20 Cctober 2005 ACTIVE MATRI X TYPE DI SPLAY APPARATUS, ACTIVE MATRI X TYPE
ORGANI C ELECTROLUM NESCENCE DI SPLAY APPARATUS, AND DRI VI NG METHODS THEREOF
"FIELD OF THE | NVENTI ON Thei present invention rel ates 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 display apparatus using an organic-material electrolum nescence
"(hereinafter described as organic EL (el ectrol um nescence)) device as an

el ectrooptic device, and a driving method thereof. A liquid crystal display
usi ng a | PGETH EcMRIRAK TYRE| DASFLAY HBPARAGESI, cACHIVE MATRIX flFPEexanypl e,
has a |arge, nunber of pixels arranged in a matrix manner, and controls

| i ght i ntensiGREANT @& FEGIRCGI UMICTRACHNGE (DO SHIHOrARRARATUH, 2AND mage to be
di spl ayed, thereby effecting driving for image display. The sane display
driving is effected by an ormine BleTHeEM ayursiow a current-controll ed.
type el ectrooptic device, for exanple an organic EL device as a display
devi ce of a pixel. The organic EL device has a structure fornmed by 1 20

- COct ober 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




sandwi ching an organic | ayer made of organic 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

devi ce. The organic EL device has advantages such as high i mage contrast

and highr .spheed. 4 A rgani_c EL displ ay. usi t.he organic EL
devi ce as Sz;%%gﬁslp zi“?/l %glviocglé%flcarigg’fgl dage Ofd'o Fed S Hakeaing

I'S consi promsing as a next-
generation _f]l at-.panel As drivin t hods of t c EL

di spl ay., he organj

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 '
enitting aéﬁ?ké-apléégﬁ pPx 8PPild edetactlg. delhicte e SFESHHPR At ri x net hod
has a sinple construction, the passive matrix nmethod has probl enms such as
di fficul t ynieRtedafremnghs rat§edri gntaetthni ororndicspleaer @d e ot her
hand, the active matrix nmethod can maintain light emssion of the organic
EL. devi cehpheeashipiirekedf 6rom tper roddef inhe themergamdct Hewvefrore 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
Idevice. 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-
genera;ion flat-panel display.

As driving methods of thg organic EL display, there
are a passive matrix method and an active matrix method.
The passivg matrix method emits light only at a momént

" when a light emitting device of each pixel is selected.
While tﬁe passive matrix method ﬁas a éimple construction,
the passive matrix method haé problems such as difficulty
in ;ealizing a largelhigh-definition display. On the
other han&, the active'matrii method can maintain light

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

period of one frame, and therefore may be said to be a
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driving met hod 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 deyjce in a
pi xel circuit for controlling brightness of each pixe?¢6eﬁﬁ¥¥% 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 fo%ﬂireasons meptioneq .in the followi,ng. Aliquid crystal display

using a |ifftHRE PREHOG TR & TS gney @i Sdr2 e HiseaIl U ol 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 wEPt BRgarypeephrelixi tgneterganschBhadisnlay. shown in FIG
1. Acircuit configuration of a voltage witing type pixel circuit is
shown i n EQGyAlikonshdnim ifd 1k Grabsiamoact(rve) mitkr igenkype 1er gaeidc EL
di splay has a | arge nunber of pixel circuits 101 arranged in a matrix
nmanner, anrd repeattd v ideiviige3 id0aOptigber c2@0Rit for controlling
brightness of each pixel. Controlling variations in
. characteristics of the thin film transistor and
i\) 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 transistor in the pixel circuit. This is for
reasons mentioned in the following.
A liquid crystal display using a liquid crystal
cell as a display device of a pixel controls luminance
data of each pixel by a voltage value. On 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 circuits is schematically shown in FIG.
1. A circuit configuration of a voltage writing type
pixel circuit is shown 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 t %gZ-ngﬁ&guentially
by a. scanning line driving circuit 103. A pi xel arrangg faper m col unms
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 111 having a cathode connected to a first power supply (for exanple
negative power supply); a P-channel TFT 112 having a drain connected to an
anode of th&ipaggs dakk byesupelyirgandicalssineaceofnsat éd fofarsecond
power supply (for exanple ground); a capacitor 113 connected between a
gate of tké VPItay2 &mdmt hevedtepd pgoweingsuppkydadadianeNdcheimel TFT 114
having a drain connected to the gate of the TFT 112, a source connected to

the dataclireeit0O%0¢16brdutyh d485an)inapdiasgat eoconpeatendite the scanning
line 102 (102-1 to 102-n). In the thus forned pixel circuit 101, the TFT

114  sel egksetbenpi ¥ehnhohgW ihibpg1bbe1l upl Dapce dagdenenghrigonyrols the
capacitor 113 to retain the |lum nance data voltage. The capacitor 113
retains tBeahdihganefe dat 8vng0crLQPEr 18905 o pixel arrangement of

m columns and n rows is shown in this case. Of course, in

this case,'the number of data lines is m and the number

of 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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vol tage supplied through the TFT 114. The TFT 112 drives the organic EL
device 111 according to the |um nance data voltage retained by the
capacitor 113. In this case, letting Let be |lumnous b h htgeéﬁ of the
organic EL device 111, lel be a current flow ng throug TP Yani ¢ EL
device 111, Vth be a threshold voltage of the TFT 112, k be a constant of
proportionality, and Vdata be the data voltage retai.ned by the capacitor
113, when the TFT 112 is used in a saturation region, the follow ng
equati on holds: Lel oc lel k(Vdata - Vth)2 ... (1) where k = 1/2 /2 Cox
-WL, wherein /.c is mobility of the TFT. 112.; Cox is gate capacitance per
unit area; V¥ Fagqyatermi ik thuriah  EheyfPRT | Jeh@t h.Thas TR @ligadrfivem t he
~equation (1), the value of the current supplied to the organic EL device
111, that tﬂse ondwnid wrBInalesvibrd ghthesscafdime tor gelne clibhideviealaltkl i s
affected by variations in the nmobility It (cc k) of the TFT 112 and the

t hr eshol d wadl teage Pdtnided fractthd tedsadinayw 1 1hat anor phous silicon and
polysilicon used to formthe TFT have inferior. crystallinity and inferior

control lability of thescendust iBgtAREN@RISHEt Quiii AGhG- b%mgﬁttalesél becon, and
thus the TFT has great variations in 5 20 Cctober 2005

the organic EL device 111, Iel be a current flowing

through the organic EL device 111, Vth be a threshold

7 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)? (D)
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




tra'nsistof characteristics. It is therefore difficult to fabricate a
hi gh-qual ity organic EL display having a nunber of gradation |evels that

