said data
line current is equal to said data current, or said bypasieberéfyent is |
greater than said data current. 12. An active matrix type display apparatus
as clainmed in claim10 or .11, wherein said pixel circuits each include: a
first analog switch having one termnal connected to said data |ine and
controlled by a first scanning line to be selected and not to be sel ected;
current-to-voltage conversi on neans connected to another termnal of said
-first an Sy N ti.ng the data current inputfed via said
first angbggdsa%%gﬁ ?%?%T%q§§¥§56% tage: g%sgggﬁﬁlgﬁa?Bﬁggﬁifﬁﬁ havi ng one

term nal (gpanest&d éébgub{#%ﬂyn term nal of. said current-to- voltage
conversion nmeans and controlled by a second scanning line to be sel ected

and not to be sed sctm;aq@ﬁ&@n{a%ﬂ&nit%eﬁﬁ%? 89”9?@&?9@% ggot her ‘term nal
of said second anal og switch, for retaining %e da voltage supplied from
'said curcbmiméd- voldBgemOBeribiis 5 to 7,

wherein said first field-effect fransistor, said

- second field-effect trahsistor, said third field-effect

transistor, and said fourthlfield—effect transistor are

-

.each formed by a polysilicon thin film transistor.

9. An acfive matrix type display apparatus as
" claimed in any one of claims 5 to 8,

wherein said first analog switch is formed by a

CMOS transistor,

10. An active matrix type display apparatus
comprising:

an electrooptic device;

a pixel unit formed by arrangiﬁg pixel circuits in
a matfix‘manner, said pixel circuits each writing
1uﬁinaﬁce data to said electrooptic device by a-dgta‘
current supplied through a data line; and

current control means for effecting control such
that part of a data line current for driving said data
line is supplied as the aata current to a pixel circuit

for writing the luminance data and a remaining bypass
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43 20 Cctober 2005 neans via said second anal og switch; and driving neans
for driving said electrooptic device according to the data voltage
retained by said data retaining neans. 13. An active ri$< éa/q%_e di spl ay
apparatus as clained in claim12, wherein said first % ine is
shared between a pixel circuit to which the lumnance data is witten and
a pixel circuit to which the luninance data is not. witten. 14. An active
matrix type display apparatus as clainmed in claim12 or 13, wherein said
first analog switch and said second analog switch are forned by a first
field- effect- transistor and a second field-effect transistor,

respecti vetyrreat di € wasmnd ttthivaldlage wany erSin tRang ixe if enmeditby a
third field-effect transistor having a drain and a gate electrically

connect ed ¢oneactedthtertHorsganalatd ndind he data vol tage between the gate
and a source thereof by being supplied with the data current from said

data line via sahd fAﬁséc@p@éqga§m;(c%péaagS%ﬁar SR NG Jeans s

formed by a capacitor for retainingt dat a t age gener at ed bet ween t he
gate. claimed in claim 10,

wherein said bypass current of saidAdata line
current is edual to said data éurrent, or said bypass
current is greater than said data current.
.“) ) 12. An‘active matrix type disnlay apparatus as
claimed in claim 10 or 11,

wherein said pikel circuits each include:

a first analog switch having one tenminal connected
to said data line and céntrolled by a first scanning line
to be selected and not to be selected;

current—to-voltage conversion means connected to

' another terminai of said first analog switch, for
converting the data current inputted via said first
-analdg switch‘into a data voltage;

a second analog switch having one terminal
connected to an output terminal of said current;tp-
voltagé conversion means and controlled by a second

: scanning line to be selected and not to be selected;

data retaining means connected to another terminal

of said second analog switch, for retaining the data

voltage supplied from said cnrrentéto—voltage conversion
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44 20 Cctober 2005 and the source of said third field-effect transistor,
and said driving neans is fornmed by a fourth field effect transistor
connected in series with said electrooptic device and é@rnln% a current
mrror circuit in conjunction with said third field-eff8eP¥Yhsistor. 15.
An active matrix type display apparatus, as clainmed in claim14, wherein
said current mrror circuit has a mrror ratio set such that a drain
current flowng in said third field-effect transistor is greater than a
drain current flowing in said fourth field-effect transistor. 16. An
active matri x type display apparatus as clained in claim114 or 15, wherein
sai d firstmgdnd drig fdfadet sdqamibiagtadrod hiwid dhi;elathdef f ect transi stor are of
opposite conduction types from each other. 17. An active matrix type

di spl ay appar at udrasingl meard foradyionggofachaéscldobprll, daesei n said
.first field-effect transistor, said second field-effect transistor, said
third fielaeidiely tor ans e voand @2k theuelhpli ghdaelkegt transistor
are each forned by a polysilicon thin filmtransistor. 18. An active
matrix typetdiisRhay mepparatus as clainmed in any one of claims 12 to 170

