; e3e4V6T. ACTI VE MATRI X TYPE DI SPLAY APPARATUS, ACTI VE

ELECTROLUM NESCENCE DI SPLAY APPARATUS AND DRI VI NG METHODSII

THE | NVENTI ON The/ present invention relates to an active
di spl ay apparatus having an active device in each pixel a
di splay in the pixel unit by neans of the active device,
nmet hod thereof, and particularly to an active matrix typ
di spl ay apparatus using an organi c-material electrolum ne
(hereinafter described as organic EL (el ectrol um nescence
el ectrooptic device, and a driving nethod thereof. Aliqu
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A liquid crystal display using a liquid crystal

cell as a display device of a pixel, for example, has a

large number of pixels arranged in a matrix manner, and

controls light intensity in each pixel accord

ing to

information of an image to be displayed, thereby

effecting driving for image display. The same display

driving is effected by an organic EL display using a

current-controlled type electrooptic device,

an organic EL device as a display device of a

for example

pixel.

The organic EL device has a structure formed by



each other to emt light. The organic EL device provides a brightness of a
few 100 to a few 10000 cd/nR2 at a driving voltage of 10 V or lower, and is
a sel f-lum nous device. The organi c EL devi ce has advantages such as high

i mage contrast and hi gh response speed. Thus, an organic EL display using
the organic EL device as a display device of a pixel is considered

prom sing as a next generation flat-panel display. As driving nethods of
the organic EL display, there are a passive matrix method and an active
matri x nethod. The passive matrix nethod emts light only at a nonent when
a light emtting device of each pixel is selected. Wiile the passive matrix
met hod has asépgﬁﬂéhééﬁsﬁﬁuéfﬁéﬁlcthéyﬁés§ﬁ@é Ré&t PrFaRach8@ tiead agr obl ens
such as difficulty in realizing a |arge high-definition display. On the

ot her hand, iheludihgeandighk awihbodngahamarnbaitwelengliwoegilesitawdesfs .t he
organic EL device in each pixel for a period of one frame, and therefore
may be sai d wheheaavdltadei ¥engppetibddtsuthableviioe,i aar edsicngosi 4,
resolution, and brightness of the display. In an active matrix type organic
EL display, @npetyeal Eeom thenchihsukr ansbstae 6FGihiks 1ggRer ahldy aused as
an active device in a pixel circuit for controlling brightness of each

pi xel . ContrpbibngsVahiatbt@ASrkAmChARAghBRESEhES @hel B ghRIiR fllah@r,
transi stor and conpensating for variations in the characteristics of the

thin filmtrangi shop QMeCleFLGHtEoHEQHé £he HBJlQraE"éOQ‘Ie%%bQBetdh%l%%t' ve
matrix type organic EL display using the thin filmtransistor in the pixel
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a brightness of a few 100 to a few 10000 cd/m at a
driving voltage of 10 V or lower, and is a self-luminous
device. The organic EL device has advantages such as high
image contrast and high response speed. Thus, an organic
EL display using the organic EL device as a display
device of a pixel is considered promising as a next-
generation flat-panel display.

As driving methods of the organic EL display, there
are a passive matrix method and an active matrix method.
The passive matrix method emits light only at a moment
when a light emitting device of each pixel is selected.
While the passive matrix method has a simple construction,
the passive matrix method has problems such as difficulty
in realizing a large high-definition display. On the
other hand, the active matrix method can maintain light

emission of the organic EL device in each pixel for a

period of one frame, and therefore may be said to be a



cell as a display device of a pixel controls |um nance data of each pixe
by a voltage value. On the other hand, an organic EL display controls

| um nance data of each pixel by a current value. A configuration of a
sinplest active matri x type organic EL display using voltage witing type
pi xel circuits is schematically shown in FIG 1. A circuit configuration of
a voltage witing type pixel circuit is showmn in FIG 2. As shown in FIG

1, an active matrix type organic EL display has a | arge nunber of pixel
circuits 101 arranged in a matrix manner, and repeats witing 3 | um nance
data by supplying the lum nance data in a formof voltage froma vol tage
driving typeddavanki metdodvengtebleutdbrlfdcirbaeigh ddte,| reeeli®ioh,to
105-m whi l e selecting scanning lines 102-1 to 102-n sequentially by a

scanni ng |ingndrbyigetaeEsUbE £03. afspixel arrangenment of m col ums and n
rows is shown in this case. O course, in this case, the nunber of data

lines is mand the punhera of i wCam gk ¢ bBgdni ASEL SacsgRiyframFIG 2,
the voltage witing type pixel circuit 101 includes: an organic EL device

111 having 3@8%999?089”@3%6 iif Fr%}ﬁ%§%iggw&?§'}’pggyg@h@fa?’i?”ﬂls%d

negative power supply); a P-channe having a drfain connected to an
anode of theagfgﬁnsst%edg LE8e1id Q.r‘di%eiogri%%u%?”?‘égt ggfﬁz?o‘i‘li% ond power
supply (for exanpl e ground); a capacitor 113 connecte et'ween a gate of
the TFT 112 gnd %gg secogd gomer.sggply}ngg Pg.hkqagnnel.TFT }14 havi ng a
drain connecPBHIPE ERE GhtB20F PHESTFT TR L HF P tbhb®2d ¥ o the data
| i ne 105 (105ﬁ1 to 105-n1, an ahgatg,cogn?cted to.the scagning |ine 1D2
(102-1 to 10%_ﬁy§cterlst cs of t thin film transistor an

compensating for variations in the characteristics of the

thin film transistor by circuit 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 display has a large number of pixel circuits 101

arranged in a matrix manner, and repeats writing



In the thus formed pixel circuit 101, the TFT 114 selects the pixel for
writing the | um nance data, and controls the capacitor 113 to retain the
| um nance data voltage. The capacitor 113 retains the |um nance data 4
vol tage supplied through the TFT 114. The TFT 112 drives the organic EL
device 111 according to the |lum nance data vol tage retai ned by the
capacitor 113. In this case, letting Lel be |lum nous brightness of the
organi c EL device 111, lel be a current flowi ng through the organic EL
device 111, Vth be a threshold voltage of the TFT 112, k be a constant of
proportionality, and Vdata be the data voltage retained by the capacitor

113, when thpundiardde dstaised $wp@l saigll ehié OunEEA0Pe d&€af Ohl 8WEHHM
equation holds: Lel ~ lel - k(Vdata - Vth)z ...(1) where k - 1/2 ~ ,u ~ Cox
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unit area; Wis gate width; and L 1s gate length. As is clear from

equati on (.]')ciz%zﬂgil?/aid"f %r%%c&%ae”fixfé‘%’pi&@gltPotP%_ng%ﬂife EL devi ce

171, that is, um nous ht hess © he organi c evice 111 is

affected by variations in the mpbhility,st, (= k),of the TFT 112 and the
threshol d vait aegcgtj\ﬂgn.sﬁannrflancq ,rEDJi 5 s:y 2n'o:\L/vnt? h%??énrmsr% BERE T 1 gbnyaarl\d
polysilicon used to formthe TFT have inferj.or g{ﬁﬁtallinit and inferior

control | abi IT93PH19 Het Forftiurcti Wy Fechinf shito & L AFSER9 9 e S, and

t hus the TFT has great variations in 5 . ) )
m columns and n rows is shown in this case. Of course, in

this case, the number of data lines is m and the number
of scanning lines is n.

As is clear from FIG. 2, the voltage writing type
pixel circuit 101 includes: an organic EL device 111
having a cathode connected to a first power supply (for
example negative power supply); a P-channel TFT 112
having a drain connected to an anode of the organic EL
device 111 and a source connected to a second power
supply (for example ground); a capacitor 113 connected
between a gate of the TFT 112 and the second power
supply; 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 gate connected to
the scanning line 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



transi stor characteristics. It is therefore difficult to fabricate a

hi gh-qual ity organic EL di splay having a nunber of gradation |evels that
makes it possible to display a natural picture by using the voltage witing
type pixel circuits. As a nethod for solving the problem the present
applicant has proposed a current witing type pixel circuit to which

| um nance data is witten in a formof current (see Internationa
Publ i cati on Nunmber 01/06484). An exanple of configuration of the current
witing type pixel circuit is shown in FIG 3. As is clear fromFIG 3, the
current witing type pixel circuit includes: an organic EL device 121

having a cat bedeageneagbedetiotBrbugat thewarrsuppl.y fher rexaapheapegaki ve
power supply); a P-channel TfT 122 having a drain connected to an anode of

the organic EhedQYgﬁﬁlézﬁLaagvilc@OQﬁ(iea%‘?:@'}%Qtn tld0 £35S QGG PRI aTHPP! Y
(for exanple ground); a capacitor 123 connected between a gate of the TFT

122 and the ggggggepnggiéggpgghaﬁg ?QQQQ%I TRE 124 having a drain

connected to a I'ne e connected to a first scanning line

127A; a P channel T. 25 haV|ng rain gat e.conne ted S rce
of the TFT 124, andﬁé %6 T c& tonnet ?%ﬂn?og?geggeg%nan%omeg S 8egsa8

N- channel TFT 126 havi, ng g drain_connected to the drai.n and gate of the
TFT 125, a SBBFCBIEBHﬁSCFEd E¥ifReldirelbt OfeTEYTISRT &8w§n§ate
connected to a second, scanning line 127B. The TFETs 124 and 126 in the thus
formed currehPXQRPRI A Bet95%aBFReFLCPP¥&F€ éddn MiRctitoR &LTE&SP9AE og
switch. The TFT 125 converts a | um nance data current to be witten into a
vol tage. TheVeapagft8f 128 FBTalhd:ak be a constant of

proportionality, and vdata be the data voltage retained
by the capacitor 113, when the TFT 112 is used in a
saturation region, the following equation holds:

Lel ©¢ Jel

= k(vdata -~ vth)? ... (1)
where k = 1/2° (4 * Cox *W/L, wherein # is mobility of the
TFT 112; Cox is gate capacitance per unit area; W is gate
width; and L is gate length.

As is clear from the equation (1), the value of the
current supplied to the organic EL device 111, that is,
the luminous brightness of the organic EL device 111 is
affected by variations in the mobility #4 (¢ k) of the TFT
112 and the threshold voltage Vth. In fact, it is known
that amorphous 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



| um nance data voltage obtained by the TFT 125 by converting the | um nance
data current into the voltage. The TFT 122 converts the | um nance data
voltage retained by the capacitor 123 into a current and feeds the current
obtai ned by the conversion to the organic EL device 121. The TFT 125 and
the TFT 122 forma current mrror circuit. An active matrix type organic EL
di splay shown in FIG 4 is fornmed by arrangi ng such current witing type
pixel circuits in a matrix manner. In FIG 4, first scanning lines 127A-1
to 127A-n and second scanning lines 127B-1 to 127B-n are both arranged one
for each of rows of current witing type pixel circuits 131 correspondi ng

in nunber w thanstotofmshXractevwssandsar ranged thefef@téi difAPoRIt t8 each
pi xel, the gate of the TFT 124 in FIG 3 is connected to the first scanning

line 127A 1 $912dAc8 8NHigfieqgal ecgf ok bRnTE 21261681, Chading gonnected to
t he second scanning line 127B-1 to 127B-n. 7 A first scanning |line

dri ving circyidy, d320c | 5, REQYL 0501 00 85! hL ShilReQf sEhBoBLxgh cuBLt to drive

the first scanning |1 nes A-1 to 127A-n e a second scanning line

the second eutmig TineBt ot B8YePlrE bl Ra Enp) wbl%als FridThly, 1 o

arranged one_for each of,the, colums of the pixel circuits 131. One end of
each of the tR% ¥1%es 933°4* 8 133-mis connected to an output terninal

for each colum of a current driving type data line driving circuit 134.
The data Iine dri vt TMEIAT HOF FIIVARY Hnt RRFHER dHhS REFFERE to each
of the pixels through the data lines 133 1 to 133-m A circuit
configuratiO%PQﬁl%P?ﬁLﬁ%ﬁi?§06?5®§xélCurrent writing type pixel

circuit to which luminance data is written in a form of
current (see International Publication Number 01/06484) .
An example of configuration of the current writing type
pixel circui; is shown in FIG. 3.