~nmakes it possible to display a natural picture by usi{lﬁ th \éﬁ&nage
witing type pixel circuits. As a nethod for solving Q"fﬂ%‘c’)‘ t he

present applicant has proposed a current witing type pixel circuit to
which lum nance data is witten in a formof current (see International

Publ i cati on 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 THtHOYFEETofitrtadtenl st¢9 st Irovder s fone ol ffiamiite tonegat i ve
power supply); a P-channel TFT 122 having a drain connected to an anode of
t he or ganiftRiaddid e Hizmh - gl &t 15 ourgsn tonkle od b tay shaetonc power suppl y
(for exanple ground); a capacitor 123 connected between a gate of the TFT

122 and t memdegond goweta tsiuppl yevens Nlohamgtes THT g fisd ngp @ drain
connected to a data line 128, and a gate connected to a first scanning

line 127AdizpRayChamaahurBAT phi2fr iavinig s iH@l thand B LA &0 meeted to a
source of the TFT 124, and a source connected to the second power supply;

‘and an N- chaenekxERT 326 yhawi.ng a 20 COct ober 2005 drain connected to the
drain and gate of the TFT 125; 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 127B. 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¥resammattad es tivy gata @l 2k FEhd Zocemd scaatieng | i nes
127E-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 drixing CIFSUII 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@MRINIES i b vJown)clinvuiie 13 2Ruries prare ded eat adrighturn on
the TFT 124 and the TFT 126 (see FIG 3). In this case, 8 20 Cctober 2005
the TFT 128 dsomfertts thecdlummante datiaeC WheeRtedonido 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 Iunin28ée @%%&P current to
the organic EL device 121 to thereby drive the organi fto e 121.
Letting WL be gate width of the TFT 125, L1 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 brightness Lel of the organic EL device
121 of each of the pixel circuits 131-k-1 to 131- k+2, and a current |et

flowing thrqu rgani c EL  .device 121 satisfy the follow ng relation
Lel x Iet q{‘%z%fg ﬂ%\/ﬁ/‘%ﬂveﬁw the pymigance qaty MrhetthdEQuation (2),
the witten g%;a cu&rent Iw.is in 5&oportion to the current lel flow ng
through t K&16P§4&ni cTRE GBYREAteF112¢nERtRABFetAPeVRbtagar PRERDA.A N

transistor characteristics of the TFTs 125 and 122 di sposed in a | ocal
area withPy the giopdiergion f ofhengFrhé28urpaneridrtbe tumtwdncevari ations
in the |lumnous brightness of the display are conpensated for. Thus, by
usi ng t hedatir #at twoiet negatyed piyxehecicepaictisor9120 Qotober 2005t 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 int acti trix type
organic EL display using the current witing type pixg§09PV%é&F£Bas
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 /.t or less, a current
flowing through an organic EL device of one pixel is at nost a few 10
/.GA or less. For display of many gradation |levels, for exanple 256 -
gr adat i on Y%evdl £O5§51 et d&aiz ¢ @1 Qrdatglc £l gt ohayingnva o a few
10 nA or |less. In order to shorten the data current witing time, it
suffices t8¥g8t tamberr Gf (Gitspd aof anrdlaturanedtevieilsrorthadi deui @ t o be (W2/L2)
< (WL/L1) and increase the witing data current. However, increasing the
writing cormber ofeagwadgltdtona lgvedts dlmatemiakeseds troskdbpassed t hrough t he
TFTs 124 and 125. Then, size of the TFTs 124 and 125 needs to be
i ncreaseddighilelr mesaltizailnpdrthuter.ease in size of the pixel circuit.
Thus, in an organic EL display wusing current witing type pixel circuits,
shortening the lfowdvért obeen 2006 Uahandhédi dged i 1B APde degreqasing the size
of the pixel

pixel circuit in the active matrix type organic EL

'display using‘the current writing type pixel circuits as
1¥) | described above, impedance of the data line is increased,
and therefore a writing tiﬁe.required to write the data
cﬁrrent 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 are in a trade-off relation with each other. Letting the nunber of
scanning lines be Nscan and franme frequency be f, the data witing tine
Twite is expressed by the followi ng equation: Twite _(%%’f‘sé\@ an) ...(3)
As is clear - fromthe equation (3), in order to i ncr easd Q9be and
resolution of the organic EL display, it is necessary to shorten the data

writing tigeedWyite;agde dhet QﬁdS&@ergmnge%@aﬁzghsf%és gk xLhe pixel

circuits. Thus, both Shortening the data witing tine an decrea5| ng the

e e pELs RS D, @%ﬁﬂf%&g%hﬁn%ﬁﬁn BErents 3?' he

_present inventio rovi de .an act,iv tr|x e di spl.ay apparatu
active matrix anr}aegti’\}’eqr’?ﬁ{erlrﬂlttiﬁpr %‘T%‘V‘ ?J'g %rpg‘%‘?\ﬁeﬂ tr|x

type organic EL di splay apparatus, and driving rret hods thereof that make it
possi bl e t%r?rﬁ%r@é%‘é“?‘h‘"eydl?%p‘fayt]%‘?z@a’éﬁdWFéEbP%’ltFbﬂeb?WFéHﬁciLﬁg the data
witing "time while preventing an increase in size of transistors in a

pi xel circeRRremEed Py ukkenfolkoing eypetpPRel 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
line control circuit” in enbodinents) for driving the data |line current
supplied fromthe data line driving mneans as a data current for witing
the | um nance data to each of the pixel circuits and a remaining, bypass

current. According to a second aspect of the present invention, there-4ds ...

