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particularly to an active-type display device that *159159*
executes signal wite using a 10 current signal.

Background Art There has been arl increasing demand for

a flat- panel display device that is typified by a

liquid crystal display device, which has advant ageome"”"m"””’mmmm""
features 15 of small thhicknesR 1 it ed

power consunption, conpared to a CRT dlsplay In
particular, an active matrix display device, in which
each pixel is pcovvdedawRIR @1swrhvh pEvatcshaim
function of el eDLGICALIYOSANALAG CONFERIERPI Xel and an
of f-pi xel 20 and holding a video signal to the

on-pi xel, is capable of achieving a good display

qual ity mnthout crosstalk (ékﬁme%d a%gégent pi xel s.
Thus, the active matrix has recently

e o0 b e TS e
|'quﬂgs§i¥§tagvgbéplQXﬁ’mEQSrEakilcularly to an active-type

display device that executes signal write using a

*G00002+*

current signal.
Background Art

There has been an increasing demand for a flat-
panel display device that is typified by a liquid
crystal display device, which has advantageéus features
of small thickness, light weight and low power
consumption, compared to a CRT display. In particular,
an active matrix display device, in which each pixel is
provided with a switch that has a function of
electrically separating an on-pixel and an off-pixel
and holding a video signal to the on-pixel, is capable
of achieving a good display quality without crosstalk
between adjacent pixels. Thus, the active matrix
display device has recently been applied to various
displays including displays of mobile information
devices.

In the field of liquid crystal displays, there is
known a technique wherein a driver circuit that outputs

video signals to pixels is formed of semiconductor
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known a techni que wherein a driver circuit that

outputs video signals to pixels is fornmed of

sem conductor 2 devices using polysilicon and is

integrally built on the sanme substrate as pixels.

Thereby, the nunber of contacts between the panel and
external circuits can be reduced, and the nechanica
strength of the display 5 device can be increased. In

recent years, organic electrolum nescent (EL) display

devi ces have w dely been devel oped as self- [ um nous

di spiayscthatistan gohiyeid ikdioghend dspantiagdallynshialt on

wi der viewi ng angle than liquid crystal displays. 10

For thstaane, sabséchteqae @fixedsegr dlNerdor mige aaumber of
driver circuit on the sanme substrate as pixels in the

fi el dontaskgahbtwEENdLLSEl Rpsels adids exdsathdn Refguits can be
Hattori, et al. (three), "Circuit Sinulation of

Pol y5¢F1EBA, TRTABREEdMEGhREACAN istineg 9idt idfe-thg rdeakry
Organic,LED Di splay", 1El Techni cal Report, the

| nst PEUt 8 of 2RI BEt HBRFEESSAnf or mati on and

15 bp. 2 H4vepR e SR G S Tor s (2L
15, pp. 7114 °FR Th S,
PoveuBTE LB cr S By 2D BE e e D B SE a3 se2

non- unhf A6y aha FieBhitC a0 280 ' v
t hat gre fornedbg%&goFégFlﬁfgh. EXéﬁﬁggﬁﬁg&%%QQﬂﬁgﬁ%1Vlty

I nveahiion wiherpkesaihg BWGNE @mahas iRREY Mdesddl 2Pisplays.
consi deration of the above problem and the invention
For instance, a technique of integrally forming a
. driver circuit on the same substrate as pixels in the
field of organic EL displays is discussed in Reiji
Hattori, et al. (three), "Circuit Simulation of
Polysilicon TFT Based Current-Writing Active-Matrix .
Organic LED Display", IEICE Technical Report, the
Institute of Electronics, Information and Communication
Engineers (IEICE), 2001, Vol. 101, No. 15, pp. 7-14.

In the case of integrally forming a driver circuit
on the same substrate as pixels, however, a display
defect tends to occur due to non-uniform
characteristics of semiconductor devices that are
formed of polysilicon.

Disclosure of Invention

The present invention has been made in

consideration of the above problem, and the invention

provides an active matrix display device that has a

good display quality even in the case where a driver
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provi des an active matrix di splay device that has a
good display quality even in the case where a driver 3
circuit is integrally forned on a substrate on which
pi xel s are fornmed. An active matrix display device
according to an aspect of the invention conprises: 5

a plurality of video signal lines forned on a
substrate; a plurality of pixel8 which are connected
to the video signal lines and are operated by current

signals; and a video current supply section which
converntcust digi iategnathlgi foahedt bat ai subspplaited dir vhich
10 an external circuit, to a correspondi ng anal og

cur reintelsignal foamedout put s t he anal og current signal

to the associated video signal line, the video

current si¥pphigtieetnahrincrlidpragyadeyigealdicoprsiim to an

units which are disposed, in association 15 with the

resfeReSle F deloe siyvanrtiPneSOMRR4SEsAs up at | east
| evel, reference currents on

f | i f -
the bas: s oF L eReLUFgi pll THdeq Sighat. LiPRer diymed on s

' .Ih l [ | ;
e S FO0Y LR 100 208 R B SD, 1500 ea <o
out pif s Jféé@sgi{;jhg‘l” iRé'ltssgﬁdf Q%ﬁ SEQE%%' ! %g; Lurrent
timng for perrodically storing e gray- levél . and
wh i