As is clear from FIG. 3, the current writing type
pixel circuit includes: an organic EL device 121 having a
cathode connected to a first power supply (for example
negative power supply); a P-channel TFT 122 having a
drain connected to an anode of the organic EL device 121
and a source connected to a second power supply (for
example ground); a capacitor 123 connected between a gate
of the TFT 122 and the second power supply; an N-channel
TFT 124 having a drain connected 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 gate connected to a
source of the TFT 124, and a source connected to the

second power supply; and an N-channel TFT 126 having a



circuits 131-k-1 to 131-k+2 connected to an ith-colum data Iine 128-i in
the thus forned active matrix type organic EL display is shown in FIG 5. A
driving timng relation between the pixel circuits is showm in FIG 6. Wen
a lum nance data current is witten to a selected pixel circuit through the
data line 128-i, a first scanning line (represented by W6 (Wite Scan) 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). Inthis case, 8 the TFT 125 converts the |lum nance data current into
a voltage. The capacitor 123 retains the voltage obtained by the
conver si on. dheidFRodRec cedvest sheéhérbiim aadcgatat afvohtaQeTr &28| ned by the
capacitor 123 into a lum nance data current and feeds the | um nance data

current to tdeuodgatbendtraevisetldlghoet ber ehy drrvezbheapaganyatEL device
121. Letting WL be gate width of the TFT 125, L1 be gate length of the TFT

125, W2 be galgndedid ©f éh&Jnglgganﬁﬂﬁ L2:he 9ayg. length of the TFT 122,
a witing data current Iw, [um nous brigh %ness Lel of the organic EL devi ce

121 of each of the ,IQllequF,I@ I‘]%LAI '([?%dliﬁjz—éizl}‘ satl d<s+2ﬁm?ﬁﬁ g purd gt lel

fl owi ng through the organic Vi ce y the ow ng rel ation:

Lel ~lel - (W WL/ L1 | w . ) r_fromithe equation
(2), the wwié 1é%n téYcurgen I%&?Cuf% p?é%oF ?%%l %%ea%u??%% el

ol o thr oyl L g S e AL Wen Lhere gre ne et stions 10
Wi thin the HDX wrf%%%n into a voltage. The capacitor 123 retains a
luminance data voltage obtained by the TFT 125 by
converting the luminance data current into the voltage.
The TFT 122 converts the luminance 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 form a current mirror circuit.
An active matrix type organic EL display shown in
FIG. 4 is formed by arranging such current writing type
pixel circuits in a matrix manner. In FIG. 4, first
scanning lines 127A-1 to 127A-n and second scanning lines
127B-1 to 127B-n are both arranged one for each of rows
of current writing type pixel circuits 131 corresponding
in number 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.



formng the current mrror circuit, variations in the |um nous brightness
of the display are conpensated for. Thus, by using the current witing type
pi xel circuits, 9 it is possible to realize an organic EL display having
a |large nunber of display gradation |evels) that is, a nunber of gradation
| evel s that nmakes it possible to display a natural picture. However, when
| ow | um nance data is witten to a pixel circuit in the active matrix type
organi ¢ EL display using the current witing type pixel circuits as

descri bed above, inpedance of the data line is increased, and therefore a
witing time required to wite the data current beconmes longer. In
practice, when sizeaofiose ptxehing nifewi#POingnBiseuliess32A tarrent

fl ow ng through an organic EL device of one pixel is at nost a few 10 ~ A

or less. Forpdbsphay eh mamgr@r adaei of kaeelsxefionnexanpl ards@e ghadation
| evels, it is necessary to control a current of a fewto a few 10 nA or

less. In ordef ko sBRrheAgt hendat a26HrReRb Woizh AY LhABe Lt seWbhces to set
a mrror ratio of the current mrror circuit to be (W/L2) < (W/L1) and

i ncrease the Ny d : I 4 2bbRCEEAas| . iti rrent
means t hat asé%%%%ﬂgu??%%tﬁgégggbtg gﬁggséé %tﬁ?oééﬁgﬁﬁggTﬁﬁsglgggﬁﬁd 125.
Then, size o;iéggogFg e124 aTd 12§_Qgegs.to Q%eincreaged whi.ch Eesults in

. Rlxe unil {1v? Secol stannlng anes
an 1 ncrease In " Size of tne pixel Ccircurt. hus,” i'n-an organi'c EL ISp| ay
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one for each of the columns of the pixel circuits 131.
One end of each of the data lines 133-1 to 133-m is
connected to an output terminal for each column of a
current driving type data line driving circuit 134. The
data line driving circuit 134 writes the luminance data
current to each of the pixels through the data lines 133-
1l to 133-m.

A circuit configuration of a plurality of pixel
circuits 131-k-1 to 131-k+2 connected to an ith-column
data line 128-i in the thus formed active matrix type
organic EL display is shown in FIG. 5. A driving timing
relation between the pixel circuits is shown in FIG. 6.

When a luminance data current is written to a
selected pixel circuit through the data line 128-i, a
first scanning line (represented by WS (Write Scan) 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,



circuits are in a trade-off relation with each other. Letting the nunber of
scanning lines be Nscan and frane frequency be f, the data witing tine
Twite is expressed by the following equation: Twi to - 1/ ( f ~ Nscan )
... (3) As is clear fromthe equation (3), in order to increase the size
and resolution of the organic EL display, it is necessary to shorten the
data witing tine Twite and at the sane tine decrease the size of the

pi xel circuits. Thus, both shortening the data witing tinme and decreasing
the size of the pixel circuits in a trade-off relation need to be satisfied
at the same tinme. OBJECTS AND SUMWARY CF THE I NVENTION It is an object of
the present thwer¥Ton25ocprnowirde aheattuimieamaer dxtbyperdespl agtappar at us,
an active matrix type organic EL display apparatus, and driving methods

thereof thatvibkegé! POSSIiddadOdNCIEASEe tdEndli SIpd ayo St Zfe W4 BSSd Ut i on
by reducing the data witing tine while preventing an increase in size of

transistors gy @ Pi XShvELEEYAT WHED FrEW I Lo L N HY PRI XBlcLiTCUit i
used. In order to achieve the above object, according to 11 t he present

nvention, AL §h PLOYT fotl MoAChLVEnERLLLXCLYDE g 8Pl ayoagparat us

conprising: a pixe n or ne rranging prxel crircurts 1n a matrix

manner, the pixel, cliculis eachohaving e0.gLeehLoophl sodeyi ger data line
driving neans for®suppl yrng rumnancé data to the pixél "¢rrcUrts as a data

line current_via data |jnes; and,current contr Lb a %here'nafte
descri bed mf%fm%ﬁﬁap?lh ec%ﬁ??%fcc##ca?yacfn g gelﬁéﬁ %?Yféflﬁ?.éPﬁg t he
organic EL device 121.

Letting W1 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 writing data
current Iw, luminous brightness Lel of the organic EL
device 121 of each of the pixel circuits 131-k-1 to 131-
k+2, and a current Iel flowing through the organic EL
device 121 satisfy the following relation:

Lel &€ Iel

= (W2/L2)/(W1/L1) * Iw e (2)

As 1s clear from the eguation (2), the written data
current Iw is in proportion to the current Iel flowing
through the organic EL device 121. When there are no
variations in transistor characteristics of the TFTs 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 compensated for.

Thus, by using the current writing type pixel circuits,



data line current supplied fromthe data |line driving neans as a data
current for witing the lum nance data to each of the pixel circuits and a
remai ni ng bypass current. The current control neans, which is a
characteristic part of the present invention, handl es the bypass current of
the data line current. It is thereby possible to substantially reduce tine
for witing the data current flow ng through TFTs provided in the pixel
circuit. In addition, when the witing tine is set unchanged, transistor
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

| ayer includitgi@ pbgbibesi tbi ngalayer ahebwgenitherf nisblelenti-ade and the
second el ectrode, for exanple, is used as the el ectrooptic device in the

present inverdy@d. ndkber BRE Eki DESLR 5L @A Obn THEVDRAW NESeFie, 4 is a block

di agram showi ng a configuration of an active matrix type organic EL display
using vol tagg,yedtiog %i‘&’@a@iéﬁ' 16VE8H1 t8atFhiked §90%s§16héc%t

configuration of a voltage witing type pixel circuit; FIG shows a

circuit confaﬁégfglog Qét@r%y fg% uPLiting type pixel CIrCUIt FIG 4is a
W n

bl ock di agram g a con ra |on of an active natrlx type organi c EL
di splay using current witin Iy e C|rcuu% homs a CIrCUIt
configuration of a 'ralfity" tt E‘l I W’rr&ﬂ‘ies %%ejcﬁ e"ﬂrjt% 4h 91 col um

data line in a conventipnal exanp IS a tlnlngichart of a driving

timng reHﬂR%ﬁF%rF%?ﬁP+?hl%oFﬁﬁnaFleﬁem35ﬁ§§nF¥Bﬁa?r Bnpl B

display using the current writing type pixel circuits as
described above, impedance of the data line is increased,
and therefore a writing time required to write the data
current becomes longer. In practice, when size of one
pixel is a few 100 uml] or less, a current flowing
through an organic EL device of one pixel is at most a
few 10 #UA or less. For display of many gradation levels,
for example 256 gradation levels, it is necessary to
control a current of a few to a few 10 nA or less.

In order to shorten the data current writing time,
it suffices to set a mirror ratio of the current mirror
circuit to be (W2/L2) < (W1/L1l) and increase the writing
data current. However, increasing the writing current
means that a great 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



FIG 7 is a schematic diagramof a configuration of an active matrix type
di spl ay apparatus according to a first enbodi nent of the present invention;
FIG 8A shows a circuit configuration of a plurality of pixel circuits
connected to an ith-colum data line in the first enbodi ment, and FIG 8B
is a conceptual diagramof circuit operation of the present invention; 13
FIG 9 is atimng chart of a driving timng relation in the ith colum in
the first enbodinment; FIG 10 shows a circuit configuration of a plurality
of pixel circuits connected to an ith-colum data line in a second
enbodinent; FIG 11 is a timng chart (1) of a driving timng relation in
the ith col umatd nvi hiei secoinfle eabddidenéas ds tHe $éBz@ ¢fnthg shael (2) of a
driving timng relation in the ith colum in the second enbodinent; FIG 13

is a circuiteihAd N SHPOW N0a afr £XENPEE €1 £000H b 8t | 00Vt ket han a
four-transistor configuration of pixel circuits; FIG 14 is a timng chart

of a driving tinnggielialy anMEhiR STNYNGTEE AN A B WMlad Gedl tage

conversion TFT are shared between two pixels; F a ematic

di agr am of i i QY trix tyvpe di . appaf at us
accordi ng tgf%%i%@n%g% %%?p’oﬁ%eg%%s%}n tlllynéjetrqu%ﬁ{;‘%%? li% shows a
circuit configuration . of lurality of pixel circuits connected to an

i th-col um d: zfﬁﬁ%ﬁé”?yt¢h§%¢# Qﬁﬁﬁxﬁikﬁﬁfo?ﬁCi 17 is a timng chart of

a driving timng r%lation inthe ith colum in the third enbo%%qent; and

write = 1/(f ' Nscan) .

As is clear from the equation (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 shortening the data writing
time and decreasing the size of the pixel circuits in a

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

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an active matrix type display apparatus, an active matrix
type organic EL display apparatus, and driving methods
thereocf that make it possible to increase the display
size and resolution by reducing the data writing time
while preventing an increase in size of transistors in a
pixel circuit when a current writing type pixel circuit
is used.

