;e3el L6TI xM , i~nmN\~i n~o~nmui TI TLE OF THE | NVENTI ON ACTI VE MATRI X TYPE

QI SPLAY APPARATUS 5 FI ELD OF THE I NVENTI ON Thi s invention gmmml %EIH%ENF es

fo an‘active matrix type di splay device and, nore particul a

active matri x type display device using an organic el ectrol

device, for 10 instance. This application is based upon and cl ai'{%he
benefit of priority fromthe prior Japanese Patent Application No.

2003-139441 filed on My 467130Q8F THE ENVERTRONeNt s of which are 15
incorporated in this application by reference. BACKGROUND OF THE | NVENTI ON

Organi c el ectrol um nescence (EL) display apparatus have 20 recently
attracted a great deal of attention. Pixels in the display apparatus

contain 'ight:emmmﬁqvmpmxiwmqﬁ PLAYAPPA FI*&TU% ements with
thin-filmsolid-state stacked structures ut the di splay apparatus are not

required to have |light sources such as rear or front light sources in
contrast with liquid crystal display 25 apparatus necessarily provided with

themgy Thus, the display apprIa) GFAHE T8VENTION ght, -thinner in
t hi ckness and stronger 1 1111119A01B11 't t agal nst nmechani cal shocks

than the liquid crystal display apparatus. The EL display el enents are
driven by driver transistors 5 of pixel circuits, the gate el ectrodes of

whi ch are suppl i epilﬁm iAv¥hEfh §bg§§grﬂg %g%éﬁegego var de dg uﬁel BE4{rik @3{& ents

corresponding to e video signa e EL di spl el enent s
to emt WightaypVddyikel dRdNCRSHre" PaGTRANSE 1Y O t8UGkH %!c%%é | a@Yi¥ &Yfpe 10

Vol tages at tHe gate el ecfrodes of the driVer transistors
display device using an organic electroluminescence device, for

‘10 instance.

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2003-139441 filed on May 16, 2003, the entire contents of which are

15 incorporated in this application by reference.
BACKGROUND OF THE INVENTION

Organic electroluminescence (EL) display apparatus have

20 recently attracted a great deal of attention. Pixels in the display
apparatus contain light-emitting devices, i.e., organic EL display
elements with thin-film solid-state stacked structures but the
display apparatus are not required to have light sources such as
rear or front light sources in contrast with liquid crystal display

256 apparatus necessarily provided with them. Thus, the display

apparatus are lighter in weight, thinner in thickness and stronger
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are provided by using a voltage or current signal supply system The

vol tage-signal supply (or voltage witing) and current-signal supply (or
current witing) nmethods are disclosed in U S. Patent Nos. 6,229,506B1 and
6, 373, 454B1, respectively. 15 In the pixel circuits, switching transistors
are provided to supply voltages to the gate el ectrodes of the driving
transistors. Thus, the gate voltages are controlled for a one frane period,
for instgagengt N thEERANSEAL OsAVLLENitih St 3RS Biguide &¥dEl Ndigiflay
transistors. Since the switching transistors turn on or” off, the gate
vol t ages g@para@hsal Ways set to be accurate, i.e., they do not necessarily
correspond to video signals precisely. One of the causes of this effect is
"a feed-through (or punch-through) voltage" of the swi tching transistors,
which is influenced by response 25 characteristics of the switching
transistors. As t’i“ﬁePELedfé‘i;'lh?gﬁ%rx]ﬁéHﬁ‘é HREElriPehPy EMVes ra®isibberdri ver

transistors also varies so 2 that the display e?enents cannot al ways

di splgy WRi§aidl BircafitdlCthe! BafE CALERARRJIdMWIEhY bi8OpabPlRAld WRAVANI I €,
t he applicant has noticed another possible 5 cause of the uneven brightness

fromtheyigbb %\I\'gﬁﬂlé/.iEWoPRéf‘Bvoer?%lécﬁﬁ@%@ir@gnﬁé Qﬁﬁieéﬁoﬁaﬂi’é itSﬁ:_HeD the

swtching transistors fromthe driver circuit though a scannihg |ine, the

scanni ngvsaga%li%ﬁhmaretﬁw deqi fat 1He WIE AP eFdthetith thSeMiif IggIENt i Nn

1
waveform from those at niddle points of the 'scanning line (wiring) and an
end 10 t fith'5ighitned8 14 FédWond£EHRAIN Bldetridcarreatsts fromthe fact
that time constant circuits equivalent to the respective pixel portions are
different fromeach other. In other words, the "feed-through (or
punch-t hrough) voltage" at the output point of the driver circuit is

diffesent in anplvimdgehr 2inthogatateleberddédlisd Apd Svet ifdktdry 15 and
the end termnal of the wiring, respectively, to bring about uneven

bri ght negge( proviiRME Dy uSPhaYa PEltagsCéL Lurre VMR 43 s i1y \MENERN 20

Accordingly, the present invention provides an active matriXx type display

appar at UgHe vrmk&gé@aeﬁhmgalﬁéﬂl@a'(owmag@sﬁmﬁtganéhal éWridift-Sfd®al N each
part of a given scanning |ine. One aspect of the present invention is

directedgu®pdf Goxr deakk¥Bt MEtixg) WAGtHbAR! AYe AARAIAMS iR DVBdePapdih a
pi xel arrangenent region including scanning |ines and signal lines 3 11

crossi ngNdé¥: 6229)5608B1 aad 6{373A54B1 | pédpedti®bly.angl es, pixels di sposed
at vicinities of crossing points of the scanning |'ines and said signal
linegs a scanning line driving circuit for supplying scanning signals to
the scanning lines, a signal line driver circuit 5 for supplying signals to

the signal Iines,ImpHePBike®leifddity] b ipélom ¢ era ReiavBLS atrae%mraréidnﬂol i nes
and the scanning line driver circuits. Tine constants of the buffer

circuits sepplyaveltzgiest fo Nee gadtecectralibst oMM hel deREingcapanBkstorgnal s at
out put sides of the buffer

Thus, the gate voltages are controlled for a one frame period, for

instance, in response to switching states of the switching
20 transistors. Since the switching transistors turn on or off, the gate
voltages are not always set to be accurate, i.e., they do not
necessarily correspond to video signals precisely. One of the causes
of this effect is “a feed-through (or punch-through) voltage” of the
switching transistors, which is influenced by response
25 characteristics of the switching transistors. As the gate voltages

fluctuate, output current of the driver transistors also varies so

2



circuits substantially the same as or longer than that of the |0 scanning
gignals at end termnals of the scanning lines connected to the buffer
circuits. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 A nore conpl ete appreci ation
of the present invention and many of its attendant advantages wll be
readily obtained as the same becones better understood by reference to the
follow ng detail ed descriptions when considered in connection with the

acconpanyhff) haM ddsplayeradbierfd Fednnbt Sadwhly8ckddifgamuefiféfmact i ve
matri x type display apparatus according to the present invention Fig. 2 is

a circul pribaeieyy i acberdansé withotheRiteBfsignad. buffer circuit in the
scanning line driver circuit and an equivalent circuit of the pixel

arrangenent region of the active matrix type 4 di spl ay apparat us shown
in Fig. 1; Figs. 3A through 3F are timng charts to explain operations of

the circuits showleanwhile, Zhe dpflicdnt ShasChbeideld HrAthaP pbskillesecond
enbodi nent of the buffer circuits shown in Fig. 2; Figs. 5A through 5F are

timng chaubs dfahRXihavenlPrightndls@enPthe M1 oW HtE Vi wooTht, Whiesr 4
Fig. 6 is acircuit diagramof the third enbodi nent” of the buffer circuits

shown i NaRidhning 8ighaPis 60ppliodald the axAtthith@YraRaid forsofrdup thien
operations of the circuits showmn in Fig. 6; Fig. 8 is a circuit diagram of

the pi xelrafd@RELPTER thO€GERNaOkcaNRing SheNiRisTBAN Al thenPT e
invention 20 Figs. 9A through 9D. are timng charts to explain operations

of the cpaeputSpsiitvofi théi drivdr EirduilOid YiffeFentUin WaIBTeFMOTréie pi xel
arrangenent 25 region of the second enbodi nent of the present invention
those at middle points of the scanning line (wiring) and an end
10 terminal of the wiring, respectively. This results from the fact that
time constant circuits equivalent to the respective pixel portions
are different from each other. In other words, the “feed-through (or
punch-through) voltage” at the output point of the driver circuit is
different in amplitude from those at the middle points of the wiring

15 and the end terminal of the wiring, respectively, to bring about -

uneven brightness (or uneven display) on a screen.

SUMMARY OF THE INVENTION

20 Accordingly, the present invention provides an active
matrix type display apparatus to make scanning signal waveforms

substantially the same in each part of a given scanning line.