r ef ERELL $UT ts 4 [ i IS
outgﬁi curfén%ﬁﬁo?dbg?§§u??£ka%?cEhgpg§d?§gggéﬁl|n

assafdratd O Wh tdi ghear egpest kygn¥ifdeensicgnal shippRSe¥rom

successively store the anal og current signals, and
an external circuit, to a corresponding analog current
signal, and outputs the analog current signal to the
associated video signal line,

the video current supply section including a

plurality of DA units which are disposed in association
.with the resﬁective video signal lines, and sums up at
least one of a plurality of gray-level reference
currents on the basis of the digital data signal,
thereby executing conversion to the analog current
signal; a refresh pulse generating circuit which
successively outputs refresh timing pulses for
controlling a timing for periodically storing the gray-
level reference currents in said plurality of DA units;
and output current hold circuits which are disposed in
association with the respective video signal lines,
successively store the analog current signals, and

output the analog current signals as a batch to said

plurality of video signal lines, and
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out put the analog current signals as a batch to said

“plurality of video signal lines, and 4 the out put

current hold circuit including a transistor which
stores the analog current signal at a selection tine
and outputs the stored analog current signal at a
non-selection tine. 5 Brief Description of Draw ngs

FIG 1 is a plan view showi ng am organic EL display

devi ce according to a first enbodi nent of the present
invention; FIG 2 shows the entirety of a video signa
driver 1@hef ouh@uar gairenkl hdilsplay-da ceiclldind a s

a bl ock diagram of the video signal driver; FIG 4
showsranpastoA WwhiEhGstdries a&heerharged cuxaalrs; slilgnal at a
FIG 5 schematically shows a DA unit of the organic

EL déspeayidaviéme BEhd cetphdws thespdoired amedmy ewfrent
the DA unit, FIG 7 is a circuit diagramthat shows a
par tSb¥naknabubpopncarrert irsl digiercuit of the organic
EL 20 di splay device; FIG 8 shows a video signa

driver of the orgdfit€f BESHEREPHRS FaHiRgS 9 is a

Crount SRt LIS g R bl o SR
Invetiflay device according to a first embodiment of the
present invention;

FIG. 2 shows the entirety of a video signal driver
of the organic EL display device;

FIG. 3 is a block diagram of the video signal
driver;

FIG. 4 shows a part A in FIG. 2 in an enlarged
scale;

FIG. 5 schematically shows a DA unit of the
organic EL display device;

FIG. 6 shows a specific example of the DA unit;

FIG. 7 is a circuit diagram that shows a part of
an output current hold circuit of the organic EL
display device;

FIG. 8 shows a video signal driver of the'organic
EL display device:

FIG. 9 is a circuit diagram that shows a part of a
video signal driver according to a modification of the
present invention;

FIG. 10 is a block diagram that shows a part of a

shift register according to a modification of the
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FIG 10 is a block diagramthat shows a part of a

shift register according to a nodification of the 5

present invention;. FIG 11 is a block diagramthat

shows a part of a shift register according to another

nodi fication of the present invention, 5 FIG 12 is a

bl ock di agram that shows a video signal driver

according to a nodification of the present invention;

FIG 13 is a block diagramthat shows a video signa

driver according to another nodification of the 10
presenésentvenhiventibh@. 14 is a circuit diagramthat

shows a part of the video signal driver according to

the nodi f Féati 88 isf a ld qukestimgiaweritatonshdW & a IBart of a
shows a DA unit of an organic EL display 15 device
accot it B regastecongcerddiondnt asfotthey naddht¢atton of the
and FIG 16 is a circuit diagramthat shows a part of

t he PACERNE 6PVERELGPGani ¢ EL di spl ay device according

h d di .20 Mbde for Carrying.
o The TR O R el Sl e A e
G ook U5 R B0 B el o 1L,

di sphaysdeVi ¢RveRtibRe invention is applied to an
organi ¢ EL display 25 device.

FIG. 13 is a block diagram that shows a video
signal driver according to another modification of the
present invention;

FIG. 14 is a circuit diagram that shows a part of
the video signal driver according to the modification
of the present invention;

FIG. 15 shows a DA unit of an organic EL display
device according to a second embodiment of the
invention; and

FIG. 16 is a circuit diagram that shows a part of
the DA unit of the organic EL display device according
to the second embodiment.

Best Mode for Carrying Out the Invention
Referring now to the accompanying drawings, a
detailed description is given.of a first embodiment of
the invention in which an active matrix display device
of the invention is applied to an organic EL display

device.