In order to achieve the above object, according to
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FIG 18 shows a circuit configuration of a 14 plurality of pixel circuits
connected to an ith-colum data line in a fourth enbodi ment. DETAI LED
DESCRI PTI ON OF PREFERRED EMBQODI MENTS Pref erred enbodi nents of the present
invention will hereinafter be described in detail wth reference to the
drawi ngs. [First enbodinent] FIG 7 is a schematic diagramof a
configuration of an active matrix type display apparatus according to a
first enmbodi nent of the present invention. Description in the follow ng
wi Il be made by taking as an exanple an active matrix. type organic EL

di spl ay apparatus formed by using an organic EL device as a

current - contttet IR dgpe Bheentbopt i Eheesi te rARVBAed| §Bi a¢EbNethaATIKI m
transi stor as an active device, and form ng the organic EL device on a
substrate mhar;aetdﬁasqabéyyséwmtmmiwmprmimmnsa sibxel sufh bt nEdrmdfebgane i s
true for enbodinents to be described later. In FIG 7, current witing type
pi xel ci rcuidsrddg DoF respende gen it Huhipes ma thixn waohnens ¥ha pbuslare
arranged in a matrix manner. First scanning lines 12A-1 to 12A-n and second

scanni ng |inesrdi2frd dcH 2Bavidg €aRotDe @t F GoigEL: 0evi©é ; eaghaof ihbe rows of
the pixel 15 circuits 11. Afirst scanning line driving circuit 13Ais

provided on @ dpfdg th@@n@ffabesxpw%y@ln&pnaiﬁéé/edab@ £67 ghe gﬁﬁeing lines
12A-1 to 12A-n, while a second scanning line driving circuit 13B is
provi ded Onéﬁf&&ﬁ%s as a data line current via data lines; and
current control means (hereinafter described as a “data
line control circuit” in embodiments) for driving the
data 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.
The current control means, which is a
characteristic part of the present invention, handles the
bypass current of the data line current. It is thereby
possible to substantially reduce time for writing the
data current flowing through TFTs provided 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 reduced. An organic EL device having
a first electrode, a second electrode, and an organic
layer including a light emitting layer between the first

electrode and the second electrode, for example, is used

as the electrooptic device in the present invention.
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side of the pixel unit to drive the second scanning lines 12B-1 to 12B-n.
Data lines 14-1 to 14-m axe arranged one for each of the colums of the

pi xel 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 |um nance data
current to each of the pixel circuits 11 through the data lines 14-1 to
14-m Data current control circuits 16 are provided for exanple one for
each of the colums of the pixel unit at for exanple an upper end portion
of the pixel unit. A current control scanning line 17 is disposed comonly
to the data BRREFRMRESGRHIPBION| PRUTHE BRAWIN@Scurrent control scanning |ine
17 is driven by the first scanning line driving circuit 13A. Acircuit
configuration of aHdQrd iitsy afblpgdeldidgman tshawing la teerflikwda tivmect ed
to an ith-colum data line 14-i in the thus formed active matri x type
organi ¢ EL dvBpdraya@ppes ataisr k| tybe shoanicnEE| &SspBAyandifiB. vdheapexel
circuit 11-k includes: an organic EL 16 devi ce 21 having a cat hode
connected tov@itingt cposerigepptyréhotsexanpl e negati ve power supply); a
P-channel TFT 22 having a drain connected to an anode of the organic EL

device 21 and a SOWRE COMRGHLG tdi 1P HRE Wh PANEFa 1P| ¥t ({ o rrag®!
ground); a capacitor 23 connected between a gate of the TFT 22 and the

second powery supply; cffle s £hannel » T 24 having a drain connected to the
data line 14-1, and a gate connected to a first scanning line 12A-k; a

P-channel TFT 25 havig ﬁﬁ&;gﬁ £2nd a..gat ec&ﬁ‘i'bqﬁaet?iéﬁ’ & Sé)u:{:)&ler&{tt he TFT
24, and a source connecte o the second power supply; and a
writing type pixel circuit;

FIG. 4 is a block diagram showing a configuration
of an active matrix type organic EL display using current
writing type pixel circuits;

FIG. 5 shows a circuit configuration of a plurality
of pixel circuits connected to an ith-column data line in
a conventional example;

FIG. 6 is a timing chart of a driving timing
relation in the ith column in the conventional example;

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;

FIG. BA shows a circuit configuration 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 operation of the present

invention;
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channel TFT 26 having a drain connected to the drain and gate of the TFT
25, a source connected to the gate of the TFT 22, and a gate connected to a
second scanning line 12B-k. The TFTs 24 and 26 in the thus formed current
witing type pixel circuit 11-k each function as an analog switch. The TFT
25 converts the |um nance data current to be witten into a voltage. The
capacitor 23 retains a |um nance data voltage obtained by the TFT 25 by
converting the lum 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
substantial ly the §3fe Ehadsaét &éimdmigc shagkue Lt ¢ Mitiy iadc wimdmg mirror
circuit. In this case, let WL1 be gate width of the TFT 24) L11 be gate

| engt h of thel‘ﬁl%‘ﬁcﬁﬂ,iﬂ/\l@doei@atce:mm hirofthenef iffelt 2&5pbabhidnérd?; be gate

| ength of the TFT 25. Also) let Iwl be a current flow ng through the TFTs
24 and 25. Since gate.l engihows gerdrahlit cofnifriatlradily afdaevi ce
fabrication process, the follow ng description assunes that gate length L

does not chang&aiAtry ol Eaiel TR dliEs &dnedd@ NN tIE0nd T @thn Ci rcui t
26 includes: an N-channel TFT 27 having a drain connected to the data line

14-i, and a@ate 16e6 ef -4 SdEMfesONtrol 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 ggeendﬁq A natl élng %'h%‘i‘tbqtlwe%'} tah%rEEI%gZYtlm%g% in

the data current control circuit 16 I's set he sanme as a ratio in

S17e' bet oo L% TS P40 45 A W0 1 "Bhe HESHA Mdardhif S case.

| et

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 shows a circuit configuration of a
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W21 be gate width of the TFT 27, L21 be gate length of the TFT 27, W22 be
gate width of the TFT 28, and L22 be gate length of the TFT 28. Al so, |et
Iw2 be a current flowi 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 a relation between a data line current (I data |line)
flowi ng through the data line, a bypass current (I bypass) flow ng through
the data line control circuit 16, and a data current (I data) flow ng

t hrough the pixel circuit can be expressed by the foll ow ng equation:

data line - | data + | bypass (preferably | data | bypass) The bypass
current flowhgrahibyghf tpéxaht airrnéteonerbrcepfctiPt an6ibhdephemaat a
current flow ng through the pixel circuit are determ ned by input inpedance
of the data dave tomerdh zifeurthlembedimémtpi xel circuit, respectively. (A
current determ ned by the input inpedance of the data |line control circuit
16 is defined as the bypass current.) Thus, by using the bypass current as
part of the data line current, it is possible to set the data |ine current

greater thamtherded apesicReptIdNopr NgREMERRED ERBODENENE4 and 25 in the
pi xel circuit 11, and thereby reduce | um nance data witing tine. In

addi ti on, when t he M id N d I dibddipdicdnehangebrdsansi siwdnsige wiii he
TFTs 24 and 25 provided in the pixel circuit can be reduced and set

arbitrari|y.dd8nds 60PV5e dafbLyiblat L agceelalion PEEUREACLNES! thzCOl UM
pixel circuits 11-k-1 1-k+2. In 9, the first scanning

i nes 12A-k- &ré,’gu}g@. k+2 19

[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 type organic EL display apparatus formed by
using an organic 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, current writing type pixel circuits 11
corresponding 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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are represented as Wok-1 to Wk+2; the second scanning lines 12B-k-1 to
12B-k+2 are represented as ESk-1 to ESk+2; and the current control scanning
line 17 is represented as LS. Supposing that |um nance data is witten to
the pixel circuit in the kth row, the first scanning |Iine 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 IwO, and that a ratio R between the data
current Iwl of the data line current IwO flowng in the pixel circuit 11-k
and the remaining, current Iw2 of the data line current IwO flowing in the
data currentCtbfEtbf tircft tfis G SRENIRY /Fipe IR Ing |Gt § el 3 i Dhal

equation holds: R1:(R+ 1) - Iw:Iw2: 1w Letting W1 be gate width of the
TFT 124 correspohdedgoroat hef TFTide of Othpepgued nehft hoofirivie TRF 124, W2
be gate width of the TFT 125 corresponding to the TFT 25, and LO2 be gate
| engt h of thEiff$d d4@&nninghtipesel2attcuot 1aseny dwvhijléoat Becondventi onal
exanple (see FIG 3), R1:(R+ 1) _ (W1/L11):(W21l/L21):(W1/LO1) -
(WL2/ L12) : (VR24ah22ng (WRELOZ)v2RAg clActibtsiBBRSes pebtviagdRor &, right
exanpl e, and supposing that the gate length L does not change, as descri bed
above, then Wde-o¥Pihe giker Witldd arkv¥d th&Odecond scanning lines

12B-1 to 12B-n.

Data lines 14-1 to 14-m are arranged one for each

of the columns of the pixel circuits 11. One end of each

of the data lines 14-1 to 14-m is connected to an output

terminal for each column of a 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 current control circuits 16

are provided for example one for each of the columns of

the pixel unit at for example an upper end portion of the

pixel unit. A current control scanning line 17 is

diseposed commonly to the data current control circuits 16.

The current control scanning line 17 is driven by the

first scanning line driving circuit 13A.

A circuit configuration of a plurality of pixel
circuits 11-k-1 to 11-k+2 connected to an ith-column 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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W2 - W2 - 1/2 ~ W2 L12 - L22 - L02 Thus, assum ng that the data current
Il wl having the sane current value as the current Iw2 is passed through the
pi xel circuit 11-k, the gate widths WL1 and WL.2 of the TFTs 24 and 25 in
the pixel circuit 11-k can be reduced to 1/2(half) of the gate wi dths W1
and W2 of the TFTs 124 and 125 in the conventional circuit. In other

wor ds, when the size of the transistors in the pixel circuit is set to be
the sane as in the conventional circuit, the data line current w0 for
driving the data line 14-i can be substantially increased. As described
above, in the active matrjx type organic EL di splay apparatus using the
current wri t9SNGE €S pel PrXBINE 3 ctRERO9q, copRegE? E%r?e trEbPPBErcircuit 16
is provided for each of the data lines 14-1 to 14-3} and part of the data
line currentSYRILY of Lo i S X aBPI eneig@ bive neqewan-qupplyli: nd | B- pphedrd to the
pi xel circuit for witing |um nance data and the remai ning current of 21
the data |i MFeui?dmving 4 sdpatsedonheotgh thearaarodereentheontro

circuit 16. It is thereby possible to set the data line current Iw0 greater
than the daterganientl |ddvitowvk hgahdraugbutbe dédseldedndo2b sactohm@ pi xe
circuit 11 while preventing an increase in the size of the TFTs 24 and 25.

It is therepyowosssbpel ¥ o fefueLahphte dgfaund) | i Agcdpdei sestantially and
t hus i ncrease the size and resolution of the organic EL di splay apparatus.