13. An active matrix type display apparatus as

claimed in claim 12,

wherein said first scanning line is shared between
iw} a pixel circuit to which the lﬁminanée data is wriften
and a pixel circuit to‘which the luminance daté is not
written.
14. Aﬁ active matrix type display apparatus as
¢laimed in c¢laim 12 or 13,
wherein said first analog switch and said second
analog switch are formed by a first field-effect"”
transistor and a second field-effect transistor,
" regpectively;
said current-to-voltage 6onversion means is formed
by a third field~effect transistor having a drain and a
gate electrically connected to each other for gengrating
‘the data voltage between the gate and a source thereof by
being supplied with ﬁhe data current from said data line
via said first analog Switch;
said data retaining means is formed by a capacitor

for retaining the data voltage generated between the gate
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45 20 Cctober 2005 wherein said first analog switch is fornmed by a CMOS
transistor. 19. A driving nmethod of an active matrix type display
apparatus, said active matrix type display apparatus including: an
~electrooptic device; a nd current witing type pixel %Q@E%V¥§&§rranged in
a matrix manner, said pixel circuits each witing |um nance data-to said
el ectrooptic device by a data current supplied through a data line, said
dri.ving ‘method conprising:. dividing-a data line current for driving said
data line into the data current for witing the |um nance data to each of
sai d pixel_circuits and a remajning bypass current, and thus supplying the
data |ine %Qéréhﬁ.sﬁﬁfc%\ﬂ?i%?h% ﬁg%ﬁ%dfbﬁléneééetvetnansiatéypeandisplay
apparatus, said active matrix type display apparatus including: an elec
.trooptic devi cefaind dadmiae maamist iimg fomreedilyela diawauid Eiasi@nged in a
matri x manner, said pixel circuits each witing |um nance data to said
ei ect r ooptiifeateinpadiys tnr dadrmeatra®nin seepl éedyidy oagiy a data line, said
driving nethod conprising: supplying part of a data line current for .
driving sdied tdebop tiineead dhamBiFb G LY dukrferPl 68l r &y QUidefiqr  Witing
t he-1 um nance data' and passing a renmaining part of the data line current

~as a bypads confjentctibnoudfdsaid third field-effect transistor.
15. An active matrix type display apparatus as
" c¢laimed in claim 14,
i;} o Wherein said-current mirror circuit has a mirror
ratio set such that a drain current flowing in said third
field-effect transistor.is greatef thén a drain current
flowing in said fourth field-effect transistér.'
. l16. An active matrix type display apparatus as
cléimed in claim l4lor 15,
.wherein said first field-effect transistor
third field-effect transistor are of opposite conduction -
types frdm_each other.
17. An active matrix type display apparatué as
claimed in any one of claims 14 to 16,

- wherein said first field-effect transistor, said
second field-effegt transistor, said third field-effect
transistor, and said'fourth field-effect transisto? are
each formed bj a polysilicon thin film transistor.

18. An active matrix type display apparatus as

- claimed in any one of claims 12 to 17,
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46 20 Cctober 2005 part of another pixel circuit connected to the same data
line. 21. An active matrix type organic el ectrolum nescence display

apparatus conprising: a pixel. unit formed by arranging current witing
type pixel circuits in a matrix manner, said pixel ciF&{FteRerdd®h having an

organi c el ectrolum nescence device with a first el ectrode, a second

el ectrode,. and an organic layer including a light emtting | ayer between
the first electrode and the second. el ectrode, and said pixel circuits each
writing lum nance data by a data current supplied through a data line; data
|l ine driving nmeans for supplying |um nance data to said pixel circuits
as'a data line curr ent via _data lines; and current control neans for

di vi di ng the dat ¥*fFRet 3t ehtrhupialey rrdmcdaild deraedi R drivi ng means
into the ﬂg%atcurrenﬁ-for witing the |um nance data to' each of said