As is shown in FIG. 1, an organic EL display

device 1 is an active matrix display device that
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col or display. The organic EL display device 1

conprises a plurality of pixels 100 that are arranged
inamtrix (MX N on an insulating support substrate

10 fornmed of, e.g. glass; a plurality of scan |ines

101 5 and control lines 102 thateare disposed in a row
direction of the pixels 100; a plurality of video

signal lines 103 that are disposed in a colum

di r eefifentafl colerpiddiels ak00; Theseargaiiy L 200sphay device 1
out puts scan signals ScanAm(m=1, 2,...,M to the 10
scancbinpesd se81 aamd weritirtgt ofi gniades] ScldBmtiat tédnee arranged
control lines 102; and a video signal driver 300 that
supphies Wag&dxcUMt eht §)1dn en insulating Nupgent dedbstrate
signals to the video signal lines 103. Each pixel 100

i ncl ddedogmgids Bifay Seldendi#@sEys @ P uGat el Rt apcan lines 101

optical, active | yer bet ween opposed . el ectrodes; and
appl QBA gPp&aird Ov‘f t|pé9s‘:et r%’-?ﬁ%?ﬂdayl%l%n%?r‘t’

0 a0 o S0 S 4 56 8 e
di Sp%géggg{eﬁ%teslq%B' Sthator‘?bod S E SGTC? fhe g c%cg)lumn

[ um evice. Inthis e edis

el emaAt-e£@4 ohS o3 tIG 16 1@0‘3"%”%&5}?'&&016& 300 that

least an organic light-emtting | ayer as an optica

acti yatphgescahhisegrid1rds et gani< EL &l enenis. to the
which emt red, blue and green light, are arranged in

a 25spaedéuaemrﬂ®d amderconthe Inetiod 1f BRI g the

COIOLontrol lines 102; and a video signal driver 300 that
supplies video currents Idn (n =1, 2,...,N) aé video
signals to the video signal lines 103.

Each pixel 100 includes a display element 104
including an optical active layer between opposed
electrodes; and a pixel circuit 105 that supplies the
display element 104 with a drive current based on the
video current Idn, thereby to drive the display element
104. The display element 104 is, for instance, a self-
luminous device. In this embodiment, the display
element 104 is an organic EL element including at least
an organic light-emitting layer as an oﬁtical active
layer. Three kinds of organic EL elements, which emit
red, blue and green light, are arranged in a
predetermined order. The method of realizing color

display is not limited to this scheme. For example, a

method of combining an organic EL element that emits
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display is not limted to this scheme. For exanple, a

‘ met hod of conbining an organic EL elenent that emts 7

white light and a color filter, or a nethod of
executi ng wavel ength conversion for an organic EL
device that emts blue light my be adopted. The pixe
circuit 105 stores the video current Idn 5 act a
selection tinme of the pixel 100,7 and out puts the
stored video current Idn a5 a drive current to the

di splay element 104 at a non-selection time of the

pi Xekhi108. 1 Thrt paxrel accbtoirt £10% a9 Semeadd \&=
transi stor DRT that is connected with the display 10
el enexecdOdngnweeelengbbt weanea sfiionstf orolarage geirppd JEL
Vdd and a second vol tage supply Vss and is forned of,
e. g.devpceypeathemitsl mlteaddigdtomaya beapaopted .C
that 1is connected between a first term nal (source)
and a coRPPoPikedniRaCU(GatldP sitomes dieveidemsiwternt Idn

DRT; a 15 fjrst switch SW_that i s connected between a
secdﬂﬁ at%?L?ﬁBFOPdFéWﬁ)oén&hﬁh8158ﬁtrgl'téﬂﬂlﬂﬂtﬁﬁts the

LheStoYEs VIERS] BhereRE 1BR0AN andrin Sonp it 1 the
conNeey sty bet iR b s seoadbarmkal ol e drive 1o

transi S I rst ectro an anode

hi S cA82) 100, t honedbsRbay cchemant 13ad do%pfﬂrég%d °f§‘1 ve

‘p-type thin- film transistor; and a pi xel "swtch S

t hattisneoopset BT bRbweeR thanseeend il Afsgihs,
drive transistor DRT and a video signal supply

ter e haheatdl0g¢ farsediet BetRoep- by@Fd i Rrdlitdfe supply

transi stor.
Vdd and a second voltage supply Vss and is formed of,
e.g. a p-type thin-film transistor; a capacitor Cl that
is connected between a first terminal (source) and a
control terminal (gate) of the drive transistor DRT; a
first switch SW1l that is connected between a second
terminal (drain) and the control terminal of the drive
transistor DRT and is formed of a p~-type thin-film
transistor; a second switch SW2 that is connected
between the second terminal of the drive transistor DRT
and a first electrode (an anode in this case) of the
display element and is formed of a p-type thin-film
transistor; and a pixel switch SS1 that is connected
between the second terminal of the drive transistor DRT
and a video signal supply terminal and is formed of a
p-type thin-film transistor.

The gate of the pixel switch SS1 of each pixel 100

is connected to the associated one of the scan lines
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101 that are provided for the respective rows of the

pi xel s 100. The pixel switch SS1 is on/off controlled

by the scan signal ScanAmthat is supplied fromthe

scan driver 200, which is integrally fornmed on the 5
support substrate 10. The controB |line that controls

the first swtch SS1 and the scan [ine 101 may

i ndependently be provided, or may be forned as the

same 101 ridnaly arekipnptivedowtucthei tyspypeioé tbes of the
pi xel switch SS1 identical to the conductivity type

of tRExE3 s ik, sviihcPisl switdh sS¥hsks em/Phreastrolled
in the nunber of |ines can be suppressed. The contro

t er mMPYaltheg &N SFiaNfe SIRTHE shipd el SvRupRrleednéeprdthe
to the scan .drive the control_]ine 102. Th