In order to &OHMENSSd Sod Ohed@ld a4d P8Sok NehberpRag ACsi LY | Shé CSeObnk he
transi stors, however, the TFTs 25 and 28 on the witing side formng the
current mrrflySh ropbll A 6o f SRUEELEn P Paverl R SoN@ Lrapsistor
connected to the data line 14-i, and a gate connected to
a first scanning line 12A-k; a P-channel TFT 25 having a
drain and a gate connected to a source of the TFT 24, and
a source connected to the second power supply; and a P-
channel TFT 26 having a drain connected to the drain and
gate of the TFT 25, a source connected to the gate of the
TFT 22, and a gate connected to a second scanning line
12B-k.
The TFTs 24 and 26 in the thus formed current
writing type pixel circuit 11-k each function as an
analog switch. The TFT 25 converts the luminance data
current to be written into a voltage. The capacitor 23
retains a luminance data voltage obtained by the TFT 25
by converting the luminance data current into the voltage.
The TFT 22 converts the luminance data voltage retained

by the capacitor 23 into a current and thereby drives the

organic EL device 21. The TFT 25 and the TFT 22 have
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characteristics as the TFT 22 on the driving side. In other words, when the
data current control circuit 16 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 pixe
circuits 11 are divided into certain areas in a colum direction to thereby
conbine pluralities of the pixel circuits into blocks, that is, conbine
pluralities of the pixel circuits connected to the sane data line into

bl ocks, and the data current control circuits 16 are provided for exanple
one for each of the blocks in the single data line, it is 22 possible to
fully conperstReELFmEiakly sthonsane ¢haraebpsistbeschbhwet Epruingsa In this
case, a direction along the data lines 14-1 to 14-min the pixel unit
formed by arcurmggmy nirergr xelreeituits 11 in a matrix manner, that is, a
vertical direction is defined as the columm direction. [Second enbodi nment]
An active matrix tyme ttiisplcay egppartatwisl aoc gratiengvidria «ofecdnsd mrmhed nent  of
the present invention will next be described. The active matrix type

di splay appaiat Use afces di drg €10 dhetsecond srpowi 2EBE 486 WRi&tRCHEL _
configuration obtained by omtting the data current control circuits 16 in

the active rald ived ype, disPl By appagates1 8ceon db ok +he $61 stagyiodi nent
as shown in FIG 7, that is, the sanme configuration as the active matrix

type di spl ay aPPAFALYUS ACGREALNY £ Dol {8 CORVERNGH OPRL SXBEPLE ZRaSHEWN in
FIG 4. Wth this configuration, the active matrix type display apparatus

according t%itzh,ee Sge?f@é]dleq{]a)ﬂgif?néenerally controlled by a device

fabrication process, the following description assumes
that gate length L does not change.

As is clear from FIG. BA, 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
the 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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realizes the sanme function as that of the active matrix type display
apparatus according to the first enbodi nent by using a pixel circuit to
which no witing is being performed as a data current control circuit
(bypass current). A driving nethod of the active matrix type 23 di spl ay
apparatus according to the second enbodiment will be specifically described
inthe followng. Acircuit configuration of a plurality of pixel circuits
11-k-1 to 11-k+2 connected to an ith-colum data |line 14-i in the active
matri x type display apparatus according to the second enbodi nent is shown
in FIG 10. Each of the pixel circuits 11-k-1 to 11-k+2 has a configuration
of the currehtTsw3tioR hgpeeor xel detr chire haNFrgnEolF €abasisRels (TFTs),
which is the sane as the pixel circuit according to the first enbodi nent.
FIG 11 and Rlaying showwah i Vhegdatai hineel athypasspecwerenthéIpl ural ity of
pi xel circuits 11-k-1 to 11-k+2. In both exanples of FIG 11 and FIG 12, x
(x = 2 in thHeymxeapl Edwingethcoughi te cdata nubus contredl aimeditetéj on are
sel ected simultaneously. Wien the two pixel circuits are thus sel ected

si nul t aneousdnd Ppaddtdfcersaia (Ingaca) rendwing ehiryagy the gakalline is
witten as a | um nance data current to one of the pixel circuits. In this

case, al t hougydiier | i NBOCExSIRE Fs EMTHENENE SEHPI oM h§t EGubPipart of the
ot her of the pixel circuits) the pixel circuit is used as a bypass current

circuit (data currenty,Gantiigle & rCWdya 10 Wyl ddhedaimi nder, of dde data
line current is fed. In the exanple of FIG , I'n particular, when x (x 24
= I bypass)
The bypass current flowing through the data line
control circuit 16 and the data current flowing through
the pixel circuit are determined by input impedance of
the data line control circuit 16 and the pixel circuit,
respectively. (A current determined by the input
impedance of the data line control circuit 16 is defined
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 through 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. 8A

and FIG. 9, the first scanning lines 12A-k-1 to 12A-k+2
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- 2in the exanple) pixel circuits continuous in the colum direction are
grouped as one block and a data current is witten to one of the pixel
circuits in the block, the data current is not witten to the other pixel
circuits in the same bl ock, but the other pixel circuits are used as bypass
current circuits. In this case, a first scanning Iine W5 and a second
scanning line ES of the pixel circuit to which the data current is witten
are both sel ected. Supposing that the pixel circuit 11-kl in FIG 10 is the
pi xel circuit to which the data current is witten, for exanple, Wk-1 and
ESk-1 are both selected. On the other hand) in the pixel circuit to which

t he data cuEEntrepyassintad taserWButl virg B R ustde sdeadnd BgRassinar r ent
circuit, only the first scanning line Ws is selected. In the exanple of

FI G 10, a fliimsts sie@niki-rig ta re BAB 3 sarse| mxdmsb etk & sse®fkd Isaanni ng | i ne
ESk is not selected. Thus, TFTs 24 and 25 function as a data current

control cir @ask+2(;bymas = heurd@tert radt o Usethrfmimdyjpass wcurirent .
Specifically, since the second scanning |ine ESk of the pixel circuit shown
in FIG 10 ireprsesfierrtsrd rand 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

di schar ged thr0U9hsEBEoIEIgZQhaQUﬁuh%ﬂ%h@% H%%%'Q%dwrlﬁtkﬂ' $oCape, only
part of the circuit, or the TFTs 24 and 25 function as the data current

oL Ot A BT Sl A, g oy IR 1
length of ”&% tBeZ%ec%nlﬂl%ca%pnqr}dqellqaeg sqyrarreentbc];thvgeri%cted. 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
corresponding to the TFT 24, L01 be gate length of the
TFT 124, W02 be gate width of the TFT 125 corresponding
to the TFT 25, and L0O2 be gate length 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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t hrough the TFTs 24 and 25 is IwW. In this case, the followng relationa
equation holds between the data current Iwl and data line current 1wGO w0
- X' Iwl Thus, 1:x = IwW:1wO The followi ng relational equation hol ds
between the gate width WL1 and gate length L11 of the TFT 24, the gate

wi dth W2 and gate |l ength L12 of the TFT 25, the gate width W1 and gate

| ength LO1 of the TFT 124, and the gate width W2 and gate | ength L0O2 of
the TFT 125 in the pixel circuit according to the conventional exanple (see
FIG 3) Iw0 - x ' Twl - (W1/L11):(W1/L01) - (W2/L12) : (W2/L02) For
exanpl e, supposing that the gate | ength does 26 not change, as descri bed
above, then W1 - Inxthipgprapel sek@inga®R = 1/xforwezample, pod Thus,
assum ng that the data current having the same current val ue as the bypass
current i s wupptoening ttheer piheclgadier Audintg thl 1k daese ngett ehsindtehs asll and W2
of the TFTs 24 and 25 in the pixel circuit 11-k can be reduced to 1/x of
the gate w diee\MBkandbdM? afhdrhe TFTs 124 and 125 in the conventi onal
circuit. In other words, when the size of the transistors in the pixel
circuit is set to pe theysane agyi-nggpe conventional circuit, the data line
current w0 can be substantially increased. As described above, in the

active matrix typersq L21 L01

Wl2 = w22

1/2 W02

Li2 = L22 = LO2

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 W1l and wWi2 of
the TFPTs 24 and 25 in the pixel circuit 11-k can be
reduced to 1/2(half) of the gate widths W01l and W02 of
the TFTs 124 and 125 in the conventional circuit. 1In
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 for
driving the data line 14-1i can be substantially increased.

As described above, in the active matrix type
organic EL display apparatus using the current writing
type pixel circuits 11, the data current control circuit
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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organi c EL di splay apparatus using the current witing type pixel circuits
11, two pixel circuits adjacent to each other in the columm direction are
sel ected simultaneously, and part of the data line current w0 is supplied
to the pixel circuit fox witing |lum nance data and the remai ning current
is fed as a bypass current to part of the other pixel circuit. It is
thereby possible to set the data line current I1wO greater than the data
current Iwl flowi ng through the TFTs 24 and 25 in the 27 pi xel circuit 11
whil e preventing an increase in the size of the TFTs 24 and 25. It is

t hereby possible to reduce the data witing tinme substantially and thus

i ncrease t hehs Zatand imss ctur it ofwd hies arapdi ¢ Briraidplthe dad@ atus. It is
to be noted that while in witing the data current, the second enbodi nent

si mul t aneousiwr regitecien inmll (ocdrc@)t pi&kel Idi Meuithe rathyapest ibd eeaoh setther in
the columm direction, the present invention is not limted to two pixel
circuits, anthem@atapiligle durnBitS DaN e Htedectieth silall dauwe alisd yen By

i ncreasi ng the nunber of pixel circuits to be selected and thus increasing
the nunber afwipix@wiGld Attsudisechasrerdala £ad rentipains giixdis possible to
further reduce the size of the transistors in the pixel circuit, or further

| norease the sguigiant vauin Ofpdedlotdy | e id A {¥Qndereros from a

trade-off relation, since a distance between the transistors formng the

current mriQly GlEniify 15,4 Ned eagd.; seftﬁ'l%%%ib%lp%%% ea ioo%gfdgrcev%ﬁaieati ons

in transistor characteristics is correspon reduced. reover, while
1S SecoRh AR L e BB 10 WL DGR S Rt 2 1o o
circuit is %ipziexealndCirreCsuoi]:[utfaid.nacoetnttlizen c;[rhgeargioc!* ng] display apparatus.
In order to compensate for variations in the
characteristics of the transistors, however, the TFTs 25
and 28 on the writing side forming the current mirror
circuit are required to have the same transistor
characteristics as the TFT 22 on the driving side. 1In
other words, when the data current control circuit 16
including the TFT 28 is disposed at a position distant
from the pixel circuit 11, variations in the transistor
characteristics are not fully compensated for.
Accordingly, when the pixel circuits 11 are divided
into certain areas in a column direction to thereby
combine pluralities of the pixel circuits into blocks,
that is, combine pluralities of the pixel circuits
connected to the same data line into blocks, and the data

current control circuits 16 are provided for example one

for each of the blocks in the single data line, it is
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direction to the pixel circuit for witing the lumnance 28 data, the

pi xel circuit is not necessarily limted to the adjacent one. Furthernore,
even when two pixel circuits adjacent to each other in the colum direction
are selected sinultaneously as in the second enbodi nent, characteristics of
the transistors formng the current mrror circuit nmay be varied and thus
present a problem It is generally known that in a case where thin film
transistors are used as the transistors in the pixel circuits, when Ntype
transi stor characteristics becone stronger, P-type transistor
characteristics become weaker, or when P-type transistor characteristics
becone stroﬁgéﬁlbﬂmtypefvﬁéﬁsp9m§ﬁn@h&ﬁaépérW@Fﬂé§1§@@oﬁﬁ wdgker: thus
variations in characteristics of a P-channel and an N channel transistor
are in an oppesktietdirr ebhirantbromtéeash olhethi#eozse, by diregtiorl| d-ef f ect
transi stors of opposite conduction types as the TFT 24 for a scanning
switch and abengFtha5dhea cineent4tq- vol tage dantdespdrelf ahiexanpl e an
N-channel field-effect transistor as the TFT 24 and a P-channel

fiel d-effeptokmea%?t frrangtilg ThE BIxien thecpiixel 1¢i Raukt mahews in FIG
10, variations in characteristics of the transi stors cancel each ot her out,

wher eby varjghheR, '@hQQtQQt'§|v@EtﬁQ%1d®H%e citR®nCaR Q%f%%ed a@nteh@l | ed. For
the above reason, ‘it is desirable to use fleld effect transistors of

opposite COQQEEﬁh081E¥E%§oﬁ§ the TFTs 24 and 25.