provi ded an active matrix type display apparatus conprising: an

el ecttooptic dexé&Raidy RLXElsi U arranging pixel circuits in a
matri x manner, said E%&el ci#cﬁ%tgggégﬁgﬁﬁ¥t9ﬁﬁen dﬁgﬁﬁﬁéﬁ'dﬁﬁéeﬂé sai d

el ect r ooprociddevarcachiweanstatia «ypdr 8 5 URRLE At I .a.data ljine; and
current control neans for effecting coﬁt%%? such fﬁgggﬁgftaé?X%Adata line
current FBtt dPFHachBY seirdraiaapideilneidcai suppl 4 edtas: hhghdat a,LyiLant to a
pi xel circuit for witing the |um nance data and a renai ni ng bypass

current ic§Rasses ddUu@iidgoaid Ofe AN PIRERN ;M @Hda B0 Cct ober
2005 connected to the same data line. According to a third aspect of the
present AP heans for supplying luminance 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 ptxel circuits arranged in a
matri x manner, said pixel circuits each witing | uni ndR&&8e280% o said

- el-ectrooptic device--by a data current._supplied. through-a..data-l}ine,-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 tbereaig peevidedm dnivipge ngtbptlagf sppacative matkdidi hgpe an
el ectrooptic device; and current witing type pixel circuits arranged in a .
mat ri x mEmpdRy goiakaiiveel cdid wdisiwaai ik itypd uWispmee data ‘to said
el ectrooptia device by.a 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 | unviaReaqdaydead xRas Tittud HLRININGAP3ht a &b i Gl dd e current
as a bypass current through a 12a 20 Cctober 2005 part of another pixel
circuit sgeanggi.ed EQrEH@t%a@%c@a%%iting 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
provided an active matrix type organic electrolum nescence displ ay

apparatus conprising: a pixel. unit fornmed by arranging current witing
type pixel circuits in a matrix nmanner, saidpixel cir€PeebeEally having 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 Bara datandtiiner quixehtcineuidaienidddesy whdidirgemd andt 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 Cct ober 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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~said pixel circuits each witing | um nance

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 200% 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 the 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 6F3Wid@dpﬁoaﬂﬁ9gnﬁnn%@?kﬁﬁ(ﬁaﬁﬂixaéwpﬁe@ﬁﬂﬁpictype organi c

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

el ectrol usl @escehaniflespkayecapRepabySappsbHLBIcomBiielhWiting type pi xel
circuits arranged in a matrix manner, said pixel circuitfs each having an

organi ¢ el ect r olaurg iescange: devien Wy hd-ddd g 1&&3&?@9{3{5{%}??5

el ectrode, a second el ectrode, and an organic layer includi , ght
em tting hygkerphedneen-dhecsif5ta ﬁggfigqggn%gglt%gigeggnglelectrode, and
ata by a T ,

ata 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 el ectrolum nescence display apparatus, said
active qairig tgge or anicdelectrolgnines ence display. a Egratus i ncl udi ng
Ccurrent WTETRY Type PPREPIcPEOFTQCearfRhody PR Hat 17X fanner, said

pi xel ciycujts, each _having an organic el ectrol uninescence device with a
first e’r’é(gi‘f‘i’cfé? % KEh eirodkeyehdPeveryaite Fa§RF including a
light emttin {ayer between the first electrode and the second el ectrode,
and sai FITKECL i t"gheea%‘hc%‘? t$HF HI Srartd it BA%eHata current
supplied through a data line, said driving nethod supplying part of a data
Tine curFerftut Foreaflt Wi dwdipssidate the adataiehe to a pi xel
circuit for _wjting the |um nance data and. passing a remaining part 12d 20

Oct ober S3RFE IR9 irarghy 3 iddacdiidn st iy aathed through a  part

of "anot her pixel circuit connected to the same data _line. The current
controlqﬁ%%ﬂi“ﬁMﬁ(ﬁ?q%skine 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 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 Oct ober 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.

126




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 di agram of a configuration of an active natrgéc%%ﬁgéﬂbfplay
apparatus according-to a first enbodi ment of the preseéent Vetiti on; FIG
8A shows a circuit configuration of a plurality of pixel, circuits
connected to an ith-colum data line in the first enbodi nent, 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 | Bz 10 shows a circuit

configuration of a plurality of pixel circuits connected to an ith-colum
data i ne i opgend eniog gent B Gerdh ety ThlambRle R * oo
12 is a tigi%% c%%ét g%étpg a driviQ%:thjn% %ela;ion in_the ith colum in
the second*efbodicent; "AIFE * FYPS QTENAG ELdA§PaMYs HEWFAg YAk 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-of pixel
circuits connectg%d tg an ith-colum data line jn g fourth enbodi ment.

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

present inventjon will hereinafter be described in detail with reference
to the driaftdlsor i ke 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 second embodiment;
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 pixel 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 for

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%lﬁgﬁégflfﬁﬁfqtSlffﬂ}ﬁ? ﬁﬁPP&C&ege-Bnan ERAAPAY™RI ne dri vi ng
circuit 13B.is_provided gn a ri%ht side of the pixel unit to drive the
second scHAffngiPenéd al%BFftPo poRAAMERSta |ines 14-1 to 14-mare arranged
one for each of the columms of the pixel circuits 11. One end of each of
the data lines 14.-1 to 14-mis connected to an output termnal for each
colum of a data line driving circuit 15. The data line driving circuit 15
wites a PERRRRABeDEHERAPELPNeAF PBEERBREDf EMRODPMEBTScircuits 11 through
the data lines 14-1 to 14-m Data current control circuits 16 are

provi ded for exadmfeond farbedicenfs tde o wmssaft invention 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 organiq EL device as 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 comonly to the data current

control circuits 16. The current control scanning Iing 71]S iven by the
( Giptet 2By

first scanning line driving circuit 13A. Acircuit con of a
plurality of pixel ,circuits 11-k-1 to 11-k+2 connected to an ith-colum
data line 147i 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 16 20 Oct ober 2005 device 21 having a cat hode