pi xel cir&Urts RS 4 F®hmi ni ng bypass current, and thus driving the data

line current. 229.Am atdiwendBiddned We ﬁ%ﬂi&@'ﬁ%‘?&fﬂ! yjJiescence
di spl ay apparatus as clainmed in claim21, wherein sard currént control
means i s ﬁﬁ@ﬁh@?dabﬁaratus, said active matrix type disblay
apparatus including: an electrooptic device; énd current
writing type pixel circuits érranged in a matrix manner,
said pixel circuits eéch writing luminance data .to said
fg) | -electrooptic devicg by a data current supplied through a
data line, said driving method comprising:

dividing a data line current for driving said data
line into the data current for writing the iuminance data
‘té each of said pixel circuits and a femaining bypass
current, and thus.sppplying the data line current.

20. 2 dfiving method of an active matrix type
display aﬁpafatus, said active matrix type display
apparatus including: an electrooptic device; and éurrent

'“) w?iting type pikel circuits arranged in a matrix manner,
said pixel circuits each‘writing luminance data to said
electrooptic device by a data current supplied througﬁ a
data line, said driving methﬁd ¢omprising:

supplying part of a data line current for driving
said data line as the data current to a pixel circuitifor'
writing thelluminance data and passing é remaining part

qf the data line current as a bypass current through a
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47 20 Cctober 2005 each block formed by a plurality of pixel circuits
connected to an identical data |ine of said pixel unit. 23. An active
matri x type organic el ectrolum nescence di splay apparatus as clained in
claim 21 or 22, wherein said bypass current of said da?fctPsie®%urrent is
equal to said data current, or said bypass current is greater than said
data current. 24  An active matrix type organic el ectrolum nescence

di splay apparatus as clained in claim '21;, 22 or 23, wherein said pixel
circuit includes: a first analog switch having one term nal connected to
said data line and controlled by a first scanning line to be selected and
not to be Befectedrneiheemixel volragd commrdissh tredhe cemeedaed t o

anot her termnal of said first analog switch, for converting the data
current inpineed via said first analog switch into a data voltage; a
second anal og switch having one termnal connected to an output term nal
of said current-ta- vehtageiconwetsioniy@ansrandicontrolled by a second

scanning line to be selected and not to be sel ected; data retaining neans
connect ed d1@aneiineli deydamad display apparatus comprising:

a pixel unit formed by arranging current writing
type pixel circuits in a matrix manner, said pixel
circuits each having an organic electroluminescence

EQ} device with a first electrode, a second electrode( and an
organic layer indluding a light emitting layer between
‘the first electrode and the sedond_electrodé, and said
Apixel circuits each writing luminance data by a data
current supplied through a data liﬁe;

data line driving means for supplying luminance
data ;o said pixel circuits as a data line current via
data lines; and

current control means for dividing thé data line

_“} chrrent supplied from said data line driving means into
the'data‘current for Writipg the 1uminance data to'éach
of said.pixel circﬁits and a remainingvbypaSS current,
.and thus driving the data line current. |

22. An active matfix type organic
electroluminescence display apparatué as claimed in claim

21, |

wherein said current control means is provided in
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48 20 Cctober 2005 of said second anal og switch, for retaining the data

vol tage supplied fromsaid current=. to-voltage conversion neans via said
second. anal og switch; and driving neans for dr|V|ng_sgldtgéect%gppylc
device according to the data voltage retained by said %@?a‘ﬂggialnlng
nmeans. 25. An active matrix type organic electrolum nescence display _
apparatus as claimed in claim24, wherein said first anal og smﬁtph and said
second analog switch are formed by a first field-effect transistor and. a
second field-effect transistor, respectively; said current-to-voltage
conversion nmeans is forned by a third field-effect transistor having a
drai n and eaclyatboek ebtrnedlby €£anerd ik o eachkeat kerrddresgenerating - the
" data voltage between the 'gate and a source thereof by being supplied with

the data ctsimnttdd ore sl di it ddnegaed a 154 & I8 313139 §Wict ch; said
data retaining neans is formed by a capacitor for retaining the data

vol t age generateq3petM§egcgp@eg@é@rﬁgngbﬁgm%fggﬁfg of said third
field-effect transistor; and said driving neans is formed by a fourth
fi ._el d eff %c‘itectﬂ’raﬂ%nﬁtn%rsc%mecﬁti%%lia@ Sa%rpiaersatvt\{ist gss%ilgimed in elaim

21 or 22,

| wherein said bypass current of said data line
current is equal to said data current; or said bypass
zx)‘ current isrgreaterrthan said data currént.