[Second embodiment]

An active 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 obtained by omitting the data current
control circuits 16 in the active matrix type display
apparatus according to the first 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 configuration, the active matrix type
display apparatus according to the second embodiment
realizes the same function as that of the active matrix
type display 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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Wil e the second enbodi mrent has been descri bed above by taking as an
exanple an active matrix type display apparatus provided wth current
writing type pixel circuits of a four-transistor configuration, the current
witing type pixel circuits are not Iimted to pixel circuits of the
four-transistor configuration. Pixel circuits of other than the
four-transistor configuration will be described in the following. FIG 13
is a circuit diagram show ng an exanpl e of configuration other than the
four-transistor configuration of current witing type pixel circuits. The
pi xel circuits according to the present exanple are configured such that a
scanni ng TFHiZp layd aprauraterd -aaroxsl itrey e o drhvee ress cam dT FemiEd iawen ts hvair leld

bet ween two pi xel s adj acent to each other, for exanple, in each col um.
Speci fical | pe apdadifixdlilstdeaoaindd) id nchel X1 1samy ng | i nes | 2Ak-1,

| 2Ak+1, ... are arranged one for every two pixels. In the case of a k-1 and
a k pixel, for exaﬂpbercalgaben@ﬁgh&ataganaﬁng phtrddiky e@npeslead to the
scanni ng line | 2Ak- 1, and a source of the scanning TFT 24 is connected with

a drai n and (33t qfs Hhhe }CUr reNtr. 430 conttd@age CPMENSIHON ifn? 2a A0
drains of TFTs 26 and 26 of the two pixels. FIG 14 shows a driving timng

rel ation whgn the 4oixel, q:cmsfr?g%? g{geﬂm dtdt}gstpvs\%gryt% i, £4 and the

current-to-voltage conver5|o are sh pt xel s is used.
Fundanent al operadtl bl dn hel ssecase(jl i Sadd den;sa}lrge s the fq;lecgm e exanpl e.

In this case, rEht=1o-8751% age conver5|on DB ¢dn ve shared

bet ween two |>§1elosf t?: %a%%%élhecl'l;lglal 131 LLseld onllyl e}{t+2a hrgosrrent of witing a

data curren

configuration of the current writing type pixel circuit
having four transistors (TFTs), which is the same as the
pixel circuit according to the first embodiment. FIG. 11
and FIG. 12 show driving timing relations between the
plurality of pixel circuits 11-k-1 to 11-k+2.

In both examples of FIG. 11 and FIG. 12, x (x = 2
in the examples) pixel circuits continuous in a column
direction are selected simultaneously. When the two pixel
circuits are thus selected simultaneously, part of a data
line current for driving the data line is written as a
luminance data current to one of the pixel circuits. 1In
this case, although the luminance data current is not
written to part of the other of the pixel circuits, the
pixel circuit is used as a bypass current circuit (data
current control circuit) to which the remainder of the
data line current is fed.

In the example of FIG. 12, in particular, when x (x
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By using such a pixel configuration in which the scanning TFT 24 and the
current-to-vol tage conversion TFT 25 are shared between two pi xel s adj acent
to each other, for exanple, it is possible to omt two transistors in every
two pixels. The nunmber of transistors in two pixels is six, and therefore

t he nunber of transistors per pixel is three. A current flow ng through a
data line 14-i is nuch greater than a current flow ng 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
current, thus inevitably resulting in a |large area being occupied by the
transi storss 3lin e téramnier hixel Giresity eertbiveds confilgiration in
whi ch the scanning TFT 24 and the current-to-voltage conversion TFT 25 are
shar ed bet weshunmod iof et isorasar e dieupedkeds cdne b ieckooot dd ndptad t he present
exanple, it is possible to greatly reduce the area of the pixel circuits
occupi ed bycutwedtTos anch ttets td dise poSStibd ep i:0e BXd neh Bt St Ac ki g
arrangenment of light emtting units or reduce pixel size to thereby

increase rasmdal | Othe WHi£ dlergd ©SpNtneXafpl rdd o CHHE Ubth&X k@1 i n
whi ch the scanning TFT 24 and the current-to-voltage conversion TFT 25 are

shared bet vetiod 05 Pixife ddmd 00 OUsut Ndle tdn S AU didcdfeand the
current-to voltage conversion TFT 25 can be shared between three pixels or

nore. In thi f i el 0f 1t i.storss is further
hSe CRS& & ﬁ%a&éa%@%@ﬂsﬂgcr{ipnéé‘uﬁ% 7Ol hlisARSIs3L, OFy

increased. In addition, 7inste the scanning ‘'TFT 24 and the

current-t O‘f’ﬂéégseca%\/rﬁ{ S.!!lq'pe 'A gl?d A tsécsorpéjssséﬂx?n{go line ES of

the pixel circuit to which the data current is written
are both selected. Supposing that the pixel circuit 11-k-
1 in FIG. 10 is the pixel circuit to which the data
current is written, for example, WSk-1 and ESk-1 are both
selected.

On the other hand, in the pixel circuit to which
the data current is not written but which is used as the
bypass current circuit, only the 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 circuit (bypass current circuit) used for
bypass current.

Specifically, since the second scanning line 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 luminance data and retained by a capacitor 23 is not
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share only one of the TFTs between a plurality of pixels. [Third

enbodi nent] FIG 15 is a schematic diagramof a configuration of an active
matri x type display apparatus according to a third enbodi nent of the
present invention. As with the active matrix type display apparatus
according to the second enbodi nent, the active matrix 32 type display
apparatus according to the third enbodi nent is configured so as to share a
first scanning line W5 between x pixel circuits in the same bl ock when x

pi xel circuits continuous in the colum direction are formed into one bl ock
and sel ected sinultaneously, and a data current is witten to one of the

pi xel circuidissdmradd hieyalpitdes THT A ¢ PUl & eRAh Bt Hlygpbred culnent
circuits. As described above regarding the active matrix type display

appar at us acduorglicepd 0 drkey seEton c ol i gierdyi wher ttioe pixed 24 ramdts in

t he sanme bl ock are sel ected sinmultaneously, scanning |lines W5 of the driven
circuits opgatfundcide santhdaeduey , cuntkiher@frel tdier Scahni{bepassane W5 can
be shared in the sanme block. In the present exanple, where x = 2, a
scanni ng | i n&yddrd , ci?Ari ) S shared between a first-row and a second-row
pi xel circuit, ..., and a scanning line 12A-n-1, 12A-n is shared between an
(n-1)th-row and anqall Lawehl %el «Hle Gt 207161 it SGaRl haucall 0 dha
plurality of pixel circuits 11-k-1 to 11-k+2 connected to an iIth-colum
data line 14sdm i), td tiv trd \ i X ding to the
third enbodizarr?eTntj% slrkghl'gl\c/:\ln' |fatg$(\fic§t6ﬁ %c%%ﬁﬁe%?%%%’r (a:[‘ﬁl‘?és 11-k-1 to
11-k+2 has g, A3, L4fd oAt on 25 1N Bl An 1AM (e ASQT ST A S e

first
through the TFTs 24 and 25 is Iwl. In this case, the
following relational equation holds between the data
current Iwl and data line current IwO0:
IwO = x* Iwl

Thus,

1:x Iwl:IwO

The following relational equation holds between the gate
width W1l and gate length L11 of the TFT 24, the gate
width W12 and gate length L12 of the TFT 25, the gate
width W01 and gate length L01 of the TFT 124, and the
gate width W02 and gate length L02 of the TFT 125 in the
pixel circuit according to the conventional example (see

FIG. 3):

Iw) = x ' Iwl

(Wi1/L11) : (W01/L01)

(W12/L12) : (WO2/L02)

For example, supposing that the gate length does
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33 enbodi ment, that is, the configuration of the current witing type

pi xel circuit having four transistors (TFTs). FIG 17 shows driving timng
of the plurality of pixel circuits 11-k-1 to 11-k+2. As descri bed above, in
the active matrix type organic EL display apparatus in which x pixel
circuits continuous in the colum direction are formed into one bl ock and
sel ected sinultaneously, and in which part of a data line current is
witten as a data current to the pixel circuit for witing | um nance data
and the other pixel circuits are used as bypass current circuits) the first
scanning line Ws is shared between the x pixel circuits in the sane bl ock.
It is therebgtpebangre 88 fAeddzébeBeahamBer tBENfjrst scanning lines WS to
1/x. Thus, in addition to the effects obtained by the second enbodi nent, it
is possible to reduce disfet awodi ze in the columm direction (vertical
direction) by an amount corresponding to the reduction in the nunber of
scanning lines Wo.L\Mhid e.on the third enbodi nent, the x pixel circuits
continuous in the colum direction are formed into one bl ock, the pixel
circuits do not negessari}y-meed to be continuous in the colum direction
di screte x pixel circuits may be fornmed into a block. Also in this case, 34
al though wire routiqng 4 sygequired in each of the pixel circuits, the first
scanning line W5 can be shared between the x pixel circuits in the sane

bl ock. [Fourth em%ﬁugﬁﬁggsuming that the data current having the

same current value as the bypass current is written to
the pixel circuit 11-%k, the gate widths W1l and W12 of

'
the TFTs 24 and 25 in the pixel circuit 11-k can be
reduced to 1/x of the gate widths W01 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 increased.

As described above, in the active matrix type
organic EL display apparatus using the current writing
type ﬁixel circuits 11, two pixel circuits adjacent to
each other in the column direction are selected
simultaneously, and part of the data line current Iw0 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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An active matrix type display apparatus according to a fourth enbodi nent of
the present invention wll next be described. A configuration of the active
matri x type display apparatus according to the fourth enbodi nent is
substantially the same as that of the active matrix type display apparatus

accordi ng

configuration of a plurality of pixel

to the third enbodi nent as shown in FIG 15. A circuit

circuits 11-k-1 to 11-k+2 connected

to an ith-colum data line 14-i in the active matrix type display apparatus
to the fourth enbodinent is shown in FIG 18. The pixel circuits
11-k+2 accordizgﬁto t he present exanpl e use, as_ an anal og swtch,

accordi ng
11-k-1to

a CMOS trarsixglorc ey bt
TFT 24B in parallel with each other in place of the N channel
24 in the pXketheiTRIS t24howh 359 FIG iB6.throtedt iralssdfble ftiq stedwemni ng
line Wok-1, k is supplied directly to a gate of the N-channel

P- channe

Wy kR RRRN el 2t AP chashedsqHm 2Bhe afdzg

TFT

TFT 24A, and

IS invertedhy datd nuetteng 28imendsuthetarstigpl iedand shgat enotedse Phehannel
TFT 24B. 35 Usual ly, a pixel circuit uses a unipolar switch as an anal og
switch becalisfe aind tdddl@tiom o HHewvfaihe Bl kéisfhayhepphhetuband, as

descri bed

si mul taneously sek@ctisn@d We Riotelss tadjtacant & Q reash WGt Hd ddws col um

di rection,

current gre@ge_f g)haébggf &i‘f&@i‘ésfé

pi xel whi |

as effects of the second enbodi nent, for exanple, by

and witing a data current to one of the pixels and not witing

the data clyySind 0 dhe SLNeHq Pdntsda d Pl &1 M c4i5d 8is 1 P 01 BEES P YS!
circuit as a bypass current circuit, it is possible to set a witing data

e preventing an I ncrease

column direction, the present invention is not limited to
two pixel circuits, and more pixel circuits can be
selected simultaneously. By increasing the number of
pixel circuits to be selected and thus increasing the
number of pixel circuits 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 data line current Iw0. However, from a
trade-off relation, since a distance between the
transistors forming the current mirror circuit is
increased, effect of compensation for variations in
transistor characteristics is correspondingly reduced.