One aspect of the present invention is directed to an
25 active matrix type display apparatus provided with a pixel

arrangement region including scanning lines and signal lines

3



5 f Figs. 11A through 11D are tinming charts to explain operations of the
circuits shown in Fig. 10; Fig. 12 is a circuit arrangenent of the pixel
arrangenent 5 region of the third enbodi mrent of the present invention and
Fig. 13 is a circuit arrangenent of the pixel arrangenent region of the
fourth enbodi mnent of the present invention. 1o DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS Enbodi nents of the present invention will be expl ai ned bel ow

with ref grediiagt @hbhﬁc@ﬁh?ﬁéeﬁnééa&t Ngghs tdn A0l ‘hEEt n&hgﬂeg hgixéhe
present invention is not linted to the embodinments hut 15 covers their

equi val egigposdl Q¥IPRIThitiBE St EACISIH g haTHh BYDE ﬁiénsbahrﬁhgsﬁ'}ﬁesr Gher ence

nunmeral s show sim |l ar, equival ent. or sane conponents. Fig.” 1 1s a block

di agr am gg; &' g Ensl, el @Maﬁli&lfi!ﬁ'ga!lﬁ?e 2Pri3shaL" eiﬂﬁuTtOf&Pes@;sﬁﬁﬁwg
i nvention. The organic EL display apparatus is provi ded w th pixe

arrangensaénﬁeﬂgcm%iﬁ@s @b fhélistaninpalidles, sap%mghag 180! @flgeelcﬁwﬁ driver
circuits 111 and 112 to drive the display panel, and a 25 controller 113 to

control £ SapyBFing Sigiadslld 388 bigna® lindd XGnd@r HAREATRACHEE On 110
is formed on a transparent isolation stbstrate (not shown) such as a gl ass

plate. |providdd Pdtanasiehe é@gﬁﬁ{hg’ﬂ%e@a@%&ﬂ’aséann&g Fne(drividr - - -,
and Px (n, n) are disposed in colums and rows of a matrix.

circuits. Time constants of the buffer circuits each are set to make
rise or fall time of the scanning signals at output sides of the buffer
circuits substantially the same as or longer than that of the

10 scanning signals at end terminals of the scanning lines connected

to the buffer circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

15 A more complete appreciation of the present invention
and many of its attendant advantages will be readily obtained as
the same becomes better understood by reference t(-) the following
detailed descriptions when considered in connection with the
accompanying drawings, wherein:

20

Fig. 1 is a block diagram of an active matrix type display

apparatus according to the present invention;

Fig. 2 is a circuit diagram of the first embodiment of a
25 Dbuffer circuit in the scanning line driver circuit and an equivalent

circuit of the pixel arrangement region of the active matrix type

4



5 Scanning line driver circuit 111 and signal line driver circuit 112 are
formed in outer circunferential regions of pixel arrangenent region 110 on
the substrate. Since scanning line driver circuit 111 includes a shift

regi ster and buffer circuits 130, a 10 horizontal start pulse is
transferred to a next stage of the shift register at every tine when a

pul se is supplied to the shift register froman outer circuit and each
stage of dismlaghpppareghstsdrovwntipu¥'égalscanni ng signal to a corresponding
scanning line through buffer circuit 130 connected to the stage. Thus,

pi xels Px (1, 1), Px (2, 1), 15 ..., and Px (n, m are sequentially scanned
at every row so that data input and hol ding states of pixels Px (1, 1), Px
(2, 1), ..., and IPgs(n 34 threught .36 gl timingr icherrtsi rtoui ¢xdli@nout put s
witing signals to signal |lines Data 1, Data 2, ....,, Data n disposed in
col urms. operabiemsodf the kiscuigsushewhyird dige@;on a driver circuit substrate
provi ded separately fromthe elenent array substrate and outputs data
signdls, various timng signals (for signal read-in and read-out tim ngs,
etc.) and clock signals. 25 Fig. 2 shows a connecting state of scanning
line Ysc. Wien a Bi@nhiisgastigouit sipgraed ofothse aecong kinnkodsmenhasfies from
7 nl alowlevel to a high level, switching transistors (not shown) of
gi ven pi iee dudifer wcivewitersheaiv hirianFagt 8 ned-on state to a turned-off state,
for instance, so that the pixels are also transferred froma data receiving
state to a data holding state. 5 Scanning line driver circuit 111 is
provided with buffer circuit 130 in its output stage through which scanning
signal s are supplHias.t $Aothespghdi F stanntigingneharmisxdo aexphajarent
region 110 is provided for inmage display and an equivalent circuit of 10
scantl ngorpnativns phthaeipewidis %hwwng'mTé'rig. deégi on is shown in Fig. 2.
Scanning line Ysc in pixel arrangenent region 110 can be described as
series connections of time-constant circuits, each of which consists of a
resistor and a capacitor. Buffer circuit 130 consists of a series
connection circuilf1gef6 itianciricunt diagsant of $heTHiie)d eutboditnent fofrtdret t ypes
of conductiyvities such_as p-channel TFT 131 and n-channel TFT 132, Wen a

r ect angubaffegueinguits ghawwfiniikg.e2; circuit 130 is applied to input

terminal 140 and if a rise tinme of the output signal 20 is shorter than a
time constant of RC circuit of wiring (scanning line) Ysc, waveforns at the
out put of the scanning line driver circuit, a mddle of the wiring Ysc, and
the ¥nhd terninal s hd A thngugbc BEcoame t husinghehaits RogsexplaimB and
3C, respectively. The waveformat a |ocation near the output of the

scanni ngoPpratipnsdef the cirewitistshewnein Figulbar but that in the niddl e of
the wiring is distorted in its rise and fall edges. Since the end term nal
of the 8

Fig. 8 i.s a circuit diagram of the pixel arrangement region
of the fi.rst embodiment of the present invention;
20
Figs. 9A through 9D. are timing charts to explain

operations of the circuits shown in Fig. 8;

Fig. 10 is a circuit diagram of the pixel arrangement

25 region of the second embodiment of the present invention;



wiring Ysc is the farthest fromthe scanning line driver circuit, both rise
and fall of the waveformat the end termnal are deforned the nost. Thus,
when switching transistors in a scanning line (row) direction of the pixels
are driven with those waveforns of the 5 output, the feed-through (or
punch-t hrough) voltages vary at locations of wiring Ysc. As aresult, it
causes uneven brightness in the scanning line direction. To solve that

probl em channel RFigagt hsAortHdiple! 11Ddtde H3ndingl FdRai#s bty f&kpKdihcui ts of
the present invention are adjusted for waveforns of scanning signals not to
be si gni phepationsdbBiRE (cfeditseAtdwaCANMipd 10 ne. Figs. 3D, 3E and 3F show
such adjusted waveforns of a 15 scanning signal at a |ocation near the
scanning line driver circuit, a mddle point of the wiring and the end
termnal of wiring Ysc. As seen fromthe draw ngs, the waveforns at those

| ocations are sefFiigd 10£i$W0eHr3Mlit Frir¥ nlgeen SRR tHeAbik Sl aPPARgsm¥h | M8 and
fall time in an output waveform of the scanning signal frombuffer circuit

130 20 agggiififb8thd £19irdCe M MmNRBf R HiéBemONSvEntiod; ahdi ng Ysc. The
rise time ordinarily nmeans tine taken by the waveform of the scanning

signal to shift fromits mininmnumlevel to its maxi mum|evel. Likew se, the
fall time also ordinarily neans tine taken by the waveform of the scanning

signal to shift frmMig $s BRLIrEWEE 2rrafRméRt fSHE pixehkeyfEemdip) design
results in substantially the sane waveforns despite the |ocations of the