24. 2n active matrix type organic
electroluminescence display apparatus as claimed in.claim
21, 22 or 23,

wherein said pixel circuit ipcludes:

a first analog switch having one terminal connected
to said data line and controlled by a first scanning line
to be selected and not toibe selected;

current-to-voltage confersion means connectgd to
aﬁother terminal of said first analeog switch, for
converting the data current inputted via said first
analog switch into a data voltage;

a second analog switch having one terminal
conﬁected‘to an output terminal of said current-to-
voltage conversion means and controlled'bf a second

scanning line to be selected and not to be selecte&;

data retaining means connected to another terminal
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49 20 Cctober 2005 el ectrooptic device and formng a current mrror circuit
in conjunction with said third field-effect transistor. 26. An active

trix type organic electrolum nescence display apparatus as_clained in
g?ain125ypmhergin said current mirror circuit has a ni??@?”&?&@ﬁo set such
that a drain current flowing in said, third field-effect transistor is
greater than a drain current flowing in said fourth field-effect :
transistor. 27. An active matrix type organic electroluninescence display
apparatus as claimed in claim 25 or 26, wherein said first field-effect
transistor and said third field-effect transistor are of opposite .
conduct i orP % yifee fgesmrhoin®tdmrswitclp8. £oin motd ive myatttiex datpe Or gani ¢
‘el éctrol unnescence di splay apparatus as clained in any one of claims 25
to 27, wherditagsaisifilristd ffimdnd-effectur temansicstverl,ta3d donsRe@REn
field-effect. transistor, said third field-effect transistor, and said

fourth fi elednef el dariansiesdodrd &R 1RAC Widked by @ pol ysilicon thin film
transistor. 29. An active matrix. type organic el ectrol um nescence
di spl ay apparatuér@$iﬁbahﬂﬁﬂsiPoﬁnﬁriving said electrooptic device
according to the data voltage retaiﬁed by said data
retaining means.
25. An active matrix type organic

l“> electroluminescence display apparatus as claimed in elaim
24,

whereiﬁ said first analog switch and said second
analog switch are formed by a first field-effectl |
transistor and.a second field-effect transistor,
regpectively;

said current-to-voltage cpnveréion means is formed
by a.third:field-effect transistor havingra drain and a
géte electrically.connecfed to each-other for generating
the data vo;tage between the"gaﬁe and a source thereof by
being supplied with the data current froﬁ said data line
via séid first analog switch:

said data fetaining means is formed by a capacitor
for retaining the data voltage generatéd between the gate
and the source of said third field-effect transistor; and

said driving means is formed by a fourth field-

effect transistor connected in series with said
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50.20 Cctober 2005 one of clainms 24 to 28, wherein said first analog switch
is formed by a CMOS transistor. 30. An active matrix type organic

‘el ectrol um nescence display apparatus conprising: a pixel unit formed by
“arranging current witing type pixel circuits in a matf PR, said

pixel circuits each having an organic el ectrol um nescence .device with a
first electrode, a second el ectrode,.and an organic layer including a |light
emtting |ayer between the first electrode and the second el ectrode, and
.said pixel circuits each witing |um nance data by a data current
supplied through a data line; and current control neans for effecting
control suehecthapppartdetriaedand EbpRigsyr seBtirtentdhi¥i-9y é?&gugﬁta line
is supplied as the data current to a pixel circuit for witing the .

| um nance dat acafdnatiemewdtAgsDYRaEEirGUELEDE LBt S h a part of
anot her pixel circuit connected to tﬁg sane data P?Eesgﬁﬁgigﬁgﬁbtive

Clai m 30, aher o o he et oL EUr T Lol Btheaal d current control |
means to saldcpdeﬁmiﬁéénéﬁcéfﬁiHﬁﬁgf”éﬂﬂgygﬁﬁs as claimed in claim,
. 25, ’ . '
wherein said current mirror éircuit haé a mirrof
rat%o set sgch that a drain current flowing in said third
RN . field-effect transistor is greater than a drain current
-flowing in said fourth field-effect transistor.
. 27. An active matrix typé organic
eiéctroluminescence display apparatus as claimed iﬁ claim
25 or 26, o
wherein said first fieldféfféct transistor and said
third field-effect transistor are of opposite conduction
types from each.other. . SO
28. An active matrix type organic
H | electroluminescence display appdratus aé‘claimed in any
M) - - one of claims 25 to 27; |
wherein‘said first field-effect transistor, said
'second field—effeqt transistor, said third field-effect
trépsistor, and.said fourth field-effect transistéf are
each formed by a polysilicon thin film transis£or.