connect ed fJ 1 st, povwer., ppl for exanple. negatiyve ppwer. supply); a
P- channel é%ﬁlﬂ%{ Elalv'i n}é’egll&%gi %c%%lﬁﬁggtgﬁn?oéﬁhvjaﬁ%d%lﬁgfﬁe{?’%rggni c EL
device 21 and .a spurce connected tqQ a_ second ower supply (for exanple
ground) ; efﬁﬁﬁéiﬁ%ﬂﬂn ?3%e&&nﬁégﬁeﬁgbépﬁeBﬁxélggPétoFOtﬁélTFTtQE and the
second power supply; .an N-channel TFT 24 having a drain connected to the
dat a |ine fi4S8t Sepndngatdnggnhddr ddterol2a -pir shideannsagonine 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 26in the thus forned 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 the TFT 22 have 17 20 Cctober
2005 substantially the sane characteristics, thus formng a current mrror
circuit. | hi.s ,Ga det WLL ate width.of the TFT 24 Lil be gate
| ength ofd%ﬁéq#ﬁfq2§%vﬁk§ Secagggd%iEEHHSFEeghEOTinﬁg?taﬁﬁwfﬁz be gate
| engt h of thelTFTfZS. Al so let 1wl be a current flow ng through the TFTs
24 and 255YPEl¥cd f9at EXPERENDFI2GANEr BPFGT CEHPPLY] ed® b~ SheRE e
fabrication process, the follow ng description assunes that gate length.L
does not CHangé. BAYipg @l d5pinr 6RPPEGEedAtoqaatRO%RreEntheontrol circuit
16 includes: an N-channel TFT 27 having a drain connected to the data |ine
14-i, and®&98Bt€ EbnAevicd 2o and suppshrecoprneftedatmimgsé¢dond 17; and a

P-channel TFT 28 having a drain and a gate connected to a source of the
power supply (for example ground); a capacitor 23

donnectéd between a gate of the TFT 22 and the second
power supply; an N-channel TFT 24 having a drain
i;) connected‘to the data line 14-1i, énd a gate connected to
a first scanning iine 12a-X; a P-channel TFT 25 having a
drain énd a gate conﬁected 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 scanningiline
 12B-X. |
The TFTs 24 and 26 in the thus formed current
writipg type pixel circuit 11-k each function as an
analbg switch. The TFT 25 converts the luminance data
current to be written into a voltage. The capaciﬁor 23
retains a luminance data voltage obtained by the-fFT 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
size between the TFTs 24 and 25 in the pixel circuit 11-k. In this case,
let Wl be gate width of the TFT 27, L21 be gate | engthOsebergf® 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 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 | 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 |ine
current greater than the data current flow ng through the TFTs 24 and 25
in the pixel circuit 11, 'and thereby reduce Iuninancezgg)é 2'§ ing tinme.

In addition, when the witing tine is set unchanged,, COREIZ%r 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 %'ﬁ%%al%§n% %u&%eﬁ%Bd&+%a%re "% resented as

ESk-1 to ESk+2; and the current contraol scannin represent ed

LS. S d witten to the |er circuit in
?ﬁe kt h 353§%?ﬁ§ %F?é gg;ﬁap étﬁﬁh3n§;ka KBFRe CYEEERG ééannlng | i ne ESk
are both Eelect d._.The Ekrent contrql scanning. line LS is sel ected at
all tines. pgﬁﬁgog}ﬂﬁlPﬁa Fﬁ@gaaFQeIﬂﬁéac&FPénﬁopéFoarF&Fﬁ@lﬁhé6data line

14-i is IwQ, and that a ratio R between the data current IwW of the data
line currRt fwdaFfoGihREERA thedappkefleringi throughanbiet néxednai ni ng
current Iw2 of the data line current lw 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:Iw2:1wO Letting W1 be gate wdth of the
"TFT 124 corresponding to the TFT 24, LO1l 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): (M21/L21): (WD1/L01) (WL2/L12): (W22/L22): (W2/L02) 20 20 Cctober
2005 In this case, setting R= 1, for exanple, and SUppOSIng that the gate
| ength L-does not change, as described above, then W1 = W1 = 1/2 W1

L11 = L21a§ LOL W2 = wgz = llé L12 = L22 = LO2 Thus assum ng that
the data &GFr ERP*PREVHET A§ FRE- sﬁﬂewﬁﬁfgeth€aFE§°%§ fPRNBIRGent 1W2 s
passed thiough the pixel circuit.11-k, the gate widths Wl and W2 of the
TFTs 24 a 8 FﬁthelstaeFZErktau gre1rRpEamchtedr eguB8k- tota/ 2(hal f) of
the gate wi dths. W1 and W2 of the TFTs 124 and 125 in the conventi onal
circuit. Ffk+éthepdwbhéscunhentthentiok staphéngrhiséstdrdsin the

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 |ine current
i s thereby

IwO i s passed through:th ta,_curre control _circuit 16. It

possiblg to set Eghgﬂégtgagghes%ﬁ Tt IVngrééﬁeﬁxqﬂ%%?'tﬁﬁ“%ata current

Iw flow rqQugh- th Ts 24 and 25 in the pixel _circuit 11 while
preventingggkgﬁﬁg e&gg%iEﬁﬁhganggeﬂgththed??ﬁanﬁ-%ﬁﬁP@%n 3% is thereby
-possible to reduce the data witing tinme substantially and thus increase

t he sized§ﬁ8r95§glGPPHﬁ'th?He organi c EL di splay 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
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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

conpensate.for, varigtions in the transistor characteristics. In this case,
a directi gtﬁ“e 35Ty 1R 3 At de 0145 Deg SeAL WrRugRe tBExe8Rtani t  formed by
arranging the pixel circuits 11 in a matrix manner, that is, a vertical

di recti on G FOH LA Lt ke TAGHtUMS -di FEciPohheT Sy oprel EHboti frertgt An
active matri x type display apparatus according to a second enbodi nent of

t he presertis gadat ildaenicrnemt: Iwfe gdesdeirbgdanThbeadatzecnntenk 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
qircuit 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
?haracteristics 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 same 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 appﬁggt $ ?ﬁcordlng to
t he second enbodi nent realizes the same function as t active
‘matrix type display apparatus according to the first enbodinent by using
a pixel circuit to which no witing is being .perforned 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