Moreover, while in the second embodiment, the pixel
circuit to which luminance data is not written but which
is selected as a pixel circuit used as a bypass current
circuit is a pixel circuit adjacent in the column

direction to the pixel circuit for writing the luminance

28
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the size of the transistors. In other words, when the current value of the
witing data current is set unchanged, it is possible to reduce the

transi stor area of the pixel. Thus, the CMOS transi stor 27 can be used as
an analog switch of the pixel. Wien a |ow current is passed through the
TFTs 24 and 25 in the pixel circuit according to the third enbodi nent, a
source potential of the TFT 24 is increased and a gate-to-source potenti al
of the TFT 24 is decreased, so that the TFT 24 nay not be fully turned on.
On the other hand, in the pixel circuit according to the fourth enbodi nent,
an analog switch is fornmed by using the CMOS transistor 27. Therefore, when
a |low curref@tips fAes®d*xed CigRuddgh st Be tCmes eeEaTdilet drimgtasthda tHer 25,
the TFT 24B is fully turned on even if the TFT 24A is not fully turned on,
so that thea@Vegentawsiest or 27 can be fully turned on. It is to be noted
that the foregoi ng enbodi nents have been described by taking as an exanpl e
a case where an orBantbebhodevi eeenswherdtes pise3ptaycdeviscaddhcangi xel ,
and a polysilicon thin filmtransistor is used as an active device of the
pi xel so thab thehpoesent inneeat iconunh d@ipleced ono adet ised geddd X type
organi c EL di splay apparatus obtained by form ng the organic EL device on a

substrate weemR1ithe cRAlsHY laisCan ttihieN sfldomdt eabiaahent,s fornmed; however,
the present invention is not limted to the application to the active

matri x type-gugaRice rls tdicgPlody tARPALALES s t3RE RS MMNES ¥'He IAMSE{ON i S
applicable to active matrix type display apparatus in general that use, as

a display dgyl68,00:3 Rlitehnay? R0 vadiledd H Rl GUAERY & it em.

el ectroopti c device that
It is generally known that in a case where thin film
transistors are used as the transistors in the pixel
circuits, when N-type transistor characteristics become
stronger, P-type transistor characteristics become weaker,
or when P-type transistor characteristics become stronger,
N-type transistor characteristics become weaker; thus
variations 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

opposite conduction types as the TFT 24 for a scanning
switch and the TFT 25 for current-to-voltage conversion,
for example an N-channel field-effect transistor as the
TFT 24 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 line can be
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changes brightness thereof according to a current flowng therein. As
descri bed above, the active matrix type di splay apparatus or active matrix
type organic EL di splay apparatus according to the present invention supply
part of a data line current for driving a data |line as a 37 bypass
current. It is thereby possible to set the data line driving current
greater than a data current flow ng through TFTs provided in a pixe
circuit, and thus substantially reduce |um nance data witing tinme. In
addition, when the witing time is set unchanged, transistor size of the
TFTs provided in the pixel circuit can be reduced. It is thus possible to
i ncrease t heositzelded .r eEoruthenabpvensedropl ayt WEi Hesimabgeetter vee
enbodi ments of the present invention have been described using the specific
terns, such fdedci-iegtfiemt itsaneri sitlonss tofatoppre sgurepeesiuwnti ign anbead 4 to be
under stood that changes and variations may be nmade wi thout departing from
the spirit ahesaome 4 tanel fosl.l owing clains. 38 CLAIMS 1. An active
matrix type display apparatus conprising: a pixel unit formed by arranging
pi xel circuits in gniBkrtKeMBBBBAd 8AbHARMEEL BhECBeks @aehkrhawidng an
el ectrooptic device; data line driving means for supplying |um nance data
to said pixgho¥d BY taidhe? addld AW @NadtiVe matrix type

display apparatus provided with current writing type

pixel circuits of a four-transistor configuration, the

current writing type pixel circuits are not limited to

pixel circuits of the four-transistor configuration.

Pixel circuits of other than the four-transistor

configuration will be described in the following.

FIG. 13 is a circuit diagram showing an example of

configuration other than the four-transistor

configuration of current writing type pixel circuits. The

pixel circuits according to the present example are

configured such that a scanning TFT 24 and a current-to-

voltage conversion TFT 25 are shared between two pixels

adjacent to each other, for example, in each column.

Specifically, as for a first scanning line 12A, scanning

lines 12Ak-1, 12ak+1, ... are arranged one for every two

pixels. 1In 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 12Ak-1, and a source of the scanning TFT 24

is connected with a drain and gate of the current-to-
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data lines; and current control neans for dividing the data |ine current
supplied fromsaid data line driving neans into a data current for witing
the lum nance data to each of said pixel circuits and a remnai ni ng bypass
current, and thus driving the data line current. 2. An active matrix type
di spl ay apparatus as clained in claim1, wherein said current control means
is provided in each block fornmed by a plurality of pixel circuits connected
to an identical data line of said pixel unit. 3. An active nmatrix type

di spl ay apparatus as clained in claim1 or 2, wherein said bypass current
of said data line current is equal to said data current, or said bypass
current is godhage thamesaidnd@Fa €&rredt drddns 4f AFTacRi6vendan6i 0 ft ype

di splay apparatus as clained in claiml, 2 or 3, wherein said pixel circuit
i ncl udes: 'a&héited ahakdg.sw tch having one term nal connected to said data
line and controlled by a first scanning line to be selected and not to be

sel ected; current-goeVvol4 agleowdny ed 51 Vin greenri €ONAELA edoh OwREAt BRE term nal
of said first anal og switch, for converting the data current inputted via

sai d first gnﬁg@gcémgbrhe&enalqabalwl EAge s cAnheAaNdranaliognaicheh having
one term na onnected to an out put term nal of sai current-to vol t age

conver si on g8aps,andocoat £abLed oy e2e3860RIT993NALN0 bRl @digeag] ect ed

and not to sel ected retai ning means connected to another term nal

of said secppd SQQeQQ P L 60a . TOb L ELALNL DD 5perg€£gn in this case is

the same as in the foregoing example. In this case, the
current-to-voltage 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 transistors in
every two pixels. The number of transistors in two pixels
is 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 current, thus
inevitably resulting in a large area being occupied by

the transistors.
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vol tage supplied fromsaid current-to-voltage conversion neans via said
second anal og switch; and driving neans for driving said el ectrooptic

devi ce according to the data voltage retained by said data retaining neans.
5. An active matrix type display apparatus as clainmed in claim4, wherein
said first analog switch and said second 40 anal og switch are forned by a
first field-effect transistor and a second field-effect transistor,
respectively; said current-to-voltage conversion neans is fornmed by a third
field-effect transistor having a drain and a gate electrically connected to
each other for generating the data voltage between the gate and a source

t her eof by bei ng SUppiiedttiath hdnd ddw weknrenthe rpixehi gorbi guraheoyi a
said first analog switch; said data retaining nmeans is forned by a

capaci tor fiom wieiahnting shenman@ VBTt 2ageagdnthat edripenwetn -vhétggee and t he
source of said third field-effect transistor; and said driving neans is
formed by acdoueididherrpiredfestet sRABERt DEtReBneevedptireser b@s ini thesai d

el ectrooptic device and formng a current mrror circuit in conjunction

with said thixeh féetenets egécbransystorthé. prasagti ¥Rafipliel Xitype di splay
apparatus as claimed in claim5, wherein said current mrror circuit has a

mrror rat'ﬁb§§%b§&cbot@ﬁéa@lﬁrﬁé@uéérEﬁ@taib&“b@gth@ §§k@1tQhE@u1ts,
field-effect transistor is greater than a dra mcurrent flowing in said

; gurth fielgd:eifeh byapsl stPes anAehagtwelg%alsélhxe%@' gRkay qagpar at us

stacking arrangement of light emitting units or reduce
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 shared 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-voltage conversion TFT 25, it is possible to
share only 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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claimed in claim5 or 6, wherein said first field-effect transistor and
said 41 third field-effect transistor are of opposite conduction types
fromeach other. 8. An active matrix type display apparatus as clained in
any one of clains 5 to 7, wherein said first field-effect transistor, said
second field-effect transistor, said third field-effect transistor, and
said fourth field-effect transistor are each fornmed by a polysilicon thin
filmtransistor. 9. An active nmatrix type display apparatus as clainmed in
any one of claims 5 to 8, wherein said first analog switch is forned by a
CMOS transistor. 10. An active matrix type display apparatus conprising: an
el ectroopt ityrieviisplay pixedraris docordlihy terbhgi hhipdxenbedivants in a
matri x manner, said pixel circuits each witing |umnance data to said

el ectroopt iis dewiiglye d slatas cuo remdrsupptfiedtt beanghng tlaba Wene; and
current control means for effecting control such that part of a data |line

current forpétwedmok SiitedadbrdhNes i sn StRPl s&becaB168R WREA gUPLRBL to a
pi xel circuit for witing the |lum nance data and a renmi ni ng bypass 42

current is passedd OO GoP@r {n 0fh&neb hemn PaXBLceibaULEeCOPPREED tO the
sane data line. 11. An active matrix type display apparatus as

into one 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. 1In thelpresent
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
shared between an (n-1)th-row and an nth-row pixel
circuit.

A circuit configuration of a plurality of pixel
circuits 11-k-1 to 11-k+2 connected to an ith-column data
line 14-i 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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clainmed in claim210, 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. 12. An active matrix type display apparatus as clained in
claim 10 or 11, wherein said pixel circuits each include: a first anal og
swi tch having one term nal connected to said data line and controlled by a
first scanning line to be selected and not to be sel ected;
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 cembediedntto amacutiput tther mondli ofrasaiah af ridrd -durnegit age
conversion nmeans and controlled by a second scanning line to be sel ected
and not towhetiekeaiyed mhatel reiatwi oghaedng conmeciracistie tarat herFtsar m nal
of said second analog switch, for retaining the data voltage supplied from

sai d curremtrgl0190lshage @IVANY AUinfihg Jrealle \WSAl ity epoyh adm|l 0g
switch; and driving nmeans for driving said electrooptic device according to

the data vQlitags ket di.Red Ry sai.g.data retaining nmeans. 13. An active
matrix type dlsplay apparatus as clainmed in claim12) wherein said first

scanning line is ggaéﬁgcpggggegpgvglxgh %h k%;%@ nggqxthglunlnance dat a
the

is witten andaplxe circurt o0 whic um nance data not written.

organic EL display apparatus in which x pixel circuits
continuous in the column direction are formed into one
block and selected simultaneously, and in which part of a
data line current is written as a data current to the
pixel circuit for writing luminance data and the other
pixel circuits are used as bypass current circuits, the
first scanning line WS is shared between the x pixel
circuits 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 (vertical direction) by an amount
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 necessarily need to be
continuous in the column direction; discrete x pixel

circuits may be formed into a block. Also in this case,
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14. An active matrix type display apparatus as clained in claim12 or 13,
wherein said first analog switch and said second anal og switch are forned
by a first field-effect transistor and a second field-effect transistor,
respectively; said current-to-voltage conversion neans is fornmed by a third
field-effect transistor having a drain and a gate electrically connected to
each other for generating the data voltage between the gate and a source

t hereof by being supplied with the data current fromsaid data |ine via
said first analog switch; said data retaining neans is fornmed by a
capacitor for retaining the data voltage generated between the gate 44

and t he sowldhoafghsaiidcd haut ifricelics efdwcirdd ansietar ;ofanthes g ikalk i vi ng
means is formed by a fourth field effect transistor connected in series

W th sai d eliectriaent ithedepd e adtthrfroiny Mgie OIS redt b rdlred rcuit in
conjunction with said third field-effect transistor. 15. An active matrix

type di spl @) t3Rar &t a9l Bid-dut d ainn tdfe MM @d1b®al d current mirror
circuit has a mrror ratio set such that a drain current flowng in said
third fiel dpeffieet sl is greater than a drain current flowing in
said fourth field-effect transistor. 16. An active matrix type display

Fansi stor third PrePdesrPortetsinerbl, tapaty BRadai s assaledlrdy tYpes
from each %tohealr 'fo%Z:'thA%m%CcHi\fneenr{:atorg Xtﬁé/pperedsl esrﬂ'! a’JanaéarPtairc?rE uwsilalS next
be described. A configuration of the active matrix type
display apparatus according to the fourth embodiment is
substantially the same as that of the active matrix type

display apparatus according to the third embodiment as
shown in FIG. 15.