00 vij
secofF ity e rqﬂfv amvl'd? oMt by F‘Pﬂém%%nPPthe
15 si | that i lied f t
it v ePBRerY ME e e e ContET] Thed ofpt, gpatrols
t hat .f is ' ' - gat
s Pt B S dra e A d OPLI8! ot maver

|aye&n@%péﬂﬁéﬁ%ﬂ?‘H@Lpfgéiaégit$4r5$§lgétf§Pﬁ%ﬁt?EZthe same

are fornmed 20 in"the sane fabrication steps w

sane lliageby staiGidingse Jddreand€eg: &) dhgbe SUPPENe pixel
termnal that is connected to the second term nal of

t he dmilveh rsBisiisteort RN W@ tidecphdett St ght $Sé bE the

connected to the video signal 25 line 103 that 1s

comrdnilrys tcawigetreWlo edoh tolsimeaoné, an increase in the
number of lines can be suppressed. The control
terminal (gate) of the second switch SW2 is connected
to the scan driver 200 via the control line 102. The
second switch SW2 is on/off controlled by the control
signal ScanBm that is supplied from the scan driver.

In this embodiment, the thin-film transistors that
form the pixel circuit 105 are top-gate thin-film
transistors each including a semiconductor layer of
polysilicon. All the thin-film transistors are formed
in the same fabrication steps with the same layer
structures. .

The video signal supply terminal that is connected
to the second terminal of the drive transistor DRT via
the pixel switch SS1 is connected to the video signal
line 103 that is commonly connected to each column of

pixels 100. The video signal supply terminal is

connected to the video signal driver 300, which is the
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pi xel s 100. The video signal supply termnal is

" connected to the video signal driver 300, which is the

9 drive circuit, via the video signal |ine 103. The
scan driver 200 includes a shift register and an

out put buffer. The scan driver 200 successively
transfers a horizontal scan start pulse, which is 5
supplied fromoutside, to the néxt stage, and supplies
an out put of each stage as the scan signal ScanAmto
the scan line 101 via the output buffer. This timng

i s synthe ool zedity t hianehboxigent sk gnean 1ayel €.03The
scan driver 200 subjects the output of each stage to a
10 si gnal Theoeess, drhgreby0pr adedhrig st lze stdrftr ddegister and
signal ScanBm and supplying it to the control Iine

102. 3’ ogtpeli puffiprch ForeparasdsdarrwdPéf smmsessively

(control _signals) with different pul se wi dths and
phas%%a??5%¥soﬂeh65%599téﬁ Fﬁénsﬁﬁﬁﬁtr@§ﬂ§ﬁerwhh§h is
for ned us erature polysilicon.

exan%?%p g %fﬁﬂtOBFsgﬁﬁ' ERi £he BErSt 830§ d@qdvéﬂﬁflles

of ¥ ﬁét%p?eééoﬁ%g '5%ef8 Rukber SoRrodtplR, SHRAn €0
the gggegc%ﬁpylngf ﬁ§091gﬁ%ﬁe EmghE E%f%%gtroh%gd Q&mlng

the control |1ne scan 2

di f f 28 esyn oML &61 YELL b§tﬁnen@ha§§§zeﬁea@e sc%t ra 1elNe rhe
scan driver 200 and the video signal driver 300 are :

i ntegeah | grivemedoonstibgesuppeht o8upaLr afeedlh Atdg® to a

shown in FIG 2 to FIG 4, the video signal 25 driver

300 szl spso@essy i ahepabgl pebdcetyier shencontrol signal
ScanBm and supplying it to the control line 102. A
circuit, which generates scan waveforms (control
signals) with different pulse widths and phases from
one output of the shift register, is formed using low-
temperature polysilicon. For example, an output of the
shift register is delivered to one of inputs of each of
NOR circuits, the number of which corresponds to the
number of outputs, and the other input of each NOR
circuit is controlled by the control line. Thus, scan
waveforms with different pulse widths and phases can be
output. The scan driver 200 and the video signal
driver 300 are integrally formed on the support
substrate 10.

As is shown in FIG. 2 to FIG. 4, the video signal

driver 300 comprises a sefial—parallel conversion

section and a video current supply section. The

serial-parallel conversion section converts serial data
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section and a video current supply section. The

' serial -parallel conversion section converts seria

data 10 to parallel data in order to output video

signals, which are input as serial data signals from
outside, to each pixel group (each row of pixels 100
inthis case) at a tine, which is connected to the
associated scan 5 line 101. Thel®ideo current supply
section converts the obtained parallel data DnOto