enbodi mentpewsibl detspeel Iy Cbhyetiesed | fgd ‘;a{htmd‘r%l QML LA circuit

configuration of a plurality of pixel «circuits 11 to ||-k+2 connected

to an ith-oeliems et aandde dhdd th‘f’r (i:'ia' %ec%te“ Egﬁrd-" Each of

apparatus according to the secon enbodi S “Shown

the pixel Lidfdidise I- K2 ha eonf uratl n. of the current

witing type r£Spdfjxel (]:(%]aTécidU|Jtln%aV| ng fSur 4?11%1 PIEFRTR I Gphich is the

sane as the %g cuit. ac&&ggln to the first enbodinent. FIG ii and
y

FIG 12 shom1 r|V| r%ﬁ%% % Yhétmsdt tehe L prusametyigt pi xe

circuits 11-k-1 tg %%]k+2 In bot h, exanples of FIG 11 and FIG 12, x (x =
2 in the"exAfsi-edh ki X8 & reRtisadofiiTRGSdSn Asadedingd 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 firse 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 aetive matrix type
‘display apparatus according to the second embodiment |
realizes the same function as that of the active natrix
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. When 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 October 2005 = 2 in the exanple) pixel
circuits cantinuous in the colum direction are grouped as one block and a
data cur FBPLRY RPPRLELUSo a6ReTEAnEhEopithel secPadi eBbpdingat BEdEK, the
data current is not witten to the other pixel circuits in the.sane block
but the otKeEPgiciéliceiliyuidescrabedudadths Bppaswiodrrent - circuits. In this
case, a first scanning line W5 and a second scanning |line ES of the pixel
circuit to whichAtdercaita comfigtrasionidf en prrealbotih seleted. Supposi ng
that the pixel circuit 11-k- 1 in FIG 10 is the pixel circuit to which the
data cureémtuisswiitken, tboliekappkenn¥Oked apdakSkth-abeuhnt Ratsel ected.
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-eﬁbodiment is shown in FIG. 10.

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

5“) configura;ion.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_exampies 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
:1ine current fﬁr.driving the data line is writtén as a
iuminance data current‘to one of £he pixel circuits. 1In
this case, although the luminance data current is not
written to part of the other of the pixel circuits, the
pikel circuit is used as a bypass current circuit (data
current control eircuit) to which the remainder of ﬁhe

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 CREVFBETISZersingoargatoippdngtnone bheckpmsaidatan: and the
data current flowng through the TFTs 24 and 25 is IwW. In this case, the
fol | owi ngCUr&rati éfarFrégbani bh ABPdST bbheceixehecteraiteuinethelw and data
line current WO IwW0 = x IwW Thus, 1:x = Iwi:IwO 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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width WI 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 |length LO1 of the
TFT 124, and the gate width W)2 and gate | ength LO2 og bhe T5§5125 in the
pi xel circuit according to the conventional exanple (s&2PEPEE24P 1wo = x
Iw  (WL1. /L) : (WO /LOL) = (W2/L12): (W2/L02) -For exanple, supposing that
the gate |l ength does 26 20 COctober 2005 not change, as descri bed above,
then W1 = 1/xWJ LIl = L01 W2 = 1/x ' W2 L12 = L02 Thus, assum ng t hat

‘the data current having the sane current value as the bypass current is
wi dt.hs WIl and WL2_of the

witten tq.the pixel .circuit 11- e gate

TFTs 24 aﬁdciL Stzcgwf r?et(lﬁet}ﬁc’)}l&% ctihrecﬁgii"tT %%—'k%(‘:%n THRAIPE|GELAIRE1/ xIDf the gate
wi dt hs and W2 of the TFTs 124 and 125 in the_conventional circuit. In
ot her wor d&18 Pt 981 P@Tdr ofhdher §AEC8EEr sOFn thRe TBTReP4cPPEUit is  set

to be the sane as in the conventional circuit, the data |line current |wo
can be-sugétéﬁFﬁﬁﬂp% iafctdfsdgta current control 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
followiﬁg.;elational eqguation holds between the data
current Iwl and data line current Iw0:

Iw( x * Iwl

Thus,

Iwl:Iw0

1:x

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
FIG. 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 gﬂbﬁ?@@ﬂ 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 theTFTs 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 variaﬁlons in _transistor
Priabsrd%he second

characteristics is correspondi ngly reduced. Moreover,
enbodi ment, the pixel «circuit to which um nance data is not witten but

which is 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 ; e cent_on Furt hernore, even when two pixel
circuits gﬁﬁ%%ghéggFggegghw g% pFﬁv?ﬂglﬁglﬁﬂnlﬂFFééﬁpoﬁnaFBeséFééted

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
char act er FFFcan@ekpnelweirerof 6&6whema$&¢y@b dispsagtappehatagt eristics
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-vgbb%ge %ﬁ ver si on,
for exanple an N-channel field-effect transistor as th fer 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
exanpl e a ive matrix type display apparatus provided with current
witing t&ﬁ?%%ﬁééﬂo%ﬁTcuits 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.
Specifically, as for a first scanning |line 12A, scanniﬁ%OGS?ﬁgé 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 Cct ober 2005 vol tage

conversio d drai TFTs 26 and 26 o two pixels. FIG 14
shows a dﬁé& ﬁéﬁgi%?nggPélgﬁ?oﬁbﬂﬁﬁnr?ﬂﬁonplk%llﬁoﬁ??bﬁﬁ%&?E%Pl?F%M|ch t he

scanni ng TFT 4 d the current-to-voltage conversion TFT 25 are shared
bet ween §QQ5Hﬁ%&ﬁlSﬁﬁﬁ&aHén?ﬁpoéﬁéﬁaﬁpéﬁupﬁ1Pﬁ|§YEa§ean t he

same as in the fore oi ng exanple. In this case, the current-to-voltage
conver si o PEFFFTS 24napd 2Bared between two pixel s because.the TFT 25 is