W ring. gbafch bfehle ffuth ethbodin®nPbfithle piédedntEdtidd particular this
enbodi nent, is nmade substantially equal, i.e., tul=tut=tu3, the anplitude
of the feed-through (or punch-through) voltages is substantially the sane
at the pixels connected to scanning line Ysc and no | arge dispersion 5

t akegp pl ace. DESERTPTION ORVEH N PREFERREIDEMBODIMENTE/) is not
caused by the feed-through (or punch-through) voltages. The maxi nrum and

m ni nrum potentials are used for the explanation of the sane waveforns of

t he scanning signal at the |ocations of the scanning line. It is inportant

that, when the sVEBydisnéheNofsiiy phsahttitvaneioh will be bkplaided
turned-on state to its turned-off state, transient tine frominitial state

to its tBelew- Rith Hedbfohdd tbhEhSWittaEhad dFenss Olt ahdudld Bexedtddear
buffer circuitl30 is substantially equal to that for the sw tching

transi st @ha@ttnéﬁ?r@béﬁh idverdigo Nt nRtNikditedl td RBheSeaibédimbhbe.bdbat is,
transient time 15 for the switching transistor at the pixel near buffer

circust :39ei® thker f bquivakerits nthugheut thei totthehrdd- dkdwihgbe in
response to the scanning signal frombuffer circuit 130 is substantially
equal tosimdlaf @r shenswdfebbfiget hamserdler showt hdnpilxe] edfuitvadentdok er m nal
of the scanning line to take fromits turned-on state to its turned-off 20
state i nsaes@eoaepdRente scanning signal. Further, it is also desirable to
make another transient tinme for the switching circuit of a pixel near
buffer circuit 130 to take fromthe turned-off state to the turned-on state
in response to the scanning signal substantially the sane as that for the
swi tching circui tFig. 1 he apbksdk diagPemead iy dicnkhadisylayheppasatusng | i ne
to take fromthe turned-off state to the turned-on state in response to the
scanpp ng azicgfding 10 the puesdet inbehtivn.circuit 130 is not linmted to the
present enbodi nent in which p-channel transistor 131 and n-channel

transi stor 132 are connected in series. Buffer circuit 130 may be

The organic EL display apparatus is provided with pixel
arrangement region 110 of a display panel, scanning and signal line
driver circuits 111 and 112 to drive the display panel, and a

25 controller 113 to control the driver circuits 111 and 112.
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5 such other circuits to turn off the switching transistors in the pixel at
a rise of the scanning signal. For instance, the drain electrode of

p- channel transistor 131 is directly connected to a reference potential so
t hat n-channel transistor 132 can be elimnated frombuffer circuit 130. 10
Fig. 4 is acircuit diagramof the second enbodi nent of buffer circuit 130.
The circuit fornms nore preci se waveforns of the scanning signal on scanning

line Ysc. The sopigeledaeid@ifealt fegabaNTED ik foRfd&d @h &3tradrs ted to
constant current line 141 15 through constant current source 133. The drain

el ectr odeggélfatiok Naabsirateakabst Hhowdd bacEonBeat @llab® SR aDh puksent line
142 through constant current source 134. Constant current source 133 is

provi ded awrh R gBnftdPEEid 2101 piRE1sIPR @NA)L P& eDULEE. €l £ MO €n Otn)

p-channel transistor 135 is connected t.o voltage supply |ine 201. 20
Capaci t Ol ré3fishose ANHEESREMPA HRAYIWE oFaf tnRfidxsour ce el ectrodes of
transi stor 135. The gate el ectrode of transistor 135 is connected to
const@nt current line 141 through switch SW, switch SW2 is connected
bet ween the gate and drain el ectrodes of transistor 135, and the drain

el ectrode is conm@ededin® life aeiveée cet@sit e ahd28ighansliabolrivdlr t hr ough
switch SWB. Constant current source 134 includes n-channel transistor 137,

the soureer@ligcl12darof formhed i® ddter ceNBEERShEialaréiciLyreppRéENti al .
Capacitor 138 is connected between the gate and source el ectrodes of

transi st @irrddgemdet dgHodl A0 Sle the t sabStite. $3Mcé SséanAeREelide
constant current line 142 through switch SW, switch SW, is connected

bet ween idhgveRtirciit 19 19ird 1 dRlsef sheftese Sifsté f ahsd buFferl dicuabél 113l0g ssour ce
el ectrode is connected to the drain electrode of transistor 132 through

swit et SWorizdmefl OLFE pUl8eVay itPHAsTMRY @b ArdeRt Htage b tHWlstient 10
the present invention, source and drain el ectrodes of the transistors may

be cal | egdekigtelr ahdveey anth W agpﬁlser pspapblial Yo thh bRifgateggietect r odes
may al so be called control electrodes. Figs. 5A through 5E show operation

timng clfasinsafodfedeirctit Gidd eachlsth ghoMihenshifd.registé@outphtand 5B
show i nput (1) and output waveforns of buffer circuit 130. Figs. 5C, 5D,
and 5E shewnsliagesigrialswbt & hesrreh otdd ngVdca S¥W&n gNH nSV\bhra g hSHa fiswl SV,
respectively. Fig. 5F shows a signal waveform supplied frombuffer circuit
130 to eagfcsitaldd Ronnorte ISty tHE&twaeeMHiwa opitdle PR @garhiPw (R 19, on the
side of the scanning line driver circuit is substantially the sane as those

at a1 dd).¢ a@fd PRe(rSGa)Riredsdd wendiadlybcahfe@ntt &é¢6ry Folw 86 thhe &ganni ng
line. In order for constant current sources 133 and 134 to 25 operate

stably, papudcadd Ldldigg states\ufl piagds Ro(age) pPixi @ Diyr.i. L isgd B i(ad or
reset period) during which capacitors 136 and 138 of 12. const ant
current solaresset3Bigmhlldeaddvebarigeditvl 1 qutgdetsewritiery widhalpeso
respectively. During that period Tl switches SW, SW2, SW, and SW are
first tursigdabdindés Deatanil; Ot SYB..anDatim aieposeddath obfumansd sw t ches SW
through 5 SW are then turned off. Subsequently, switches SWB and SW are
turned on to becone a waiting state. Here, when input (1) falls down,
transistor 131 is turned on and transistor 132 is turned off. Since then
conskant current €oatrelest 4113 dsr nentalipufexmed3 dd ows driver circuit

substrate provided separately from the element array substrate
and outputs data signals, various timing signals (for signal read-in

and read-out timings, etc.) and clock signals.

25 Fig. 2 shows a connecting state of scanning line Ysc.

When a scanning signal supplied to scanning line Ysc changes from

7



t hrough transistor 131 so that the output rises up linearly froma 10 | ow
l,evel ;to a high level, i.e., that with a constant rising slope waveformis
obtai ned. According to buffer circuit 130 shown in Fig. 4, since current
fromthe constant current sources 133 and 134 flows with 15 sufficient
accuracy, operation dispersion due to transistor characteristics in the row
direction is greatly mtigated. In other words, outputs of buffer circuits

130 are golowuhsielnté ah | Nigh 989bsedwifehing aaisistd e (hbkSHEWK of
bri ghtness due to the gate (scanning) lines is visually reduced. 20 As set

forth abgypenGriRelatireCt¥diiferté a3 ohfth MEnddH1Rs8at0aCS (M e@-6ONSt ant
current sources 143 and 144, respectively. Constant current |lines 141 and

142 eachgpsfe, CRTTRALYa HE6Edsd GhRUEAE XIS Ui al30 HarfuTblfSP RO G
scanning lines. Thus, constant 25 current sources 143 and 144 are comonly

used to Yagglrdieiviig Shatditbs HALaCROIE et 41@. 1 he scanning |ines, and

t hus, reset 13 conditions on buffer circuits 130 are not dispersed.

Fi g. 65 shows the third enbodi nent of buffer circuit 130 of the present
invention. Since the sanme conponents as shown in Fig. 5 4 are indicated by

the same referenq@edwhBi@!1$net #fivere el 1 PNS s ap foPildd Sflith! Bulfhér
circuits showmn in Fig. 6, the source el ectrode of n-channel transistor 132

connect edifcithes@nal ﬁs%@ﬁﬁﬁ@@?a@& &f&h@l{‘%hf&ﬁ@éhﬁh‘i’ﬁg@%daﬂs%eﬁ epl
to the source el ectrode of 'n-channel transistor 152 connécted to the drain

el ect rodgupiplic Bo €B2PESH 0 hd S sehAMiAgLindBEPIREL G8r£hBE M HIrOfidit Channel
transistor 151 is connected to voltage supply line 201 while the drain

el ectrodq10f i@-?h@ﬁﬂf&d Nt dil3glay &AANRG &R Aehel BIRRGE of
potential. Inputs (2) and (3) are supplied to the gate el ectrodes of

transgy st @eanhihgdife Koo id BRBGfikeY Alr¥ankente 46 regfoh 15 QURy f To IRV 2.
operation timng charts of buffer circuit 130. FIgs. 7A and 7B show i nput

(1) and rauiidigt1ige ¥S@RAI piskellidi®ahpemsRERREIONCIDO chhIPe déscAibd/ D show
inputs (2) and (3), respectively. Figs. 7E through 7G show states of

swi t ches a30 s8¥ed héoBbctiWbs BE tPHeTdohStath W dirb Sl ehhelofPaFhich f or
capacitors 136 and 138 of constant current sources 133 and 134 to store

predet er gbABEkteObf adhssibforBhd 8 UL AdltoL UBUENr e ieS1 dB30aRes O 34
stably operate. During period T1l, switches SW, SW2, SW and SWh are first

turned om \Wairies VWHrdRso®PVEirRudt P tHia FlnetrDidistdrs (FMUsRIFish t ches
SWL through SW6 are then turned off. Subsequently, switches SWB and SW5 are

turnesl odiffdrehlbi typeéMBERdUBPHitiel) stidh! asdpWehahhalSTFIONB1L1&hand 132
are turned on and off, respectively. At the sanme time input (3) also falls

down, 5 t-ghanaledTEF2182. turned off and a constant current from constant
current source 133 starts flowi ng through transistor 131 so that output (1)
rises up froma lowlevel to a high level to forma fixed slope. Qutput (1)
is eventually maintained at constant voltage Vdd supplied fromvoltage

supply line 201. WhénisSreedanghldmgubputidigh@l of buffer circuit 130 is
applied to input terminal 140 and if a rise time of the output signal

20 is shorter than a time constant of RC circuit of wiring (scanning
line) Ysc, waveforms at the output of the scanning line driver

circﬁit, a middle of the wiring Ysc, and the end terminal of the

wiring Ysc become those shown in Figs. 3A, 3B and 3C, respectively.