Dni to analog currents corresponding to val ues of the

dat a; o gralrablé putistbhénababeg tur cempaitt ¥itde® signals,
associ ated video signal lines 103. 10 The

serivhigarar¢ einpohvessseniséctiata cdogprilsesron dedside, to
l'ines 311, through which digital data signals DATA

ar e.€3¢hupingl vgdewrsigaghs rPromfapiasisr A0 id rtduig ;case)
a sanpling, latch circuit 320 that serial/paralle

convér t3 tHeS davRishgnil SOBRTALRAoFCL hb el B sHafd@gchescan

dat oL Sr b & | nEBemeAOFy GERBAEs SRR §a}sge|%%%-réf gyerts
105,10 pPro Hed brepTIRTCBRKE KhTEsT PRI sty on
| ond Tor O Ol rent Eo3000t Rt Surpare® o2 3 Baree i p

dat aost Gias St h81581 chiekefRe LoWrnehiagh g thel dideo
the sampling latch circuit 320, into nenory el enents

t hatsagrea r ¥ fnged10B.associ ation with the respective

video signal |lines 103, and | atches the data signals

25 for onBhaoserbalabaseddetli menyerisidn section comprises
video lines 311, through which digital data signals
DATA are input as video signals from an external
circuit; a sampling latch circuit 320 that
serial/parallel converts the data signals DATA from the
video lines 311 and successively outputs and stores the
parallel data signals into memory elements that are
arranged in association with respective video signal
lines 103; a shift register 310 that controls the
operation timing of the sampling latch circuit 320; and
a load latch circuit 330 that outputs, as a batch, the
data signals Dn0 to Dni for one row, which are held in
the sampling latch circuit 320, into memory elements
that are arranged in association with the respective
video signal lines 103, and latches the data signals
for one horizontal scan time period.

Specifically, the serial~parallel conversion

section is a circuit including the two-stage latch
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Specifically, the serial-parallel conversion section

is acircuit including the two-stage latch 11

structures 320 and 330. At rising edges of |atch

pul ses SROUT1 to SROUTn that are generated by the

shift register 310, serial data DATA of k bits (4

bits for each of R@B in this case) are successively
stored in 5 the sanpling latch dilircuit 320 associ at ed

with each video signal |ine 103. During a data

bl anki ng period in one horizontal scan cycle, the

dat asteuctheepi Blos antD® A0ar r espanicl ingy teddde of latch
associ ated scan line 101 are stored as a batch in the

| oadphdsels SROUTILt tIBERAUTrhehalt0 grarigenefated dpghthe shift
pul se LP1, and are held for one horizontal scan

peri segivier RS | meutiadf detst AATHUE& ST {hebits for
shift reglster 310 successively outputs, in one

hori 28RfPaPf &&&n iFeifdd q2Roh A SBESRIACeYy SRR 1

wi th_pul se 1 phase hi fted at every cloc an

S A S L 51 Atk HeGhn 40 fr%j%'awmggch
103. _The sanpll atc t 320 is confl ured such
hat NAEP PARERIS R A0 | nd Rt i LAEh Eipd BPri od

20 hait o5, Eﬁ’r‘fw"* ¥ BAH “d%ta 5 #ﬁf Hig fge e

20 ha CIrCUI stores serla

of 109 UtPulscliii e Sid JEBSt Mo Pikar e _+@aﬁg1 are

latch <circuit 330 Is configure atc

Circditbyed Re RUMRICHN MWD licaeauticl Gcih@uitiMBed at the
of bits, are arranged in parallel, and stores digital

25 dattainbBnOft @ Daitchatpullse tlind ngrod dihe hatdhfpnl see
LPl.horizontal scan period.

With the input of a start pulse STP2, the shift
register 310 successively outputs, in one horizontal
scan period, latch pulses SROUT1 to SROUTn with pulse
phases shifted at every clock CL2 and displaced by one
clock between the video signal lines 103.

The sampling latch circuit 320 is configured such
that half-latch circuits, the number of which is equal
to the number of bits, are arranged in parallel. Each
half-latch circuit stores serial data at the timing of
the output from the shift register 310. The load latch
circuit 330 is configured such that half-latch
circuits, the number of which is equal to the number of
bits, are arranged in parallel, and stores digital
data, DnO to Dni, at the timing of the latch pulse LP1.

The video current supply section comprises a DA

conversion circuit 340 including a plurality of DA
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The video current supply section conprises a DA

conversion circuit 340 including a plurality of DA 12

units 341, which are disposed in association with the
video signal lines 103, convert data signals DnOto

Dni  fromthe load latch circuit 330 to anal og

signals, and output the analog signals to the video

signal lines 103 5 as video curiénts ldn; a refresh

pul se generating circuit 350 that outputs a refresh
timng pulse RFTM which controls the timng for
periodital B¢lst ghiny arecaistastedcun ertdsdcidtnien with the
constant current nmenory circuit 342 in each DA unit
341;vaadoanigoeput ivesr 8063, Onvelnt datmuigiBells 0 to Dni
hol ds video currents Idn, which are supplied fromthe

DA cbro®Br 5henlepdcdiptcBaciricarit & Hor iaronied skamals, and
period, and outputs the video currents |dn to the

vi deBUEPghaFPi RS 1903 54912 Ifatten then AR TR whipes 103
each gixel group.. 13 F#g..S Sh%ﬁ§ the DA unit 341 Ehat
cor ra2pbhdsCt SUTERETSULRY 8 T S5A Rihvist JYeTating

Ci rcui 40. ' t.h tryct ure .of. - b
conporEaE 6 2Fhe tBACUAE RIS ARt b PRAS P
four-Ri Lty C [ iR i iﬁgﬁ- ; f 5B

The %ﬁ?ﬁ%i?Eﬁgﬁ%g%oqggsgéﬁgﬁéﬁq§?{ t é%%ﬁgfg%g %lgna?g @

linesod98aAt thereh@Spectinve eIt i dah Rdmd P@
same tinme. The DA unit 341 is provided in association

Wt hcitbeivi dea singealkhl iDre uHd3 341 ;S\HHY Wid hodti®ut current
refresh timng pulse RFTMfromthe refresh pul se
genehaldngi2buditr ®i0t tB5@, hidlelsDAridEd SAdrercrw/eldrs, which
data signals DnO
are supplied from the DA conversion circuit 340, for
one horizontal scan period, and outputs the video
currents Idn to the video signal lines 103 as a batch
in association with each pixel group.