A circuit configuration of a plurality of pixel
circuits 11-k-1 to 11-k+2 connected to an ith-column data
line 14-i in the active matrix type display apparatus
according to the fourth embodiment is shown in FIG. 18.
The pixel circuits 11-k-1 to 11-k+2 according to the
present 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 TFT 24 in the pixel circuit shown
in FIG. 16. Potential of a first scanning line WSk-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.
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claimed in any one of clains 14 to 16, wherein said first field-effect
transi stor, said second field-effect transistor, said third field-effect
transistor, and said fourth field-effect transistor are each fornmed by a
polysilicon thin filmtransistor. 18. An active matrix type display
apparatus as clainmed in any one of clains 12 to 17) 45 wherein said first
analog switch is forned by a CMOS transistor. 19. A driving nethod of an
active matri x type display apparatus, said active matrix type display
apparatus including: an electrooptic device; and current witing type pixel
circuits arranged in a matrix manner, said pixel circuits each witing

| um nance data toUsaiad lel,ect pdogstli o idewiide Use s aatre miraerewisuppld ed
through a data line, said driving nethod conprising: dividing a data |ine
current forardrandlng savitclatlvedanee i of oat hbmtedaicnriendréarow theng the

| um nance data to each of said pixel circuits and a renai ni ng bypass

current, and ks osuppleyidthdrheadat,a dd MR i i a2 f e dld \WingHet hod of
an active matrix type display apparatus, said active matri x type displ ay

appar at us iddd#l NGibHY R £E!  OOPL b£afiSV Cohy aRInEYEL RO uM |t i Ng type pixe
circuits arranged in a matrix manner, said pixel circuits each witing

I um nance %ge;lge%ﬂnﬁfi&c?' éPQpé&faS'ﬁ%{dC@o bYa & I3L Re £UL £ €PH e SHPPLAR]

t hrough a I ne, sal riving net conprising: supplying part of a

data Iine Gyrient; for drd o sald, dale, | Log 3. the gala euphent to a pixel

circuit for Wwiting t ie ¢ Ui han a and passing a remarnrng part of the
data line %l{rxreeins:[ aai'lsd anobtypv?'xslst:{:rlljgrrtet[x]é éarl]{gug@r%ent to the other
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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46 part of another pixel circuit connected to the sane data line. 21. An
active matrix type organi c el ectrol um nescence di spl ay apparat us
conprising: a pixel unit formed by arranging current witing type pixel
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 emtting | ayer between the first

el ectrode and the second el ectrode, and said pixel circuits each witing

| um nance data by a data current supplied through a data |ine; data |ine
driving neans for supplying |um nance data to said pixel circuits as a data
| i ne curremnthnowgldatiee | CM@S; t aamis tatoen27 condr ol TREaRS, f ohedryrdeng t he
data line current supplied fromsaid data line driving neans into the data

current foriswiding tdenéandmageendatacthe ereh2oh $ai fopi ¥ahi1gircuits and a
remai ni ng bypass current, and thus driving the data line current. 22. An

active Mt rive a0 GBI €n et ech & OkMOL NesaREEEL 8L SPh ay¥aapBar aliwgyas cl ai med
in claim21, wherein said current control neans is provided in 4 each

bl ock formg, iy Hhurality of pixel circuits connected to an identical
data line of sard pixel unit. 23. An active matrix type organic

el ectr ol umi nescengg JiSRIAY, ARRAAS UndS Gl B dY A AModinents

have been described by taking as an example a case where
an organic EL device is used as a display device of a
pixel, and a polysilicon thin film transistor is used as
an active device of the pixel so that the present
invention is applied to active matrix type organic EL
display apparatus obtained by forming the organic EL
device on a substrate where the polysilicon thin film
transistor is formed; however, the present invention is
not limited to 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 electrcocoptic 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 according to the present invention supply part

of a data line current for driving a data line as a
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21 or 22, 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. 24. An active matrix type organic el ectrolum nescence displ ay
apparatus as clainmed in claim?21l, 22 or 23, wherein said pixel circuit
includes: a first analog switch having one term nal connected to said data
line and controlled by a first scanning line to be selected and not to be
sel ected; current-to-voltage conversion neans connected to anot her term nal
of said first analog switch) for converting the data current inputted via
said first analog swtch into a data voltage; a second anal og sw tch having
one ternm ndyreermentmentn. ad todtsphetredyi pelssdbleaitd matr ddte tda teol t age
conversion nmeans and controlled by a second scanning line to be sel ected
and not to ldeesealreotisery datrentetgren ter ndens € odatect @trtentanbldweing er m nal
48 of said second analog switch, for retaining the data voltage supplied
fromsai d aHdRRir TPEMO|JrRgel CONVEL Sd Ofti FERNSi M i SAI sh&egipne anal og
switch; and driving nmeans for driving said electrooptic device according to

the data Vlutade distAl e o v S il #n d 1@ tH N ARG - t e . ArACt i Ve
matrix type organlc electrolunlnescence di spl ay apparatus as clained in

cl ai m 24) q:llqmsal rtg.; qu{pﬂlgsv%ﬁgg 20d; sai ¢h Seeondy anal og switch
|'d-ef fect '

are forned fir'st
transistor size of the TFTs provided in the pixel circuit

can be reduced. It is thus possible to increase the size
and resolution of the display.

While the preferred embodiments of the present
invention have been described using the specific terms,
such description is for illustrative purposes only, and
it is to be understood that changes and variations may be
made without departing from the spirit or scope of the

following claims.
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transi stor and a second field-effect transistor, respectively; said
current-to-voltage conversion neans is fornmed by a third field-effect
transi stor having a drain and a gate electrically connected to each other
for generating the data voltage between the gate and a source thereof by
being supplied wth the data current fromsaid data line via said first
anal og switch; said data retaining neans is forned by a capacitor for
retaining the data voltage generated between the gate and the source of
said third field-effect transistor; and said driving nmeans is forned by a
fourth field effect transistor connec (\Q series wth said 49

el ectrooptic device and formng a cur&EH ll’lg'rror circuit in conjunction
with said third field-effect transistor. 26. An active matrix type organic
el ectrol um nescente s atyivppedadits @€ @i sy nagparatu5, wherein said
current mrror circuit has a mrror ratio set such that a drain current
flow ng i nceabgithngd field-effect transistor is greater than a drain
current flowng in said fourth field-effect transistor. 27. An active

”BtFiX type OrganéQpPi@PtﬁﬂiH”E8§ﬁE§PEf Qk?&héYn?pﬁékéﬁUéiﬁéu?kéiEﬁd iP
claim?25 or 26, wherein said first field-effect fransistor and said third

fiel d-ef fegtnbEaas! aLabed © salaopagalt ©16004ua! il YRS iy g each ot her,

28. An active mairix type ‘organi ¢ el éctrolunmnescence display apparatus as

clai med i n 3y ens, 0t ChalTee3s to 27,

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
claimed 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 unit.

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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wherein said first field-effect transistor, said second field-effect
transistor, said third field-effect transistor, and said fourth
field-effect transistor are each formed by a polysilicon thin film
transistor. 29. An active matrix type organic el ectrolum nescence displ ay
apparatus as clainmed in any 50 one of clainms 24 to 28, wherein said first
analog switch is forned by a CMOS transistor. 30. An active matrix type
organi c el ectrol um nescence di splay apparatus conprising: a pixel unit
formed by arranging current witing type pixel circuits in a matrix manner,
said pixel circuits each having an organic el ectrol um nescence device with

a first electrode,4a SeCQHLBlELGAA08: Bk all PR LHAud id uding a
light emtting |ayer between the first electrode and the second el ectrode,

and said pigel;mbECYhLt 818N W t] | um nance data by a data current
supplied throuéﬁ a gata ??ne;'é%dhgg%Tent control neans for effecting

control such that é%e?ﬁ 2 9 ggiiéfeccyéﬁfgti%giugégying said data line is
supplied as the data curren a plrxer-circul OfF Witing the |um nance
data and a renaining.pbypass current,is passed through a, t of anotaer
pi xel circuit cond%c%%%g PRPECL AT UER SR Y HRY %S ﬁrﬁbﬁ? CHRE P&y pe
organi c el ectrol um nescence di spl ay apparatus as clained in ¢laim, 30,

wher ei n t het@afal€ufifEAt L4BFpPPEdCPRERPLARE BYr RehiTEGNEFBPRABINL 1PE said

pi xel circuit is greater than a 51
to be selected and not to be selected;

current-to-voltage conversion means connected to
another terminal of said first analog switch, for
converting the data current inputted via said fir;t
analog switch into a data voltage;

a second analog switch having one terminal
connected to an output terminal of said current-to-
voltage 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 current-to-voltage conversion
means via said second analog switch; and

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

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

wherein said first analog switch and said second
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current driven by driving neans. 32. An active matrix type organic

el ectrol um nescence di splay apparatus as clainmed in claim30 or 31, wherein
said pixel circuits each include: a first analog switch having one term na
connected to said data |ine and controlled by a first scanning line to be
sel ected and not to be selected; current-to-voltage conversion neans
connected to another termnal of said first analog switch) for converting
the data current inputted via said first analog switch into a data vol tage;
a second anal og switch having one term nal connected to an output term nal
of said current-to vol tage conversi on neans and controlled by a second

scanning | BA168 B% iSehPeRe Ay & e Sel eeterh. daf e et ai ni ng means

connected to another termnal of said second anal og swt for retaining

the data VSIrEQQQS ! inef' 4 TUDGH &G &l e d Evg#r&glesggpversi on means via
roar t

sai d second anal og swi tch; an riving nmeans fo IvVing said el ectrooptic
devi ce according.to the data voltage retained by said data retaining neans.
33. An actfﬁépﬁ§FFWf Nipe organic 52 el ectrol um nescence displ ay
apparatus as clainmed_in claim 32, wherein said first scanning line is

shared between a PP%8I CEFFEDLt tPoVRAFaA St RONVEFSAZRC Bedata tiss ftMeaden and a

pi xel circuit to_which the |um nance data i s not
by a third field-effect transistor having a drain and a

gate electrically connected to each other for generating
the data voltage between the gate and a source thereof by
being supplied with the 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
and the source of said third field-effect tramnsistor; and

said driving means is formed by a fourth field-
effect transistor connected in series with said
electrooptic device and forming a current mirror circuit

in conjunction with said third field-effect transistor.