29. An active matrix type oréanié

electrolumipescende display apparatus as claimed in any
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51 20 Cctober 2005 current driven by driving neans. 32. An active matriXx
type organic electrolum nescence display apparatus as clained in claim
30 or 31, wherein said pixel circuits each include: a first anal og switch
havi ng one term nal connected to said data |ine and c8hPrigrarédldy a first
scanning line to be selected and not to be selected; current-to-voltage
conversion nmeans connected to another termnal of said first anal og
switch, for converting the data current inputted via said first analog
switch into a data voltage; a second anal og sw tch having one tern na
connected.to an output termnal of said current-to- 'voltage conversion
means and controlled by a second scanning line to be selected and not to
be sel ect e@™¢ @4t §1eéma| Af nfondins connected to another terninal of said
second anal og swifch, for retaining the data 'voltage supplied fromsaid
c-urrent-to-vol t S§ETEdRvVER &F ohirsie e lvica ssditdhsésoidrandl by switch; and
driving negﬂé fgr driving said electrooptic device according to the data
vol t age reta e rQQSéﬁf data retaining neans. 33. An active matrix type

oi ~gani c . 30. An active matrix type organic
electroiuminescence display apparatus comprising:
a pixelrunit formed by arranging curfent writing
typé pixel circuits in a matrix manner, said pixel
{w} - circuits each having an organic electroluminescence
device with a first electrode, a second electrode, and an
organic laver including a light emitting layer betwéen
the first electrode and the second electrode, and said
pixel circuits each writing luminance data by a data
currént supplied through a data line: and

current control means for effecting control such
‘that part of a data line current for driving said data |
line is suppliéd as the data current to a pixel circuit
for writing the luminance data and a remaining bypass
current is passed through a part of another pixel circuit
connected to the same data line.

31, 'An active matrix type organic
electroluminescence displayrapparatus as claimed in claim
30,

wherein the data current supplied from said current

control means to said pixel circuit is greater than a
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52 20 Cctober 2005 el ectrolum nescence di splay apparatus as clai ned-in
claim 32, wherein said first scanning line is shared between a pixel
circuit to which the lum nance data is witten and a pix6l circuit to
whi ch the lumnance data is not witten. 34. An activ@jﬂﬁ?‘¥ 29%ype organic
~.electrol um nescence display apparatus as clainmed in claim32 or 33,

wherein said first analog switch and said second analog switch are forned
by a first field-effect transistor and a second field-effect transistor,
respectively; said current-- to -voltage conversion nmeans"ls 'fo'rired by a
third field-effect transistor having a drain and a gate electrically '

connect ed dwrwach atihemn flor Qendmt iftGnishe data vol tage between the gate
and a source.thereof by being supplied with the data current-from said

data line via sapd fifisicenaoghem ciypsaldidata retaining nmeans i's
formed by a capacitor for retaining the data voltage generated bet ween t he

gate and dihe SQHn qnqn%%csem tig @qagﬂfgggg%gﬁgt Lransisieriqangd,  said

dr|V|ng means is forne fou t Fans: s or Beorfhtcted in
series mn%@ sg£d31'

wherein said pixel circuits each include:

a first analog switeh having one terminal connected
to said data line and controlled by a first scanning line
to be selected and not to be selected;

current-to-voltage conversion ﬁeans connected to
another terminal of eaid first analog switch, for
converting the data current inputted via said first

" analog seiteh'inte a data'voltage;

a second analog switch having one terminal
connected to an outpﬁt terminal of said current-to-
voltage conversion means end controlled by a secqnd
scanning line to be selected and not to be selected;

data retaining means connectea to another terminal
of said second analog switch, for retaining the‘aata
voltage supplied from said curreﬁtfto—voltage cbnversion
means via said second analog switch; and

driving means for driving eaid electrooptic device
according to the data #oltage retained by said data

‘retaining means.