‘used only at a nmonent of witing a data current. By using such a pixel
configuration |nWhhl@hthﬁesegmnﬂwnmmpdiﬁédﬁlhauihéﬁh(ﬂﬁs¢rﬂbd¢)voltage

. 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-
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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 curre 6 fl.ow t hrough an
organic EL device 21. Therefore, large transistors arg Qetatyr QQ(%I

scanni ng TFT 24 and the current-to-voltage conversion TFT 25 that d| rectly
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 - tQ,\iq: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

reatly r ce the area of the pixel circuits occupied by the TFTs and
g y 3 p P y
thus it dHpPEXEG Sextend a st acki ng arrangenent of light enmitting
units or reduce EI xel size to thereby increase resolution. Wile the
~present exanpl e F§%a Efrelpvsexafpleing tiwhinhd thkastannvhgnTEHe24 and the
current-to-voltage conversion TFT 25 are shared between two pixels, it is
obvi ous t RdkelheosdagniragiPRTiR4wandht hdecurnentingoTFrobagadcenwer 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 transistore 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. | Pessipresentgreaddmp|mdwhereha aréy @f stennpingel i derd2fed, 12A-2
is '
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 pi xel

circuit. Acircuit configuration of a plurality of pixel «circuits 11-k-1
to 11-k+2 connected to an ith-colum data |ine 14-i i PHe*5%ve natri x
type di splay apparatus according to the third enbodinent 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 Cctober
2005 enbodinment, that is, the configuration of the currentt 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 type organic EL display apparatus in which x pixel
circuits “EoffPhd8UEernSPhescEPuRhager acfisntareanainadlineoWsne 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 scaRAFAYLFEneoyBingoghairdthet 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 anmobunt corresponding to the reduction in the nunber of
scanning lines Ws. Wiile in the third enbodi ment, the2%OpPR&RO 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 WEIreof Wtd ngt Her Ted ress Tdesachhed ddeepizels of the
second enbqdi ment, for exanple, by simultaneously selecting two pixels
adj acent C&rEXEITSot Fde it tsite seaming 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 curkendctbvesehatinehongediispldy H05eDhEs Lo dSdIGR; the
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. When a low 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-source potential? BFOPHSPFT 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 LS fullﬁﬁgﬁrned on even if 'the TFT 24A is not fully

4B
turned on, sowthé?u?ﬁ YovesP sFPeEGHIS7 USRR BeuRdPPyart avatdhoAs It is to
be noted that the fore oin% enbodi ments 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. tyge el ectrooptic
device that changes brightness thereof according to a2t8ftPks£o% owi 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 ttrapnfd s Sulsdarmt T4 >25rred3t€e TRTidfEnce 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.
Wi | e t he twrafesk ced  erbddiateths @ioshe rpmedenior 2rvent e fFavgybeen
described using the specific terns, such descriptionis for illustrative
pur poses d&nmlrpedamwaeh.it is to be understood that changes and vari ati ons may
be made without departing fromthe spirit or scope of the follow 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@ devigﬁé data |ine
driving nmeans for supplying |uninance data to said pi RePEPFetits as a
data line current via data lines; and current control neans for dividing
the data line current supplied fromsaid data |ine driving neans into a
~data current for witing the |um nance data to each of said pixel circuits
and a remai ning bypass current, and thus driving the data line current. 2.
An active trix type display,apparatus as clainmed in claim1, wherein
sai d curr e 28t Feﬁ&anskgslﬁrgs?ﬁﬁayiH?SS%Q&ﬁ1Eﬁ(ﬁﬁ@f?ﬁ?ﬁﬁﬁ%@ a
plurality_qf pixel circuits connected to an identical data |line of said

pi xel uni £108. dRAVARE GETXENL 9TEPSET &hapl aydappararvenhstlewanged in
claim1 or_ 2, wherein said bypass current of said data line current is
equal to $Braught 3F%ar pepvided éai @ bypadscipunientand gheater than said

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 inciease the size
EM) and resolution of thé display.

While the' preferred émbodiments of the present
invention have been described using the‘specific terms,
such description is for illustrative purposeg only, and
it is to be understood that.changes and variations may be
made without departing from the spirit or scopé 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 terminal connected to said data line and controlled by a
first scanning line .to be selected and not to be sel et?@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
said current-to-Yol PRg@ddmremsiteix omes divpd avaiagppseasnd anal og switch
and driving nmeans 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 COctober 2005 anal og switch are fornmed by a first field-effect
transistor and a second field-effect transistor, respectively; said
current-to-vol tage conversion neans is formed by a thl@8¥f ?Iqigffect
transi stor having a drain and a gate electrically conr@EFEberEB®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 formed by a
fourth field- efféct Aransiistomaaainealyed idi gAML SpYaiiatsal dg el ectrooptic
device and formng a current mrror circuit in conjunction with'said third
field-effeeLatimaasisatenaifn. 1A gﬁf ive matrix type display apparatus as _
claimed in claimb5, wherein said current nmirror ci rc]th!tI Qasf? mtr[or _ra_tl 0
set such that a i r | NG J.N,Ssaid - 31 field-effec ransi st or
is greater than ?%%%c%ﬁ%ngtﬂ% (r}%il%n%lls% lglacltl ciegsurt h field-effect _
Lransistor. 7. An aGlise JRHS SRS, BRANE A LdlRd4nclaim

or 6, :