6; An active matrix type display apparatus as

claimed in claim 5,

wherein said current mirror circuit has a mirror

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

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

wherein saia first field-effect transistor and said
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witten. 34. An active matrix type organic el ectrol um nescence di spl ay
apparatus as clained in claim32 or 33, wherein said first analog switch
and said second analog switch are fornmed by a first field-effect transistor
and a second field-effect transistor, respectively; said current-to-voltage
conversion neans is formed by a third field-effect transistor having a
drain and a gate electrically connected to each other for generating the
data vol tage 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 neans is-fornmed by a capacitor for retaining the data

vol t age gegsra&eﬂ.bg%megg tge gate,a d the source of,  said third

field-ef fetP trahsFstor T8Nt E5FE HF FOF nitf fredth CRROF FrGetP R ¥Burth fiel d
effect transistor_connected in series with said 53 el ectrooptic device
and forninﬁygeéu%Fgﬂteﬂ$?rth%¥rcuit in conjunction with said third

field-effect tran§[stgﬁ.?§§1V@qn§@%lyet r&ﬁﬂ%%%?égﬁ%?gé:

] as . .
el ectrol um nescence di splay apparatus as cl ai |nf§ﬁ, wherein said

current mpiQEmehl ¢Hi hnPasnd GErEPLhAL4 O 5€f such that a drain current
flowing in said third field-effect transistor is greater than a drain

current flow ng ipnsaéinfosidheiiret dreffecdréd@nsisdyis3G, AuRLtive
matri x type organi c el ectrolum nescence display apparatus as clainmed in

claim 34 osedbnd 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
claimed in any one of claims 5 to 8,
wherein said first analog switch is formed by a

CMQOS transistor.

10. An active matrix type display apparatus
comprising:

an electrooptic device;

a pixel unit formed by arranging pixel circuits in
a matrix manner, said pixel c¢ircuits each writing
luminance data to said electrooptic device by a data
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 data current to a pixel circuit

for writing the luminance data and a remaining bypass
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wherein said first field-effect transistor and said third field-effect
transi stor are of opposite conduction types fromeach other. 37. An active
matri x type organi c el ectrol um nescence display apparatus as clainmed in any
one of clainms 34 to 36, wherein said first field-effect transistor, said
second field-effect transistor, said third field-effect transistor, and
said fourth field-effect transistor are each fornmed by a polysilicon thin
filmtransistor. 38. An active matrix type organi c el ectrol um nescence

di spl ay apparatus as clained in any 54 one of clainms 32 to 37, wherein
said first analog switch is formed by a CMOS transistor. 39. A driving

met hod of ap,a¢khye iHBLELX kYR r8hgANiaC pah@ChEOL U RRICENGR 1di-gRl-aY ¢
apparatus, said active matrix type organic el ectrolum nescence displ ay

appar at us igthgEdiggégﬁgg_@ghgiBgtgygqﬁg[xel circuits arranged in a

matri X manner, sai circuirts each having an organic
electroluninescenCﬁ%de ice wi.th a fir.st elect.od%: a second el ectrode, and
i ncl

an organic |layer i u nnéice{:llviegmate’?ﬁxt tqergeI 3 PetIEEH & 4% st

el ectrode and the second el ectrode, and said pixel circuits each witing
| uni nance d&t3iBFdalBafa@dlr t&nt supplied through a data line, said driving
met hod dividing a data |ine current for driving said data l[ine into the
data current for WHeTHE tFeld PRFTCHRYARE P katH 6f98B: dl PP%el circuits
and a remai ni ng bypass current, and thus supplying the data |ine current.
40. A drivi agrirenkodsofquplatei veifdndpitr cypeestganicselidcbyorani nescence
di spl ay apparatus, said

current is greater than said data current.

12. An active matrix type display apparatus as
claimed in claim 10 or 11,

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 means connected to
another terminal of said first analog switch, for
converting the data current inputted via said first
analog switch into a data voltage;

a second analog switch having one terminal
connected to an output terminal of said current-to-
voltage 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 current-to-voltage conversion
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active matri x type organic el ectrol um nescence di splay apparatus including
current witing type pixel circuits arranged in a matri x manner, said pixel
circuits each having an organic el ectrolum nescence device with a first 55
el ectrode, a second el ectrode) and an organic |ayer including a |ight
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 line, said driving nmethod supplying part of a data |ine
current for driving said data line as the data current to a pixel circuit
for witing the Ium nance data and passing a remai ning part of the data

i ne currenhe@ss aviypessd coscend thavoghsaipart &hdanother pixel circuit
connected to the sane data line. 41. Display apparatus operable in

accordance with t f&i’ﬁtﬁéo%ébfnsd@mlzi%ir?gl’sﬁ% Cé_rle‘LQ:-rcfb%)tig Ak e

apparatus of any one of clainms 1 to 19, operable in accordance with the

method of claif @ 2o 39 0hafh: v 4Bl ACLIVE ALY T Xo Ly, oL gaNi C

el ectrol um nescen~e di splay appar at us al s operable in
accordance w th. the h of claim39 or 4U. 56 .A3,.Afe.Af ,.A 3 .AyUF
s A i g o

13. An active matrix type display apparatus as
claimed in claim 12,

wherein said first scanning line is shared between
a pixel circuit to which the luminance data is written
and a pixel circuit to which the luminance data is not
written.

14. An active matrix type display apparatus as
claimed in claim 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,
respectively;

said current-to-voltage conversion means is formed
by a third field-effect transistor having a drain and a
gate electrically connected to each other for generating
the data voltage between the gate and a source thereof by
being supplied with the 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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, . A3
, - A@. AS{R A?. AS{?. AfR A@. A@GR A@R A A . A U?. A@. ANR. A?. ANR. AR Aa?. A(e. AAe.
AR A?. AR A?.A,.A,.A?2.Au ?.A 2. A3BR AF .AY;Y .A .AY .A3 _.AN .A3 .A3 . AuY
A3 .AY .A,.AF .A3F .AF . A . AF?;
nPv67Ec7h} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c<a]cTa! AqvTOi E d @"X # $
} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalcalcalca]ca]ca]ca]calcalcal$ > ? T

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
electrooptic device and forming a current mirror circuit

in conjunction with said third field-effect transistor.

15. An active matrix type display apparatus as
claimed in claim 14,

wherein said current mirror circuit has a mirror
ratio set such that a drain current flowing in said third
field-effect transistor is greater than a drain current
flowing in said fourth field-effect transistor.

16. An active matrix type display apparatus as
claimed in claim 14 or 15,

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

17. An active matrix type display apparatus as
claimed in any one of claims 14 to 16,

wherein said first field-effect transistor, said
second field-effect transistor, said third field-effect
transistor, and said fourth field-effect transistor are
each formed by 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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Yb$[ 7r/ " eE;
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electroluminescence display apparatus as claimed in claim
21, 22 or 23,

wherein said pixel circuit includes:

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 means connected to
another terminal of said first analog switch, for
converting the data current inputted via said first
analog switch into a data voltage;

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

scanning line to be selected and not to be selected;

data retaining means connected to another terminal
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respectively;

said current-to-voltage conversion means is formed
by a third field-effect transistor having a drain and a
gate electrically connected to each other for generating
the data voltage between the gate and a source thereof by
being supplied with the 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
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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electroluminescence display apparatus as claimed in claim
25 or 26,
wherein said first field-effect transistor and said
third field-effect transistor are of opposite conduction
types from each other.
28. An active matrix type organic
electroluminescence display apparatus as claimed in any
one of claims 25 to 27,
wherein said first field-effect transistor, said
second field-effect transistor, said third field-effect
transistor, and said fourth field-effect transistor are
each formed by a polysilicon thin film transistor.

29. An active matrix type organic

electroluminescence display apparatus as claimed in any
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electroluminescence 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
device with a first electrode, a second electrode, and an
organic layer including 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 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 data current to a pixel circuit
for writing the luminance data and a remaining bypass
current is passed through a part of another pixel circuit
connected to the same data line.

31. An active matrix type organic
electroluminescence display apparatus 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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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 means connected to
another terminal of said first analog switch, for
converting the data current inputted via said first
analog switch into a data voltage;

a second analog switch having one terminal
connected to an output terminal of said current-to-
voltage 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 current-to-voltage conversion
means via said second analog switch; and

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

33. An active matrix type organic
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a 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
electroluminescence display apparatus as claimed in claim
32 or 33,

wherein said first analog switch and said second
analog switch are formed by a first field-effect
transistor and a second field-effect transistor,
respectively;

said current-to-voltage conversion means is formed
by a third field-effect transistor having a drain and a
gate electrically connected to each other for generating
the data voltage between the gate and a source thereof by
being supplied with the 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
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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electroluminescence display apparatus as claimed in claim

34,

wherein said current mirror circuit has a mirror
ratio set such that a drain current flowing in said third
field—effec£ transistor is greater than a drain current
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 type organic
electroluminescence display apparatus as claimed in any
one of claims 34 to 36,

wherein said first field-effect transistor, said
second field-effect transistor, said third field-effect
tranéistor, and said fourth field-effect transistor are
each formed by a polysilicon thin film transistor.

38. An active matrix type organic

electroluminescence display apparatus as claimed in any
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39. A driving method of an active matrix type
organic electroluminescence display apparatus, said
active matrix type organic electroluminescence display
apparatus including current writing type pixel circuits
arranged in a matrix manner, said pixel circuits each
having an organic electroluminescence device with a first
electrode, a second electrode, and an organic layer
including 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 line, said driving method
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.

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

having an organic electroluminescence device with a first

55



104| y&10% & () -, $10% & () -#
10% & ()-fO! ml0% & ()-YL0% & ()-yl0% & () -#[ sG dEbC
104| 310% & ()-210% & ()-,F. 10% & ()-yy, 10% & ()-*10% & ()-(10% & ()-i bC
104|,10% h& ()-y-10% h& ()-, 10% h& ()- 10/ 10/
10/ &<10% & () -, 510% & ()-.bAdELC 104| @ 10% h& ()-10% h& ()- 10% h& ()-10%
h& ()-10% h& ()-10% h& () -AuD| dEbC 104| & 10% h& () -$10% h& ()-"10% h& () -
310% h&' ()-F10% h& ()-10% h& ()-| H dEbC 104| 310% h&' ()-010% h& ()-.10%
h& ()-, 10% h& ()-*310% h& ()-( 10% h& ()-!'[~_"axnbC 104]| 10%& ()- 10 h 10 h
10 h<10% h& ()-"9, 10% h& ()-F710% h& ()-510% h& () -2ddEnbC
104| S109&' elefctiOdR, ( p- see¥RA( p1EsIOURle( ) 2@l @R or)gad ik0 %R VEr ?x~aBnbC
104|,3%40%&' ()-!'F 109%& ()-yl0%& ()-110%&' ()-1t10%& ()-10%& ()- CMbdENDC
104| f; 10%&'161)2—1\1@.‘1]:1@0/&' Q)igE‘t— ebQ¥R'i - @W‘iﬁ&‘b@tw\é(elﬂ%&ie( )EiIRS10%&' () -
hbrnal "Headi ng 13]c" "Heading 23]c" Fbading 33] c" "Heading 43]c"
"Headi ng S3hectrdaadana €3kCsecBpadienactsbae,” Baadisag &8 ieé'el" Headi ng 93] c"A
"Default Paragraph Fontud["' +0D57: f>B8&AAL*QvZa_chn rYwl{l\ LZ|;

"S&(*, . 024@§r$ﬁ@QF@A%NPB¥Y>é§h3 quhhﬂ%%a't%ﬂ‘%ﬁ@zﬂ@és%\ﬁ@mnw{ BC7C?
L[Evd ): !\ % P01J314

5=><?@ A~B l; Hl;J T Zg|: f, X Tz{H

T S RS A e Mg
#IUYR *+ - 101234

<= >’>@\88)EI§&PIP\]JKE ng’J@\/&Yg[a\tf’\1lnScﬁ@FﬁﬁﬁtkIfr?ﬁogc?rlsvtlﬁl wxyz{d|} ~6Ti mes

hbm%;in??fél gfg%éézég7g e. daggtcEgEgX¥bEngcu1xea circuit for
O _~
< >7? @\BCDEFGHI. J KL MNOPQRST UVWKY. [éLtE gggdgg Lklgn a%%%%%“{?§|}

"#SUR () *¥ritrBgo8hserRBinance

< >7? ~
@ECDELGH, IKLMNCPORSTLVINYZI L] sbelet ghif k| mobqr stunweyz( )

part of another pixel circuit connected to the same data

line.

41. Display appératus 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,

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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