33. An active matrix type organic
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53 20 Cctober 2005 el ectrooptic device and formng a current mrror circuit
.in conjunction with said third field-effect transistor. 35. An active

matri x type organic el ectrolum nescence di splay apparatus as clained in
claim 34, wherein said current mirror circuit has a nif¢9stoberdfdSo set such
that a drain current flowing in said third field-effect transistor is
~greater ‘than a drain current flowing in said fourth field-effect
~transistor. 36. An active matrix.type organic el ectrolunm nescence display
apparatus as clainmed in claim 34 or 35, wherein said first field-effect
transistor and said third field-effect transistor are of opposite

conduct i o lenyed vviomseaglr eotdiepl a37 apMaratciisvas ooabiinsdt Ypecoegani c-

el ectrol um nescence di'splay apparatus as clained in any = one of clains 34
to 36, whéiein said first field-effect transistor, said second
field-effect transistor, said third field-effect transistor, and said

fourth field-ef fegéréiansislorinke s€ATNAL Bk by aalafidd Gkt hin film

transistor. 38. An active matrix type organic
- & pixel circuit to which the luminance data is written

and a pixel circuit to which the luminance data is not
written.
34. An active matrix type organic
;‘)_ selectroluminescence display epparatus as claimed in claim
32 or 33,
wherein said first analog switch and said second
analog switch are formed by a first field-effect
transietor and a second field-effect transistor,
respectively;
said current-to-voltage conversion means “is formed
by a third field-effect transistor having a drain and a
gate electrically connected fo each other for generating
the data veltage between the gate and a source.thereof by
being egpplied with the data current from said data line
via sgaid first analoé switch;
said data retaining means is formed by a capacitor
~for retaining the data voltage generated between the gate
and the source of said third field-effect transistor; and
said driving means is'formed by a fourth field-

effect transistor connected in series with said
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el ectrol um nescence di splay apparatus as clained in any 54 20 Oct ober 2005
one of clains 32 to 37, wherein said first analog switch is fornmed by a
CMOS transistor. 39. A driving nethod of an active nmatrix type organic

el ectrol um nescence di splay apparatus, said active na?}@%3W§ﬁ@Eorganlc

el ectrol um nescence display apparatus including current witing type pixel
circuits arranged in a matrix manner, said pi-xel circuits each having an
organi c el ectrol um nescence device with a first el ectrode, a second

el ectrode, and an organic layer including a light emtting |ayer between
the first electrode and the second el ectrode, and said pixel «circuits
each witif§ertmpenhte @ayacbyamddébamtmgr&ntuﬁﬁ@@t|mﬂrfhf0ughc@16ata l'i ne,
said driving nethod dividing a data line current for driving said data
line intolsheonthtmc clon end th ofaid i thigd theel and Negee €aids{Proeach of said
pi xel circuits and a remai ning bypass current, and thus supplying the data
line current. 4G5 A di WUqEPHAY saf (3BagLLYR Rl riX type  organi o

el ectrol um nescence di spl ay apparatus, ~Sai acflve matrTi x type organic

el ectr ol undyeesioericmidiespleay e dipanalyuspbaehydsNgs CHLE @RbaWMA tENDid YPe pixe
circuits arranged in a matrix nmanner, said pixel circuits each

r

wherein said current mirror circuit has a mirror

ratio set such that a drain current flow1ng in said thlrd

field- effect tran51stor is greater than a drain current

R

flowing'in said fourth field-effect transistor.

36. An active matrix type organic
electroluminescence display apparatus as claimed in claim
34 or 35,

wherein said first field—effect transistor and said
third field-effect transistor are of opposite conduction
types from each other.

37. An-active matrix typé organic.
electroluminescence display apparatus as claiﬁed in any
one of claims"34 to 36,

whereln said first field-effect transistor, said
.second field- effect transistor, said third fleld effept

'tran31stor, and said fourth fleld effect tran51stor are
each. formed by a polysilicon thln film transistor.