The waveform at a location near the output of the scanning line

25 driver circuit is rectangular but that in the middle of the wiring is

distorted in its rise and fall edges. Since the end terminal of the

8



10 (fixed slope) period, connecting sw tches (p-channel transistor 151 and
n-chanpnel transistor 152) nmake di sconnect voltage supply source, and

p- channel transistor 151 and n-channel transistor 152 connect voltage
supply source after the fixed slope period. As a result, p-channel

transi stor 151 and n-channel transistor 152 15 prevent the outputs from
floating. Buffer circuit 130 is not limted to the enbodinents with a
conbi nat wdRiwé Vse€hantiee faidhesth@oneltHd yeansdiongs 1ile cdrikermircliixed rise
or fall slope output as set forth above. However, a circuit 20 arrangenent

of p-chabbeh ris&asid A ofCEHe haviefotht h€thleye g rintiddlea fngde folaked: he
circuit arrangenent turns off the switching transistors of the driver

circuitsthe mbet.fTkaks whed ewieehing @ranbistoriinsh @eahnihgt HaesGaw) ng
signal. 25 The descriptions above are primarily directed to a scanning |ine

driver cdifdbtionOdf tHaixels | are dviden BiftherthoseCwdvdforms het thieppl i es
the scanning line with an output (scanning signal) of the scanning |line
drives cougput, ¥ie afddd-¢hiahighx (b&p?whémt@to%@ﬁr aldlsagbeVeuel, dts
actually provided with a plurality of scanning |ines and buffer circuits
that eaclocdtiphy dfwiiFing Yee! AsPancisifts tRBAURGs| uNee N BHghtaeRsig si gnal s
fromthe scanning signal driver circuit. Fig. 8 shows a representative
circuit ¢hagcamringolinel gifdetion.l) and Px (2,1) of pixel arrangement region
110 and scanning line 10 driver circuits 111 shown in Fig. 1. Each pixel is
provided with light-emtting display el enent OLED1, driver transistor 202,
capacitor 204, switching transistors 205 and 206, pixel sw tching
transistor 207 arTh svldeibhag froblept,) chdansl 36agtBO9Dr dRhhaee withiHsy |ine
201 supplies constant voltage Vdd to the source 15 el ectrode of driver
transo st of TTs ib baffey eilretety oOthl présertt ih9bhtivA arengdlistdd fauch as
an organic EL display elenent, to emt light in response to supplied
current . weapsfoiriny of Fbarmitgeigi &l hetveebet b wifidnetlgndigairee &l iect r odes
of driver transistor 202 and stores a potential difference between them 20
cor r espopdichgsdammnifige litjut signal. A series circuit of switching
transi stors 205 and 206 is connected between the gate and drai n el ectrodes
of driver transistor 202. Driver transistor 202 supplies a driving current
to display element OLEDLl in response to an input signal supplied to a video
input terminal . Ay 3D t3Miangd 25 teloowi sieh djhstedcaarnedoethsbefween t he
drain electrode of driver transistor 202 and signal line Data 1 to supply
vi ded5 si goahninPisipgalal b a loddtienDed &r the Scdmnnievg inesd givalr direaitgrd ver
circuit 112 shown in Fig. 1. Switching transistor 203 is connected between
driver tmaikllet poirt0afahed ieimgnadal ehedesf! tarmirakof wWitingl YsEheAgcat hode
of display elenent OLED 1 is connected to a reference voltage ( or 5
ground) Isera.frGat ¢hel dxdwimigs, tHe swaveforngs ttalsisst hreat2@ns a?@Sget2f® and
203 are connected to scanning lines Yscl, Yac2, Ysc3 and Ysc4 respectively.
Scanni ng blei sebstéentiallysthe stame. hlatrisdbath sispptinee aibd Valh tomer Bspondi ng
scanning signals frombuffer circuits 130-1 through 130-4 in scanning |ine
driver ciarcoutpiitiwakeformnofrilje stammisypesignal yromsbdéfear cheeohivi 130
reference to Figs. 2 through 7, in particular, according to the present
i nveddi omret designeintodesiogrgdr thanddentinge ldomstint2of wiringpMsced e om
buffer circuit 130-2. 15 O her pixels are the sane in structure as pixel Px
(1,1). Sirgsaltimaesrdacdrilyhanenas, tine dakeactbsd tthe twevefaonr e€ptineli ng
pi xels in colum directions. Also, voltage supply lines 201 and scanni ng
| i nes Ysestanmiogghigfsall teaghifarfrommnitectdadimumhdevel@ocitisr esaoimdiumy pi xel s
inrowdirections. Figs. 9A through 9D show operation timng charts of
pi xel Pxlétel) Likewésgpotbe fadl ¢imeealssiogdaharilyt meansndgime takengsy 9A
t hrough 9D, scanning signals on scanning lines Yscl, Ysc2 and Ysc3 25 are
| ow i n | dhel weankforanmfnghei gemhsing sigaali bg shifé ffomd its magkimunevel .
Thus, switching transistors 207, 205 and 206 are turned on

25 level to its minimum level. Such design results in substantially the

same waveforms despite the locations of the wiring. Since the rise

9



17 and output transistor 203 is turned off at timng t1l. Driver
gransLstor 202 becones a di ode state because switching transistors '205 and
206 are turned on. During a period fromtl to t2, the gate el ectrode of
driver transistor 202 varies in potential in accordance 5 with a video
signal and capacitor 204 stores a voltage between the source and gate

el ectrodes of driver transistor 202 corresponding to the video signal. That
i's, capagirherof@412Gu2Mand €6 3¢ g ?a&tidhlh@smﬁsenmodhﬁem,de@ miageal
despite characteristics of driver transistor 202. The charges provide pixel
Px(1,1) whbbt®htidlyesguell, 19.& hetyldeaashasal thburamplastet opeithed from
t3 to t4 capacitor 204 stably hol ds the accunul ated of witten charges.

After tipddWthtough ¢ gﬁ%h_(;mf&éliﬁ@%ilﬁé%]s Z08ubathHENAYy ehl s08le

swi tching transistor 203 15 is turned on. ring that period driver

transi st q¢ +8@2% Bitds CRafddted b%oé‘ca{ﬂﬂPﬂD%Q{héy g §ﬁ&tﬁ&1§ig]é ﬁ'i‘é&éf’s%ﬁe to
supply current to display elenent OLEDL, which emts |ight. rrent

quantg t yt4Rek $1hBESH nteDeNdh a@ ud e £ A gRENEES (G Al BisFRADI f0r 204

whi ch set bias voltages between the source and gate el ectrodes of driver

transi st aot 26h @6dd BhPitheC s 6dH thrdulgd (8 FERinBRStHRAIPR L o1{ £ 41 FheWi th
respect to smﬁtphinghtransistors Zggpand 206 and a net hod ffﬁgcontrolling
them AspsdeMAuind afl dmifiEn af p¥€e ndilsNgré udRd B8k 2Refd Ml tifnt
switching transistor 205 is gradually turned off ,and after timng t3 up to

the end gheifmeewiivedbrink\Vof RRei fhBNAERiPAal&it the TotAPind OF t#R6 IS
turned off. Since switching transistor 205 1's provided closest to the gate

el ectrodgchn@h\Mehe ! I A0Sk SihnPportd Ptlat Swhe €He (v iteRih kA anadgedxt her

switching transistor in the series circuit of switching transistors 205 , a

feedid hr ayathd Pixel BHIER- YR UER) t i d RO FYREE itbyitgafhfﬁ?e&mts%até,al ly