FIG. 5 shows the DA unit 341 that corresponds to
one output of the DA conversion circuit 340. FIG. 6
shows the structure of a 1l-bit component of the DA unit
341. Each DA unit 341 has a four-bit construction in
association of each of RGB. The DA units 341
associated with three video signal lines 103 of the
respective colors are driven at the same time.

The DA unit 341 is provided in association with
the video signal line 103. 1In sync with the refresh
timing pulse RFTM from the refresh pulse generating
circuit 350, the DA unit 341 converts data signals DnO

to Dni to an analog current signal.

Each DA unit 341 comprises constant current memory
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to Dni to an analog current signal. Each DA unit 341
conprises constant current nmenory 13 circuits 342, the
nunber of which corresponds to the nunber of bits of
the data signals DATA, switch circuits 343 that
control output/non-output of the associated constant
current nenory circuits 342 in 5 accordance with the
data signals DATA, a video currgBt output |line 344
that connects the respective output termnals of the
switch circuits 343; and constant current supply
i nesiB&bithadd3upphy dufbetent ebishari rewspenids Ito the
to the respective constant current nenory 10 circuits
342 nulee conStlant s cafr ehe deter gignedsi DATA2 issvidzch
circuit that stores a gray-level reference current Ic
(10-aBycuiks chd Bsthapucoat ralsemspuitdnoneaitpartd of the
outputs the stored ra¥-level reference current Ic (10
Bto

15 133S@EiatpdnceRFEeRl oRUEFABL MEMORYs Cdmsoditfertd2 in

the constant current negnr ci.rcuiit 342 _is forned of

o ARTORTARTRy M LERCHNE . O8pEcAroEatey DATRG Gofdiiag Current
j ' 42 [ t i,St Tr;

o SR ERE e o FE EhaRcBrBl B el et v putput

dr ai i .2 Ql’bsté?f Eﬁénéhgfc% LhrcRigy tBQ@;S%ntth{Ior{ssta t

connectedn etween the drain oF tﬁe t Pandi stor 1T and

the CQPSLRAt suSPIyent ns4PBLY khae, sapPWivt e SR At dShstant
connected between the drain of the transistor Tr and

an ogipréntserdi pal thé tBepeutieRt coARY a4t @rrerfNtdinory
capacitor 25 C2 having botﬁ term nals connected to the
gatecanduits 342.

The constant current memory circuit 342 is a
circuit that stores a gray-level reference current Ic
(I0-1I3), which is input at a selection time, and
outputs the stored gray-level reference current Ic (I0-
I3) at a non-selection time. In this embodiment, the
coﬁstant current memory circuit 342 is formed of a
current copy circuit. Specifically, the constant
current memory circuilt 342 comprises a transistor Tr; a
switch S1 that is connected between the gate and drain -
of the transistor Tr; a switch S2 that is connected
between the drain of the transistor Tr and the constant
current supply line; a switch S3 that is connected
between the drain of the transistor Tr and an output
terminal of the current copy circuit; and a capacitor
C2 having both terminals connected to the gate and

source of the transistor.

In the state in which the switches S1 and S2 are
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source of the transistor. In the state in which the
swtches Si and S2 are 14 closed and the switch S3 is
opened, the constant current nmenory circuit 342
constitutes a self-bias circuit between the gate and
drain of the transistor Tr. The constant current

menory circuit 342 operates 5 such that a current

fl ow ng through the source-drai @24 path of the

transistor Tr via the switch Si nmay becone a desired
gray-1level reference current li. Subsequently, in the

st atelonedhiaad the swiittche$3SHsarnbensd artche pesrest sl

the switch S3 is closed, the 10 capacitor C2 stores a

gat ecspuent welbagye catrcaitti Be2 whers timitmemunts ol £ tihbas
current, which flows through the source-drain path of

t he €iLaAvLEt betVeenbébemesteqwald dmirhaif dfhe Heransistor
gray-level reference current. The gray- |evel

ref eFénceTB8r FERE RNt SUFFEHR MANP Bhe infuidh XP gperates
The switches Si to S3 are _controlled by a _comobn ,
cont SBPhSPBRR = FRaTerite TEPTaSh TIAAURD 1S e RaR-drain
fro e_shi ister. SR, .The sw,tch Sl an witc