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
coﬁverting the data current inputted via said firét
- analog switch into ardata voltage:

a second analog switch having one terminal
éﬁnnected 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 claims 5 to 7, wherein saiépfirstpfigld-effect trans? Oeteber 8% 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 ooptamaideyisxe; teh pixeel £ormdd oy nede Dysarf add Noeplagel circuits. in  a
matri x manner, said pixel circuits each witing Iuninanceddatalpo saldd

el ect r ooptira ' resentq ] i ata line; an
current (F:)ont ﬁ?@nﬁn?ﬁ‘%rﬁﬁﬁgﬁﬁ%&dﬂtro %ﬁé‘%}faﬂ'{%}?&p@rt of a data line

current fQ@s%@E%g@%r§aid data line is supplied as the data current to a.
pi xel circui for Wi'ting the lumnance 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 generating
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 circﬁit hés‘a mirrer
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
'sai d currehdined vol tage GG $18Ams 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 fiel d-eff 865 ¥hsi stor. 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 firstmgand drigf fsecid tgeammgidstagratdy redvifiodd;d-aefdf 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-effecttransistor, said second field-effect transistor, said

third fieladeffdEecly ttansiesSt@ita ad sded Jurhbal be! dzelf ggtatransi stor are
each fornmed by a polysilicon thin filmtransistor. 18. An active matriXx

type di sphaya.aPRagakdsnds clainmed in any one of claims 12 to 17,
13. An active matrix type display appératus 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 includin
~electrooptic device; and current writing type pixel c?$@¢phs2 &pranged in a
matri x 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 mwiting the lum nance data to each of

sai d pi xel ¢ éﬁlts and a renalnlgg % pass current, and thus supplying the
data |ine & t SORrCo of 92 hg RBiRSdfbeldnehfet et mansigtoypeandspl ay

apparatus, said active matrix type display apparatus including: an

el ec. trooptic defRéd dxdFicgr memns vird thomned/ pey @ eluradl @didis -ar r anged in
a matrix manner, said pixel circuits each witing |um nance data to said
el ect rooptﬁfcfacfetvwmmea:a;tatca:ma'm Buppt Pl i GGk Ay data line, said
driving nethod conprising: supplying part of a data line current for -

driving sdiettdabop tiineleas dh Bl GlHEN &b X8l r Gy idefiqr  Witing
the lumnance data and passing a remaining part .

_ in conjunction with said third fleld-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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of the data line current as a bypass current through a 46 20 Cctober 2005
part of another pixel circuit connected to the sane data line. 21. An
active matrix type organic el ectrolum nescence display apparatus
comprising: a pixel unit formed by arranging current mﬁ??pﬁ@“QPWbe pi xel
circuits in a matrix manner, 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 emitting |ayer between the first

el ectrode and the 'second. electrode, and said pixel circuits each witing
| um nance data by a data current supplied through a data line; data line
driving neans for sugplying | um nance data to said pixel circuits as a

data |ine current?Falnaid | FHeEE avd-usmdnche 46t formadahy for di vi di ng

the data éh@g currenﬁ-supplied fromsaid data line driving neans into the
data curr f PP T ¥ t he | uni nance data to each of said pixel circuits

and a remaini ng bypas§ d&ﬂﬁfﬁg,méﬁHbéfBESéHié@ﬂ]%é:Q%IQQﬁg 1&ﬁ§ current.

22. An active matrix type organic electrolum nescence display apparatus as
cl ai ned |ﬁi@b@b@‘%bparatus, said active matrix type display

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. A driving 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:

supplving part oﬁ a data line current for driving
said data ling 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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wherein said current control nmeans is provided in 47 20 Cctober 2005 each
block formed by a plurality of pixel circuits connected to an identical
data line of said pixel unit. 23. An active matrix type organic
el'ectrol um nescence di splay apparatus as clained in cl &P Rrober 28¢5 22,

wherein said bypass current of said data line «current is equal to sai d
data current, or said bypass current is greater than said data current.

24. An active matrix type organic electrolum nescence display apparatus as
claimed in claim 21, 22 or 23, wherein said pixel circuit includes: a
first analog switch haV|ng one term nal connected to said data |ine and ‘
control | edPdyt 0 F ianethesanmixgl |¢ircuito drnrsaltect ¢ 4be wemet dalbe sel ect ed;
current-to-voltage conversion neans connected to another term nal of said ?
first analbipswitch, for converting the data current inputted via said
first analog switch into a data voltage; a second anal og swi tch having one
term nal connected tmnaficoiPutatLin tade drsaidh current-to- voltage
conversion nmeans and controlled by a second scanning line to be sel ected

and not tailketselesti@dscence 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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‘data retaini ng means connected to another terminal 48 20 Cct ober 2005 of
sai d second analog switch, for retaining the data voltage supplied from
said current-.to-voltage conversion means via sald_se&?nd anal og switch;
and driving means for driving said electrooptic device?® Qe d?Ng to the
data voltage retained by said data retaining nmeans. 25. An active matrix
type organic el ectrolum nescence display apparatus as clai med in claim 24,
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 neans is formed by a
third, fi elehet flebdch raoshsd dsy havbngral taidF icked datceiglectrical ly -

" connected to each other for generating the data voltage between the' gate

and a sourartderedftdyan bridro sl dah Wi tde Gata uhent from said
data line via said first analog switch; said data retaining neans is

formed by a capaghtorAnfggt{@éa&g&p?xtffFékﬁfbggiéage.generated bet ween the
gate and the source of said third field-effect transistor; and said
driving ”%ﬁ%%éf%ﬂdﬁﬁﬂ%%é@ﬁé%fé%ﬁﬁﬂéﬁiéﬂﬁ%fatus as claimed in claim
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
another 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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ef fect transistor connected in series with said 49 20 Cct ober 2005

el ectrooptic device and forming a current nmirror circuit in conjunction
with said third field-effect transistor. 26. An active matrix type organic
el ectrol um nescence di splay apparatus as clained in cI%@ﬁW@@?2WHerein sai d
current mirror 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. 27. An active
matri x type organic el ectrolum nescence di splay apparatus as clained in
claim 25 or 26, wherein said first field-effect transistor and said
third fieldf eT¥iettseqemdiantaroarsyidfcloppisi tre tedmduct itdre dayppes from each
ot her. 28. ‘An active matrix type organic el ectrolum nescence display

appar at us vas! telga rehpIn ahyf rones 0fd dwaire 25 d-& o0l Fa géheloive rgaibd first
field-effect.transistor, said second field-effect transistor, said third
field-effeeanst vadRSisSier ,s sMh S a&inGh fRQUIA tfnel dygf fect transistor .are each

formed by a polysilicon thin filmtransistor. 29. An active matrix type
organlc driving means ﬁor driving said electrooptic device
according to the data voltage retaiﬁed by said data
retaining means.
25. An active matrix type organic
ik) 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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el ectrol um nescence di splay apparatus as clained in any 50 20 Oct ober 2005

one of clainms 24 to 28, wherein said first analog switch is fornmed by a
CMOS transistor. 30. An active nmatrix type organic el ectrolum nescence