reduced. This results in mtigation o an undesirable voltage fluctuation of

driver tepassfdny t282 frobnl NAtiall Beftd RO 6 IR d-bPfl&stalte STbE GiHNY
transi stor 10 205 closest to driver transistor 202 is controlled in
responsesivitéhBt@nnrafsiitonal apdgHet elixted beer UbhiffeMm \varAliRNBO NiA
scanning line, a feed-through (or punch-through) voltage quantity can be
subst ant sabkyantidldy ®qunlatcpthet foLghenswitdhialg tiddSisibeiasiay perél be
obtained with display dispersion suppressed. 15 In addition, when sw tching
transi st at ibendl tec@ifabldfethd Recahdingt lidef €BHat Hsp4ghAnednPurGhrd hr ough)
vol tage quantity is further reduced. Further, when the channel of swi tching
trangs st @5r 28% switcHinigdtF Salsis@obants PRt Fixdlmed£d Wifet BSHit 1380td engt h
than that of switching transistor 206, it also reduces a potenti al

fl uct uat taReafrobhdtgau@neldeshr fdceofo did tarnbdavff Stdfe APFeSBohlRattdiNeven
bri ghtness' (uneven display) as a display apparatus can be renmarkably
reduced. tBRb doarddingesipartInfrions tdeffer icharhiabs® is sedrthngidllpesydar t@i xel

swi tching transi stor 207 and switching transistor 206 are 19 control |l ed
by the sthanifog thegswlisclaimppttetsistoi bt thé pékehhtdbanendgtdrmiasal dhe
scanning lines can be used commonly for the switching transistors 206 and
207. 5 Thhepscmeming ditento dakies fivrh itsntieted ®m state totitartangadreff of

pi xel s driven by current signals but it is also applied to other circuit
arr aggenmsbate oin preponsks | venthy wohhagagsisjpahd. HArther, i® iis alsércuit

di agram of such a circuit arrangenent of the pixels driven by voltage

si gnal s. dEsérsile te nedlee tarnh eaf trdirsientt r tige Foorthdl@wi tchiagnenicadt t o

vol tage supply line 201. Capacitor 214 is connected between the source and
gat e el eofraopixselofiedr budfet chresiis G0 €d 2aka fre e¢Reciuraisd-off statd €hi ng
transistors 15 215 and 216 are connected between the gate and drain

el ectr odehedfurned-on state in response to the scanning signal substantially

the same as that for the switching circuit of the pixel at the end
25 terminal of the scanning line to take from the turned-off state to

the turned-on state in response to the scanning signal.

10



driver transistor 212. The gate el ectrode of driver transistor 212 is
connected to the source el ectrode of pixel switching transistor 217 through
capacitor 218. The drain electrode of switching transistor 217 is connected
to signal line Datal. The drain electrode of driver 20 transistor 212 is
connected to the anode el ectrode of display elenment OLEDL through sw tching
(output) transistor 213. The cat hode of display elenment OLEDL is connected
to a reference (or ground) potential line. 25 The gate el ectrodes of pixel
switching transistor 217, first and second switching transistors 215 and

216 and out put ' t TSt beer citbRifN1BEIBNESE 2mi e $GRANPhEGp Fddast YsCl ,
Ysc2, Ysc3 and Ysc4, respectively. Switching transistor 217 is a n-channel

TFT. Fi gemBddirhiBhOUGR - WHichh Q¥ cORYHIE] FralosThftdr CIBIt and & chignmekel s in
the organic EL display apparatus shown in Fig. 10. The organic EL displ ay

appar at Usr £ §M6td8d1 32 tdred cbin@ehod dirf 3¢ eds.t BREFMOIiAGeitdl Boeh & i t
makes a turned-on output transistor of a given pixel turned-off to enable

the pjxebubB StheY @ cuiRIES turBSGH HHY bRFchintl tFondisTHPs §HUINY piRspshol d
voltage Vth 10 cancel period, switching transistor 215 and 216 are turned

on in regReNsfse Of $RANYEaRhihlpddigia 10 F SC MW dlkd, tHSdYEH7 ePdckrigeSofhi | €
output transistor 213 is turned-off in response to a scanning signal on

scanni ngpkéNEnX8T4trdRsistof aNBAI 1R dizbbt BN GedidPe &Wed CHAT §edefdiidnceur I ent
does not flow through the source and drain 15 el ectrodes of driver

transi st got@atiall do tthiat SidiLanél BEEnbI odal 8230h Hbliki®std PFLSOT
driver transistor 212 are connected through switching transistors 215 and
216, a gduffaotiedial13y. driver transistor 212 becones threshold Vth.
During this period, a scanning signal on scanning |ine Yscl makes pi xel
switehing 20 transistor 217 turned on and signal line driver circuit 112
supplies signal line Datal with reset signal Wst. During a witing period

after the operatipps deschi Higdudb@iagravh totRE ddcand enPh&dAhendngf 216 are
turned off in 25 response to scanning signals supplied to scanning |lines

Ysc2 andbYiFfer afr¢uit 30 . STHOAir¥8it0fdBm s ARk E Gk dcifeNvea 88 rrh s B ¢Hd ver 21
circuit 112 to signal line Data 1. As a result, the gate el ectrode of
driver tgaafnshgr s’d@alhemgesanningt titld W seli ffles eseerdetarebro@seds si gnal
Vrst and video signal Vsig with respect to threshold voltage Vth. During a
next |ightckahhel tgapeisngd, 1p1X@ céihbetedFoScdiSyaaitstirddl lise tliyned of f
and output transistor 213 are turned on. As a result, driving current in
accoislan¢hrviph coaistpeitetirdendi fdotirescel 38. thRegdraifl edbeprrlOf ofiri ver
transistor 212 is supplied fromvoltage supply line 201 to organic EL

di spl ay el-ehiefAheGHrBnbisturolgh il cyfhettédToSéMisthindt anudront Nihe tYANSI St Or
213. 10 The feed-through (punch-through~ vol tage reduces in potenti al

fl uct uat thnsugh thesigaitccakreht @daaret B3 Codigantader st sdhzcaEdS3
transistor 215 is turned off. As seen fromFigs. 10 and 11, however, since
the seri és priovided with pachhaneltrahziatsk 286 aAadlthegonect afdebeivden t he
gate and drain electrodes of driver transistor 212 and since transistor 215
whi ch i s oflppghaninelt traghs ol 86t isodenhecead tberoltagsathmily liken20nansi st or
216, such potential fluctuations quantity can be significantly reduced.
Furt ber, Gdpaciser I3thiniconricgad! Iseindeeni tthehigage tamd Sosireeseldthrodepl i ed to
20 scanning line Ysc2 are adjusted to be substantially the sane in shape
despite loddatinsistoaf 1865e THoagaitogelecbeodé lof tramsistdredBbais poaneotsd y
described in the enbodi nrents can be obtai ned. The present invention is
carried dotcdystzith carrenttlidb 4 {nthraungh vewitde SWInaswitdh SWietikods.

Ei t her anorphous or poly crystalline silicon sem conductor devices can be
used for cohme22ed between the gate and drain electrodes of transistor 135,

and the drain electrode is connected to the source electrode of
25 transistor 131 through switch SW3. Constant current source 134

includes n-channel transistor 137, the source electrode of which is

11



circuit conponents. The circuit arrangenent in Fig. 10 includes the buffer
circuit already described and has substantially the same scanning 5
waveforms on the driver circuit side, mddle side of the wiring (scanning
line) and end termnal side of the wiring (scanning line). Qperations
incorporated with switching transistors 215 and 216 assure stabl e scanning
met hods to substantially reduce uneven display. 10 The present invention is

not |in geRnbetédeteerbosk faRahee dpocehbrd. abayachidr 11388 Rondedthd

structures shown in Figs. 12 and 13. In conparison with those shown in

Figs. 8 BBfws@nsthd Gaitedahd advureleOs e ctPOd 8 fAYa st cxC 28BN Mhé it eYSC3 are
15 omtted fromthe structures shown in Figs. 12 and 13 but the other

conponengkectirede f t3aBibto 518 PGk Woh Bscteldotcd Rs fd 95 cuBrénel 1ike 11le
circuit arrangenent shown in Figs. 12 and 13 includes substantially the

same buf {Rfo€gh@witehsSOW 4w EiedNSWS i¥@e@nUchBd He tveedWitRg ¢afteayec2 are
substantially the sane on the driver 20 circuit side, mddle side of the