5o b2t Ar gE kb o RSP dniet S it e SRy become

POl 351 bt :BA0cBE_ SN ST d TBALAlp@ i =11 m

transi stor polarity that erent” fromthe

pol agiib¥eBlienthe, SWht ¢h@s s9ia taNd S3ynildh tHHe switches S1 and

enbodi ment’, the” transistor Tr, switch Sl and sw tch

S2. gpeapet ypenthi andf ith® Shargdrstsy sis aficbdde, swhd ch

S3 is an n-type thin- filmtransistor. 25 The

out patpaocntout pat stoamst ke gaarstsantrcurvE@tage at a time

when the amount of the current, which flows through the

source-drain path of the transistor Tr, becomes equal
to that of the gray-level reference current. The gray-
level reference current Ii is output via the switch S3.
The switches S1 to S3 are controlled by a common
control signal, i.e. the refresh timing pulse RFTM from
the shift register Sﬁ. The switch S1 and switch S2 are
formed of thin-film transistors of the same polarity,
and the switch S3 is formed of a thin-film transistor
of a polarity that is different from the polarity of
the switches S1 and S2. In this embodiment, the
transistor Tr, switch S1 and switch S2 are p-type thin-
film transistors, and the switch S3 is an n-type thin-
film transistor.

The output/non-output from the constant current
memory circuit 342 is controlled by the switch circuit

343 in accordance with the data signal DATA. The sum



10

15

20

25

menory circuit 342 is controlled by the switch circuit

343 in accordance with the data signal DATA. The sum

15 of output currents fromthe respective switch

circuits 343 flows in the video current output |ine

344 as a video current. As described above, the

circuit, which stores the 5 gray-level reference

currents Ic corresponding to thé5 respective bits in

the state in which the refresh timng pulse RFTMis

set in the active state, and retains the gray-I|evel

r ef eoEncetputr entrgehe si i riome thienactspertsitvad eswitsch circuits
provi ded for each of the video 10 signal |ines 103.
Ther24dr &lovheloobbeanti degr cantrensupplpputhatirgenst ates a
gray-level reference currents Ic for the respective

vi debidegnabrrepds 103 can be provided. As is shown

in FIG 7, the output current hold 15 circuit 360

uses a cuPPeREsCopPed foAYe, The GutpiHit cuiheslt Pepres the
circuit 360 sgoreg the video curre val ue at the h
ti m PEEHF L ARCOUE FAEIENFPe M TR il SOUFS 1R the
it dygj ne_horizonta C ri,od. At .thi.s

t he %%%ggF?gﬁeogE%%pE% %&%r%%ﬁ% n#ﬁﬂ%ﬁiﬁﬂt&ﬁﬁ %é#%%%@

cir C‘c‘iﬁhihgi Fﬁgf@.%fﬁﬁm the Qllr g6t L I diNf QLA 4ng

copy circ e constant current nenory circuit

342 retaths PheUbichy34bvelhyerdrha ONAUGtdid Yid YP€ the

of each transistor in the output current hold circuit
360 ihsctever seate,t hat pelovaaly tfansdadiprof ntidievideo

constant 25 current nmenory circuit 342.
signal lines 103. Therefore, the constant current
supply that generates gray-level reference currents Ic
for the respective video signal lines 103 can be
provided.

As is shown in FIG. 7, the output current hold
circuit 360 uses a current copy circuit. The output
current hold circuit 360 stores the video current value
at the timing of an output current write pulse LP2 and
holds it during one horizontal scan period. At this
time, the direction of input current in this current
copy circuit is reverse to the direction in the current
copy circuit of the constant current memory circuit 342
of the DA unit 341. Thus, the conductivity type of
each transistor in the output current hold circuit 360
is reverse to that of each transistor in the constant
current memory circuit 342.

The current copy circuit is also used in the

output current hold circuit 360, as described above.
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The current copy circuit is also used in the output
current hold circuit 360, as described above. 16

Hence, even if the characteristics of the transistor

devi ces provided in association with the video signa

i nes 103 are non-uniform the video current val ue of

the basic input section can be copied by the self-bias

5 function of the current copy tércuit. Thereby, a

stabl e video current supply section can be realized.

This structure is particularly effective in the

Ci rencelsi agehowtt ehpechbuaetpeobhpsiikiscoif wihieh tgragedistor
non-uni formty in characteristics. Even in the case

10 whevicehepdeivdedcincassorsaktatagmalthy the Midso tdignal
support substrate, the otganic EL display device 1

wi t L hngh dP3pprag goarbpyiesm, b&hgcRildeed cCummemt lue of
above structure, in the state in_which, non-uniforniﬁg

in threshdPdCoiPPrANSPSESPE GRS Pe gopigs by the self-bias

non-uniformty _in display |um nance of 2% or_| ess was
SUCCHRBFEI Py BBt AiRcA IARBAG CRBYpFASFYiF00. TRE<PY) A
i e e

non-UnifQ&HEEysﬁﬁécﬁg%élH%egarEEéJT%fi A Me L0y the

is also integra buil't “on the substrate, a very

smal & rbh 9Bt 18K 88N BwEkenBbsRkBYcd@¥I6R 1] iCRIN BB th great
obt ai ned. Furthernore, in the present "enbodi nent, a

chargbfguncEbenityf 0h eHhthBHe@fiktaceUrreften in the case
corresponding to the video signal and keeping the

vi dewhsignahel dpevé®3catcai25iconstaniraidtyeiuidlt ion a&he
certain part of the vertical
support substrate, the organic EL display device 1 with
high display quality can be achieved.