38. An active matrix type organic

electroluminescenée‘display apparatus as claimed in any
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. having an organic el ectrol um nescence device wth a first 55 20 Cctober
2005 el ectrode, a second el ectrode, and an organic layer including a |ight
emtting |ayer between the first electrode and the second el ectrode, and .
said pixel circui'ts each-witing |uminance data by a2di@stabesgi%ent
supplied through a data line, said driving nethod supplying part of a data
line current for driving said data line as the data current to a pixel
circuit for witing the |um nance data and passing a renaining part of
the data line current .as a bypass current through a part of another pixel

circuit .connected to the sane data line. 41. Display apparatus operable in
acco_rdanceO éth tﬂe.nntgfd of _clainms 20, 21, 39 or 40. 42. D splay
apparat us ofcafiy ©halBF 4 aits™ to 19, operable in accordance with the

met hod of claim20, 21, 39 or_40. 43. An active matrix type organic
electroluninesce%%%r%ﬁ%ﬁ?%v?éﬁﬁﬁﬁéFW?lﬁﬁ EraitRE 29 fermsed bpeprable in
accor dancecmb hi £ Jlod of claim39,or 40. 56 ABSTRACT ACTIVE MATRI X

TYPE DI SPLAY APPARATUS, "ACTI VE MATRI X TYPE
: 3%, A driving_method of an active matrix type

organic electroluminescence display aﬁparatué; said

active matrix type organic electroluminéscence display

apparatus including current writing type pixel circuits
L;} | arrapged in a matrix manner, said pixel circuifs eacﬁ
having an organic electroluminescence device with a first
electrqde, a second électrode, and an orgénic layer
including a light emitting iayer between the first
eiectrode'and the second electrode, and said pixel
circuits each writing luminance data by a data current
supplied through a déta line, said driving method
dividing a data line current for driving said data line
into the data current for writing the luhinance data to
each of said pixel circuits and a remaining bypass
curreﬁt, and thus supplying the data line current.

40. A driving method of an active matrix type
organic electroluminescence display abparatus, said
active matrix type organic electroluminescence display
apparatus'including current writing type pixel circuits
afranged in a matrix manner, said pixel circuits each

having an organic electroluminescence device with a first
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" {he data GdFCERE

ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRI VI NG METHODS THEREOF
An active matrix type organic EL display apparatus according to the

present invention which apparatus uses current mwiting %yge pixel circuits
is provided with a current control circuit for each of?{§5r8er2Ptres
connected to the pixel circuits. The current control circuit supplies
part of a data line current to a pixel circuit as a bypass current, The
current control circuit handles the bypass current of the data line
current represented by (data.line current = data current + bypass
current). Theregy, the data line driving current can be set greater than
£IroRi AGCPRAOBYRCFETSCprdvfidel PRIARAE HRXEYF circuit, thus

reduci ng | um nance data witing tinme. Also, when the witing tinme is set
unchanged1nCipdasPstot ighteenti tthag TFIgepriowtdeeni hhehdipskel circuit can

be reduced.
electrode and the second electrode, and said pixel
circuits each writing luminahc; data by a data current
supplied throﬁgh a data 1line, éaid_driving method
éupplying part of a data iine current. for driving said
data line as the data current to a pixel circuit for

{w) writing the luminance data and passing a remaining part
of %hé data line current as a bypass-curreﬁt through a
pa;t of another pixel circuit connected to the same data

line.

41. Display appdratus operable in accordance with

the method of claims 20, 21, 39 or 40.

42. Display apparatus of any one of claims 1 to 19,

operable in accordance with the method of claim 20} 21,

7-39 or 40.

43. An active matrix type organic
electroluminescence display apparatus of claims 22 to 38

- operable in accordance with the method of claim 39 or 40.
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ABSTRACT.

ACTIVE MATRIX TYPE DISPLAY APPARATUS, ACTIVE MATRIX TYPE
ORGANIC ELECTROLUMINESCENCE DISPLAY APPARATUS, AND

DRIVING METHODS THEREOF

An active matrix type organic EL display apparétus
according to the present~invéntion which apparatus uses
éufrent writing type pixelrcircuits is provided with a
cﬁrrent control circuit for each of data lines connected

to the pixel circuits. The current control circuit

- supplies part of a data line current to a pixel circuit

as a bypass current. The current control circuit handles

the bypass current of the data line current represented

by ({(data line current = data current + bypass current).

' Thereby, the data line driving current can be set greater

than the data current flowing through TFTs provided in

the pixel circuit, thus reducing luminance data writing

time. Also, when the writing time is .set unchanged,

transistor size of the TFTs provided in the pixel circuit

can be reduced. .

Figure. 7
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