Wring (deaiwi sledtro@ss abfl tHaGhsistdd NEd7 Siadfd ofhd Neowdd NebbFAIEIi g | i ne) .
The enbodi nents set forth above are provided with the scanning line driver

circuit esnfBeté®tdl thé drfia blicteeds &P tF4ABNYLOY 132ecHMudIe Fwiehded with
scanning line driver circuits at both end termnals. In that case, however,

the "drigawegcircuit 23 side" nmeans the side close to outputs of the
scanning line driver circuits, the "end term nal side of the scanning |line"
means an equal distance position side fromthe scanning line driver
circuits, i.e., between and equidistant fromtwo scanning line driver 5
circuits, and theSinBedthéresshde vfribhas Wbﬂgréhgﬁ'tpm&@smﬁmaﬂfﬂxﬁc
position side between the scanning line driver circuit and the equal

di stpncethosipre¥entACHOVEI IO, O ddifrder eandl HPNED! icdBetrades abki afhey

uni form 10 waveforns are supplied to any locations of a scanning |line so

that goodrahisiptays quayiby cadle D it @hdatbcotld BludRoles, rBY¥pBLLIGRIFAS been
described in its preferred formwith a certain degree of particularity, it

i s 15 unediidé qaret diRlctibde pmesgnilsdilss catledecohtidleeloceiedé£d form has been
changed in the details of construction and the conbi nation and arrangenent

of conponents nay be resorted to without departing fromthe spirit and the
scope of the invention as hereinafter clainmed. Some conponents of the

enbodi ments nmay Heigd0 BAI threugh GE Vahbeupsrmtesentimingnclatier ent
enbodi nents may al so be conbi ned. 24 What is clainmed is: 1. An active

mat ris t ppdfel siioat ARG hiowsn i00FRE] 4l Eigsdiswlad IBwhivw iapaita(ed in
response to a driving
and output waveforms of buffer circuit 130. Figs. 5C, 5D, and 5E
show states of switches SW1 and SW4, SW2 and SW5, and SW3 and
SW6, respectively. Fig. 5F shows a signal waveform supplied from
buffer circuit 130 to each scanning line Ysc. The waveform of the
20 scanning line on the side of the scanning line driver circuit is

substantially the same as those at a middle of the scanning line and

at the end terminal of the scanning line.

In order for constant current sources 133 and 134 to
25 operate stably, period T1 is set as a voltage storage period (writing

period or reset period) during which capacitors 136 and 138 of

12.



5 current driver transistors for supplying the driving current to said

di splay el enents in accordance with input signals capacitors each connected
to gate electrodes of said driver transistors for storing potenti al

di fferences between source and 10 gate el ectrodes of said driver

transi stors switches connected between the gate and drain el ectrodes of
said driver transistors scanning lines connected to said switches a

scanni ngcbhBfaklf | \@irréntCUbbusesh 19 3BT fid Ci 13411 tHre OIRAIRE Petipen said
scanning line driver circuit and said scanning lines to supply the scanning

signal s peedatermMthéghemlt Lirespricti vyt er Thfy t hat epeefdd gyred to
make transient tinme of waveforns at output termnals of -said buffer 20

circui t sgiipdhONeSW Rl SWR2 t Bavaicagning WhJades flatanaried shatwhile
substantially the sane as that at end term nals of said scanning |ines when

sai d swi 5GiechediTWS Hhd"BWE 418 B8¥ned stfatdnd Qwitehby SR ehiosledt € 25
2. An active matrix type display apparatus, conprising: a pixel arrangenent

regi of i B AYtREAHrHEd bPES dhse fRently; switcHBE/SWEHLEIEId1E Sai d
scanning lines at substantially right angl’es pixels disposed at vicinities

of crosskigneai hst@fbevdinlle S&£RRAIAG isB8Be 2AMbRA G hdNApdti (€ falk
scanning line driving circuit provided to supply scanning signals to said
scanni ngdowigStransistor 131 is turned on and transistor 132 is turned off.
Since then constant current from constant current source 133 flows
through transistor 131 so that the output rises up linearly from a

10 low level to a high level, i.e., that with a constant rising slope

waveform is obtained.

According to buffer circuit 130 shown in Fig. 4, since
current from the constant current sources 133 and 134 flows with
15 sufficient accuracy, operation dispersion due to transistor
characteristics in the row direction is greatly mitigated. In other
words, outputs of buffer circuits 130 are not substantially
dispersed. As a result, line-like uneven brightness due to the gate
(scanning) lines is visually reduced.
20
As set forth above, constant current lines 141 and 142 are
connected to constant current sources 143 and 144, respectively.
Constant current lines 141 and 142 each are commonly used for
buffer circuits 130 of éorresponding scanning lines. Thus, constant
25 current sources 143 and 144 are commonly used to reset buffer

circuits 130 connected to the scanning lines, and thus, reset

13



a signal line driver circuit provided to supply signals to said signa
|.ines,and buffer circuits provided between said scanning |lines and 10 said
scanning line driver circuit, wherein said buffer circuits each are
configured to nake rise or fall tine of said scanning signals at out put
sides of said buffer circuits substantially the sane as or |onger than that
of said scanning signals at end termnals of said scanning |ines when the

15 scannihadstienal on YuTeér efrddtsaAIFD aeadNdidpdi@edare rectangular in
waveform 3. An active matrix type display apparatus according-to claim 2,

wherein said buffer circuits include a constant current 20 source for
suppl ying outputs of said scanning signals with |inear slope waveforns. 4.

An active matriXx tBRE6dERYaXhanidrdtdiabadsdH thef baffddéiPedit M3er&f n said
buffer circuits include a constant current 25 source for supplying outputs

of said shargvdaentl ignNAitivh! Bihtaahe S4RRECHRRIIIUNEE 284w RUNPFigof said
buffer circuits are connected 26 to a constant voltage circuit to

stabijdiza ord PhlicitledalpIhef s $miedr SfedBRicEth 8BS, tReirBxpLAhMEIdHRI i X
type di splay apparatus, conprising: 5 a pixel arrangenent region including

scanni ng gk iR GRA. TR cit At s WHHWhiih FagdesGRaNsHeréd BEScttbde of
substantially right angles pixels disposed at vicinities of crossing points

o oo, somhnall sgasaigsaoh auml-linep 1hg, ey st ror v
thereof p-channel transistor 131 is connected to the source electrode of
n-channel transistor 152 connected to the drain electrode of
10 p-channel transistor 151. The source electrode of p-channel
transistor 151 is connected to voltage' supply line 201 while the
drain electrode of n-channel transistor 152 is connected to a
reference potential. Inputs (2) and (3) are supplied to the gate
electrodes of transistors 151 and 152, respectively.
15
Figs. 7TA through 7G show operation timing charts of
buffer circuit 130. Figs. 7A and 7B show input (1) and an output on
scanning line Ysc, respectively. Figs. 7C and 7D show inputs (2)
and (3), respectively. Figs. 7E through 7G show states of switches
20 SWI1 through SW6.

Period T1 is a writing or reset period for capacitors 136
and 138 of constant current sources 133 and 134 to store
predetermined voltages to make constant current sources 133 and

25 134 stably operate. During period T1, switches SW1, SW2, SW4 and
SW5 are first turned on while svﬁtches SW3 and SW6 are turned off

14



capacitors connected to gate el ectrodes of said driver transistors 15 first
and second switching transistors connected in series between said gate

el ectrodes and drain el ectrodes of said driver transistors pixel swtches
for supplying signals fromsaid signal lines to said gate el ectrodes of
said driver transistors 20 third switching transistors connected to said
drain electrodes of said driver transistors light-emtting di odes connected

bet ween gadd alli r gwswdhedi SOVLr aglerSUgh S SWB a airef etkdse Rty | diff.a
scanning line driving circuit provided to supply 25 scanning signals to

sai d_scagiibRgquettdy,2swittlids ISWE ShdvSWeEidretirRbavbAe At PhidpPhY Signal s
to 27 said signal lines and buffer circuits provi ded between said

scanni ngwhdiesinpd €D fhlis bW traBiskdréel13ai 460 132 WhetRirhedabd buffer
circuits each are configured to nmake 5 rise or fall time of said scanning

signal s ahdouffhutespicdgsvelly. Yot dhlubhaie GimeUihfusU(®t aldd ghils Bbwsane as
or longer than that of said scanning signals at end termnals of said

scanrg ngtrdMeistvPeIc2 e timavd RIf Wthal soaEPRht irre ntafrd s Catitagt | nes
are rectangular in waveform 10 6. An active matrix type display apparatus,

conpri si B@rrénPiseeircar 13906t flow it thebughngrs63iytorglBilngs thdt si gnal
| ines crossing said scanning lines at substantially right angles 15 pixels

di sposedoatpiut Ai1idites vy fes@Sal Iv devBl 004 Iighl16¢eNbé Torid Aefixedd said
signal lines a power source line driver transistors connected to said power
source | glypd.h0agphit(A)rigee v erid0fanaihbatfd at constant voltage Vdd
supplied from voltage supply line 201. In this way, during a writing
10 (fixed slope) period,_ connecting switches (p-channel transistor 151
and n-channel transistor 152) make disconnect voltage supply
source, and p-channel transistor 151 and n-channel transistor 152
connect voltage supply source after the fixed slope period. As a

result, p-channel transistor 151 and n-channel transistor 152

15 prevent the outputs from floating.