- di splay apparatus conprising: a pixel unit forned by aff268§bsigd®urrent

~witing type-pixel circuits in a matrix nmanner, said-pixel circuits each

havi 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 el ectrode, and said- pixel
circuits each witing lum nance data -by a data current supplied through a

data |ine; €ARateappent demtrel andafsrhdngehf egtirgccantiol suebyithat part
of a data line current for driving said data line is supplied as the data

current toim pbﬁyhneti@MiWitﬁOéaﬂﬁiEhﬂgdtfﬁei&33ﬁ988€ gaL A, Andoa remaining
bypass. current is passed through a part of another pixel CcirTcurt -

connected to theygane ga%@tlége. 3L An active matrix type organic
el ectrol um nescence di splay Sppstit il B ISR n claim 30, wherein the
| _ play app _

dat a Currealestmmﬂmmihéééé&éé“dhéﬁﬂéf”gpparatus as claimed in claim

25, |

wherein said current mirror éircuit has a mirror

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 type organic

electroluminescence display apparatus as claimed in claim

25 or 26,
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 ;ctive matrix type oréanié |

electrolumipescende display apparatus as claimed in any
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control neans to said pi xel circuit is greater than a 51 20 Oct ober 2005
current driven by driving neans. 32. An active matrix type organic

el ectrol um nescence display apparatus as clained in claim 30 or 31, ,
wherein said pixel circuits each include: a first anal 84O8@berét%havi ng one

term nal connected to said data line and controlled by a first scanning
I'ine to be selected and not to be selected; current-to-voltage conversion
means connected to another termnal of said first anal og switch, for
converting the data current inputted via said first analog switch into a
data vol tage; a second anal og switch having one termnal connected to an
output termnal of said current-to-- voltage conversjion neans and controlled

by a secon8@MCsPanfilAdgmei A& to bR, sel ected and not to be selected; data’
retai ning neans connected to another termnal of said second anal og switch,
for retaining thBP8EEAN %3¢ s supplalew fewdrncbaild Eormedt byoavol t age |
conversionC Hgags via said second anal og switch; and driving nmeans for
driving satd el GEPP0PEPL: device according to the data vol tage retai ned by

said data retaiRigng QARaANS: ;v 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 iuminance 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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33. An active matrix type organic 52 20 Oct ober 2005 el ectrol um nescence
di spl ay apparatus as clained in claim32, wherein said first scanning line
is shared between a pixel circuit to which the lumnance data is witten
and a pixel circuit to which the luminance data is not20 QP ddS 34. An
~active matrix type organic el ectrolum nescence display apparatus as
claimed in claim 32 or 33, wherein said first analog swtch and said _
second anal.og switch are formed by a first field-effect - transistor and a
second field-effect transistor, respectively; said current-to-voltage
conversion nmeans is formed by a third field-effect transistor having a

drai n and @ugsdrer el:€icidr ¢t |ar isamecieeaist.o each other for generating the
data vol tage between the gate and a sourcethereof by being supplied with

the data current sfromsal g gt and i P Whde SPifhdid st anal og switch; said
data retaining neans is formed by a capacitor for retaining the data

1oL 505 PO e e b AT L i
field- 30 or 31, '

wherein said pixel circuits each include:

a first analog switch 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 connectéd to
another terminal of éaid first analog switch, for
converting the data current inputted via said first

" analog s%itéh'intﬁ a data'voltage;

a second analog switch having one terminal
connected to an outpﬁt terminal of said current-to-
voltage conversion means and 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
véltage supplied from said curreﬁtfto—voltage cbnversion
means via said second analog switch; and

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

‘retaining means.

33. An active matrix type organic
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effect transistor connected in series with said 53 20 October 2005

el ectrooptic -device and formng a current mrror circuit .in conjunction
with said third field-effect transistor. 35. An active matrix type organic
el ectrol um nescence di spl ay apparatus as clained in cl# dstost208herei n said
current mirror circuit has a mrror ratio set such that a drain current
~flowngin 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 ectrolum nescence display apparatus as clained in
claim34 or 35, wherein said first field-effect transistor and said third
fiel d- ef f @dtettiradsingingrs cane eofd iGpleyi beppaaaduet hencltyped -ironLeamh ot her.
37.. An active nmatrix type organic. electrolum nescence display apparatus
as claimedzi,n any one of clains 34 to 36, wherein said first field-effect
transistor, said second field-effect transistor, said third field-effect

transistor, and gpéfefRusiiaflfetsdrefbigetild ansistal Hb LI wdH Med by a

polysilicon thin filmtransistor. 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&nturﬁu@plmeﬂrbhr6ﬂg6uﬁtdata
line, said driving method dividing a data line current for driving said
data |ine. ik ntoniiwec dadm witth esdid oehyd t§ 1 d her § e NeRsss fats to  each of
said pixel circuits and a remaining bypass current, and thus supplying the
data line currenis, 40, AT ﬁ%t@%&hQQ 98 ?Elve matrix type organic
el ectrol uni nescence dlsplay appar at us, E d 've matri x type organic

el ect r ol ure Iresoeriomidiespleay dpp@&ayu&ppaehudsngsC@Iéfﬁéd“&ﬁtéiﬂhﬁype pi xe
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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havi ng an organi c el ectrol um nescence device with a first 55 20 Cct ober
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 |unminance data by a #4Pgoken?®i8nt

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
accor dance, he nmethod of “clains 20, 21, 39 or 40. 42. Display

it
appar at us 8?%%%? ondtBF ¢t &fs®™ 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 dancecmbg hy Lt hes et pod of claim39,or 40.. 56

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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20 October 2005

electrode, a secqnd electrode, and an organic laver
including a light emitting iayer betwéen the first
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 line current. for driving said

data line as the data current to a pixel circuit for

writing the luminance data and passing a remaining part

of the data line current as a bypass current through a
part 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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