Buffer circuit 130 is not limited to the embodiments with

a combination of p-channel and n-channel transistors which form a
fixed rise or fall slope outpuf as set forth above. However, a circuit

20 arrangement of p-channel transistors can be sufficiently used in
the case that the circuit arrangement turns off the switching
transistors of the driver circuits in the pixels in response to a

rise-up signal of the scanning signal.

25 The descriptions above are primarily directed to a

scanning line driver circuit, one scanning line and a buffer circuit
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20 capacitors connected between said source el ectrodes and gate el ectrodes
of said driver transistors first and second sw tching transistors connected
in aeries between said gate el ectrodes and drain el ectrodes of said driver
transistors 25 pixel switches for supplying signals fromsaid signal |ines
to said gate el ectrodes of said driver transistors 28 third sw tching
transi stors connected to said drain electrodes of said driver transistors

first t ' | i 1 i ignals to
i toh capaeBubBlied tREIIANIHIn TIEe RION P Sultd b WM RGBS (00

swi t chesphd GdiaEiidd iRHeduetes: CQRpehL eA Pl Nees 88iGik hiysk SidAhliyng

transistors and a reference potential a scanning line dri'ving circuit

provi ded ' | g el Ny l 4N asSigmal |ine
R R R e U SRR S S e

Ci r cui t sg oI fied 1DgENe o & aih FEANT;POultsneshand Al SGRpIFNOchéne driver

circuit, wherein said buffer circuits each are configured to nake 15 rise

or fal thiRspbntBhd SEAMNiNE SiigRd! Swith O Pihisg I8seRhlsS b RUTther

r iy Rh éH
circuits substantially the same as or |onger than tha% o% sai d scanni ng

signal s géaeRthgd 8ighARldsivey edchigcanni ng lines when the scanning signals
supplied to said scanning lines are rectangular in waveform 20 29

ACAAAAL A% A A
A DA L AU% AL A Au. A A3 A AF. A% A% Au. AF. A% A9. A. Au% A3. AF% A) Ng! . gli 2s9; MOQ

F Fig. 8 shows a representative circuit diagram of pixels Px
|wwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c:a]ca]ca]cafca]ca]ca]ca]ca]ca]ca]c

a] ca] ca] crhyalfdPsa{xa) Qﬁ]}ﬁ%]ai?%]r‘i‘gﬁ'ggmelnt region 110 and scanning line

10 driver circuits 111 shown in Fig. 1. Each pixel is provided with

light-emitting display element OLEDI1, driver transistor 202,

capacitor 204, switching transistors 205 and 206, pixel switching

transistor 207 and switching (output) transistor 203. Voltage

supply line 201 supplies constant voltage Vdd to the source

15 electrode of driver transistor 202. Display element OLED1 is a

light-emitting diode, such as an 01;ganic EL display element, to

emit light in response to supplied current. Capacitor 204 is

connected between the source and gate electrodes of driver

transistor 202 and stores a potential difference between them

20 corresponding to the input signal. A series circuit of switching

transistors 205 and 206 is connected between the gate and drain

electrodes of driver transistor 202. Driver transistor 202 supplies a

driving current to display element OLED1 in response to an input

signal supplied to a video input terminal. Pixel switching’

25 transistor 207 is connected between the drain electrode of driver

transistor 202 and signal line Data 1 to supply video signals. Signal
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particular, according to the present invention, the scanning signal
of scanning line Ysc2 is outputted from buffer circuit 130-2.
15
Other pixels are the same in structure as pixel Px (1,1).
Signal lines each, however, are connected to their corresponding
pixels in column directions. Also, voltage supply lines 201 and

scanning lines Yscl through Ysc4 each are connected to their

20 corresponding pixels in row directions.

Figs. 9A through 9D show operation timing charts of pixel

Px (1,1) in response to current signals. At timing t1 of Figs. 9A
through 9D, scanning signals on scanning lines Yécl, Ysc2 and Ysc3

25 are low in level and scanning signals on scanning line Ysc4 is high

in level. Thus, switching transistors 207, 205 and 206 are turned on
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10B 10B" gald9K$utput transistor 203 is turned of % . Driver

10! ~6#10% BxB& (p) 4109B& ()-!, #10% B} B& () - ( 10%3&' () - ' a 10% B[ B& () -

! S#low%éi)sto#/Mb%Qb?ﬂeé ioa/i‘dﬁe( btate because switching transistors

‘206 and 206 are turned on. During a period from t1 to t2, the gate

electrode of driver transistor 202 varies in potential in accordance
5 with a video signal and capacitor 204 stores a voltage between the
source and gate electrodes of driver transistor 202 corresponding to
the video signal. That is, capacitor 204 accumulates charges in
response to the video signal despite characteristics of driver

transistor 202. The charges provide pixel Px(1,1) with brightness of

10 the video signal.

During a next period from t3 to t4 capacitor 204 stably
holds the accumulated or written charges. After timing t4 , pixel
switching transistor 207 is turned off and switching transistor 203

15 is turned on. During that period driver transistor 202 and capacitor
204 function as a stable current source to supply current to display
element OLED1, which emits light. Current quantity (brightness)
depends on the charges accumulated in capacitor 204 which set bias

voltages between the source and gate electrodes of driver transistor

20 202.

This circuit arrangement has technical features with
respect to switching transistors 205 and 206 and a method for
controlling them. As shown in Figs. 9B and 9C, during a period

25 from t2 to t3 switching transistor 205 is gradually turned off ,and

after timing t3 up to the end of one vertical (1V) period switching
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transistor 202.

bC

Further, since the gate electrode of switching transistor
10 205 closest to driver transistor 202 is controlled in response to a
scanning signal adjusted to be a uniform waveform in a scanning
line, a feed-through (or punch-through) voltage quantity can be
substantialiy uniform in a panel region so that uniform display
can be obtained with display dispersion suppressed.
15
In addition, when switching transistor 205 is made
smaller in area, the feed-through (or punch-through) voltage
quantity is further reduced. Further, when the channel of switching
transistor 205 is configured to be smaller in area or longer in
20 length than that of switching transistor 206, it also reduces a
potential fluctuation at the gate electrode of driver transistor 202
so that uneven brightness (uneven display) as a display apparatus

can be remarkably reduced.

25 ' In the embodiments described above, scanning lines for

pixel switching transistor 207 and switching transistor 206 are
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10! H19@#10% U&' ()PRS CGpre¥té (hviEsK (ib- not limited to a circuit

arrangement of pixels driven by current signals but it is also
applied to other circuit arrangements of pixels driven by voltage

signals.

10 Fig. 10 is a circuit diagram of such a circuit arrangement
of the pixels driven by voltage signals. The source electrode of
driver transistor 212. is connected to voltage supply line 201.
Capacitor 214 is connected between the source and gate electrodes
of driver transistor 212. A series circuit of switéhihg transistors

15 215 and 216 are connected between the gate and drain electrodes of
driver transistor 212. The gate electrode of driver transistor 212 is
connected to the source electrode of pixel switching transistor 217
through capacitor 218. The drain electrode of switching transistor
217 is connec.ted to signal line Datal. The drain electrode of driver

20 transistor 212 is connected to the anode electrode of display
element OLED1 through switching (output) transistor 213. The
cathode of display element OLED1 is connected to a reference (or

ground) potential line.

25 The gate electrodes of pixel switching transistor 217, first

and second switching transistors 215 and 216 and output transistor

20



10 10 10; 109 ()-!p. #1090D& ()- .899: H T;;~?~\= 10!!!$#10%
U& () -!a$#109%mUnU& () - #10% U& () -! X#10%UeU& ()- 10% U& ()-,s!10% U& () -
<&=) =*=+=, =-=6>{\: 10!!!| F-#109BB& ()-1098& ()-" 10 U 10 U 10 U 10%
U& ()-!f .#109%UsU& ()- !\ .#10% Ui U& ()- 6>>>?24AAM[ 9{\:

10! I y" #10%BsB& () -! k" #10%BeB& ()- 109B& ()-!\#10%/BVBE& () - 109B& ()-!
| F- #1098B& () - ABBBBBBBB~ @ 10! ! yLF ! 109B& () - 10%8& ()-M 10B 10B 10B;

109B& ()ziBGﬂQ%cﬁxﬁ@ct@& +8198@&nin g @iﬁ@s%ﬁ@%&@,ﬂfdcﬂ%@@@é&t
110988 () - LI 109B& ()- 11 &@10@B&" ()- 3 LI 1008& ()-

LOM 109Bfe dpedtivE Ffﬁ}ﬁ}c'}ﬁiig@r]é}{dl!%’r l2]1@/%:-’59‘&(11-‘channel TFT.
. 1098B& () -, 109B& ()-! k"#10%BeB& ()-! ! 109BB& ()-

Figs. 11A through 11D show operation timing charts of

5 the pixels in the organic EL display apparatus shown in Fig. 10.

The organic EL display apparatus provided with a threshold

cancel type voltage driven circuit makes a turned-on output

transistor of a given pixel turned-off to enable the pixel to display

images (reset period). During a subsequent threshold voltage Vth

10 cancel period, switching transistor 215 and 216 are turned on in

response to scanning signals on scanning lines Ysc2 and Ysc3

while outpuf transistor 213 is turned-off in response to a scanning

signal on scanning line Ysc4. Thus, capacitors 214 and 218 are

charged until current does not flow through the source and drain

15 electrodes of driver transistor 212. In this state, since the gate

and drain electrodes of driver transistor 212 are connected

through switching transistors 215 and 216, a gate potential of

driver transistor 212 becomes threshold Vth. During this period, a

scanning signal on scanning line Yscl makes pixel switching

20 transistor 217 turned on and signal line driver circuit 112 supplies

signal line Datal with reset signal Vrst.

During a writing period after the operations described
above, switching transistors 215 and 216 are turned off in
25 response to scanning signals supplied to scanning lines Ysc2 and

Ysc3 and video signal Vsig is supplied from signal line driver
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on. As a result, driving current in accordance with such potential
difference at the gate electrode of driver transistor 212 is supplied
from voltage supply line 201 to organic EL display element OELD1
through driver transistor 212 and output transistor 213.
10
The feed-through (punch-through) voltage reduces in
potential fluctuations at the gate ele_ctrode of switching transistor
212 when transistor 215 is turned off. As seen from Figs. 10 and
11, however, since the series circuit of transistors 215 and 216 is
15 connected between the gate and drain electrodes of driver
transistor 212 and since transistor 215 which is closer to the gate
electrode is earlier turned off than transistor 216, such potential
ﬂﬁctuations quantity can be significantly reduced. Further, at
least scanning signals of switching transistors 215 supblied to
20 scanning line Ysc2 are adjusted to be substantially the same in

shape despite locations of the scanning line, the same effect as

previously described in the embodiments can be obtained.

The present invention is carried out by both current
25 signal and voltage signal driven methods. Either amorphous or

poly crystalline silicon semiconductor devices can be used for the
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The circuit arrangement in Fig. 10 includes the buffer
circuit already described and has substantially the same scanning
5 waveforms on the driver circuit side, middle side of the wiring
(scanning line) and end terminal side of the wiring (scanning line).
Operations incorporated with switching transistors 215 and 216
assure stable scanning methods to substantially reduce uneven

display.

10

The present invention is not limited to the embodiments
described above but it may be of the structures shown in Figs. 12
and 13. In comparison with those shown in Figs. 8 and 10
switching transistors 206 ahd 216 and scanning line Ysc3 are
15 omitted from the structures shown in Figs. 12 and 13 but the other
components are the same in structure as shown in Figs. 8 and 10.
The circuit arrangement shown in Figs. 12 and 13 includes
substantially the same buffer circuits so that scanning waveforms
of scanning line Ysc2 are substantially the samé on the driver
20  circuit side, middle side of the wiring (scanning line) and end

terminal side of the wiring (scanning line).

The embodiments set forth above are provided with the
scanning line driver circuit on one terminal side but each
25 scanning line may be provided with scanning line driver circuits

at both end terminals. In that case, however, the “driver circuit
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i.e., between and equidistant from two scanning line driver
5 circuits, and the “middle side of the scanning line” means a middle

position side between the scanning line driver circuit and the

equal distance position.

According to the present invention, substantially uniform
10 waveforms are supplied to any locations of a scanning line so that

good display quality can be obtained.

Although the invention has been described in its

preferred form with a certain degree of particularity, it is

15 understood that the present disclosure of the preferred form has
been changed in the details of construction and the combination

and arrangement of components may be resorted to without
departing from the spirit and the scope of the invention as
hereinafter claimed. Some componénts of the embodiments may be

20 eliminated or various components from different embodiments may

also be combined.
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What is claimed is:

1. An active matrix type display apparatus, comprising:
display elements operated in response to a driving
5 current;
driver transistors for supplying the driving current to
said display elements in accordance with input signals;
capacitors each connected to gate electrodes of said driver
transistors for storing potential differences between source and
10 gate electrodes of said driver transistors;
switches connected'bétween the gate and drain electrodes
of said driver transistors; |
scanning lines connected to said switches;
a scaﬁning line driver circuit; and
15 buffer circuits connected between said scanning line
driver circuit and said scanning lines to supply the scanning
signals to said switches,
wherein said buffer circuits are configured to .make
transient time of waveforms at output terminals of said buffer
20 circuits from one state of the scanning signals to another state
substantially the same as that at end terminals of said scanning

lines when said switches shifts from its turned-on state to its

turned-off state.

25 2. An active matrix type display apparatus, comprising:

a pixel arrangement region including scanning lines and
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signal lines érossing said scanning lines at substantially right
angles;
pixels disposed at vicinities of crossing points of said
scanning lines and said signal lines;
5 a scanning line driving circuit provided to supply
scanning signals to said scanning lines;
a éignal line driver circuit provided to supply signals to
said signal lines; and
buffer circuits provided between said scanning lines and
10 said scanning line driver circuit,
wherein said buffer circuits each are configured to make
rise or fall time of said scanning signals at output sides of said
buffer circuits substantially the same as or longer than that of said
scanning signals at end terminals of said scanning lines when the
15 scanning signals supplied to said scanning _lines are rectangular in

waveform.

3. An active matrix type display apparatus according to
claim 2, wherein said buffer circuits include a constant current

20 source for supplying outputs of said scanning signals with linear

slope waveforms.

4. An active matrix type display apparatus according to
claim 3, wherein said buffer circuits include a constant current
25 source for supplying outputs of said scanning signals with linear

slope waveforms and an output of said buffer circuits are connected
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5. An active matrix type display apparatus, comprising:

5 a pixel arrangement region including scanning lines and
signal lines crossing said scanning lines at substantially right
angles;

pixels disposed at vicinities of crossing points of said
scanning lines and said signal lines;

10 a power source line;

driver transistors connected to said power source line
through source electrodes thereof;

capacitors connected to gate electrodes of said driver
transistors;

15 first and second switching transistors connected in series
between said gate electrodes and drain electrodes of said driver
transistors;

pixel switches for supplying signals from said signal lines
to said gate electrodes of said driver transistors;

20 third switching transistors connected to said drain
electrodes of said driver transistors;

light-emitting diodes connected betw.een said third
switching transistors and a reference potential;
a scanning line driving circuit provided to supply

25 scanning signals to said scanning lines;

a signal line driver circuit provided to supply signals to
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said scanning line driver circuits,

wherein said buffer circuits each are configured to make

5 rise or fall time of said scanning signals at output sides of said

buffer circuits substantially the same as or longer than that of said

scanning signals at end terminals of said scanning lines when the

scanning signals supplied to said scanning lines are rectangular in

waveform.
10

6. An active matrix type display apparatus, comprising:

a pixel arrangement region including scanning lines and
signal lines crossing said scanning lines at substantially right
angles;

15 pixels disposed af vicinities of crossing points of said
scanning lines and said signal lines; |

a power source line;

drivér transistors connected to said power source line
through source electrodes thereof;

20 capacitors connected between said source electrodes and
gate electrodes of said driver transistors;

first and second switching transistors connected in series
between said gate electrodes and drain electrodes of said driver
transistors;

25 pixel switches for supplying signals from said signal lines

to said gate electrodes of said driver transistors;
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third switching transistors connected to said drain
electrodes of said driver transistors;
first through fourth scanning lines provided to supply
scanning signals to switch said first through third switching
5 transistors and said pixel switches;
light-emitting diodes connected between said third
switching transistors and a reference potential;
a scanning line driving circuit provided to supply
scanning signals to said scanning lines;
10 a signal line driver circuit provided to supply signals to
said signal lines; and
buffer circuits provided between said scanning lines and
said scanning line driver circuit,
wherein said buffer circuits each are configured to make
15 rise or fall time of said scanning signals at output sides of said
buffer circuits substantially the same as or longer than that of said
~ scanning signals at end terminals of said scanning lines when the

scanning signals supplied to said scanning lines are rectangular in

waveform.
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