With the above structure, in the state in which
non-uniformity in threshold of transistors was = 1 V,
non-uniformity in display luminance of 2% or less was
successfully obtained among the pixels 100. The
organic EL display device with high display quality and
suppressed occurrence of stripes or non-uniformity was
realized. 1If the scan driver 200 is also integrally
built on the substrate, a very small, light organic EL
display device 1 can be obtained.

Furthermore, in the present embodiment, a charging
circuit for cutting off a current corresponding to the
video signal and keeping the video signal line 103 at a
constant potential in a certain part of the vertical

scan period is integrally formed using polysilicon on

the support substrate. This improves a black level
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scan period is integrally forned using polysilicon on

the support substrate. This inproves a black |evel 17

i ncrease, which poses a problemin the current-witing
type pixel circuit 105, and a display defect due to a
previously witten video signal, and enhances the

contrast ratio. 5 The present enbodinent is directed

to the case where |owtenperatlve polysilicon
thin-filmtransistors are used. The present invention

is not limted to this enbodinent. The invention is

al soiredfesséyewhilich pases af pusblgnt nanshst eurdetitcasriting
with great non-uniformty 10 in characteristics,. bulk
CMOSsyp@rphkeh- cenpeiat U086, podysi dicpdalyr aediesttordie to a
formed on a continuous grain silicon (CGS) quartz
subsereveouasy hdsibben daderi sédnaldovendieniraniees the
built-in structure of the driver circuit, in

par tF@RFB#Stt iaties video signal driver, the nunber of
connecti on, poi nts mnth t he exter nal circuit can

reduced, tRE REERSRTcEMPPEFMEHY |115y Laefe derﬁ%ﬁé'éed case

h | t f '
ST i R H e S s
redqgﬁg ué@%éo @Hg ékQQenES&HQekQﬁoﬁ'Q%On%E9?¥mf¥éa”¥b this

i ncluding t curr copy circuit that

in asmochahéRp. Wehb {RGckdeq %lsgﬁqlsol e 'ecttrl‘%el eﬁgt;b case
of the Iine of the current supply can be reduced, and

the sapasihgveraheadrel HBeicdkr @At nS YRR m%lformlty

suppressed. A signal 25 current can stably be supplied

to the phxebkctépistics, bulk CMOSs, or high-temperature
polysilicon transistors formed on a continuous grain
silicon (CGS) quartz substrate.

As has been described above, with the built-in
structure of the driver circuit, in particular, the
video signal driver, the number of connection points
with the external circuit can be reduced, the
mechanical reliability can be enhanced, the peripheral
picture—framé region can be reduced in size, and the
weight of the entire panel can be reduced. 1In
addition, using the video signal driver including the
current copy circuit that is disposed in association
with the video signal line, the length of the line of
the current supply can be reduced, and the capacitive
load of the current supply can be suppressed. A signal
current can stably be supplied to the pixel. 1In
addition, a high image quality display device, which

has a large margin for characteristic non-uniformity of
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addition, a high imge quality display device, which
has a large margin for characteristic non-uniformty

of

18 transistor devices and is free fromstripes or

roughness, can be realized. The above-descri bed

enbodi nent is directed to the case of using the shift
regi ster 350 of the video 5 current supply section and
the shift register 310 of the k®&rial-paralle
conversion section. Alternatively, a circuit
configuration as shown in FIG 8, wherein a single
shi firaregi ster 3§0itcsscamivhbyfusedf roay she ipadoptred.
The shift register 370 can output both the 10 latch

pul

seo8ROMTs aindcahebe efeashzedm ng pul se RFTM  For

exanple, FIG 9 shows a part of the circuit of the
vi deo si ghlag @ppverdesribed shbrslimeatstisustivestsfd to the

one stage of the shift register 370, and FIG 11 shows
a spR3Tiet stFiReurke shifheregiatsr BOW &t ithe ducnaR

15 t this circuit d | ogi cal OR val f
out SHTSE BT | 9B AT~ ShagBdaRtCt HELpredFouS Sragd® of

vt o Cht U RET et FebFaPornSPbERRG, | <8 ramsively,

| at
20

A & F M £ SeodPEyGEEEYLD 9%2 QﬁB%naib%%Qt gve shifdin a

pul se SROUT for gach I1ne ogl ca val'ue 1's

pr odiicegh & Nsihher casgi Ot e Hl Srbacki ¥8mRBHAY! uls¥Re) may be
Thereby, the circuit scale can greatly bé reduced, "and

a staddpwsaxdl | eThel sghferrdysptay 9devi eancantP@t both the

obt
r ef

ained. 25 Acircuit 346 that generates gray-|evel
erencte pulse SROUT and the refresh timing pulse RFTM.

For example, FIG. 9 shows a part of the circuit of
the video signal driver, FIG. 10 shows the structure of
one stage of the shift register 370, and FIG. 11 shows
a specific structure. 1In the case of LOW active output
type, this circuit produces a logical OR value of
outputs of its own next stage and the previous stage
(or the rear stage in the case of left-and-right
inversion) of the shift register that comprises half-
latch circuits. The circuit outputs a LOW active shift
pulse SROUT for each line (a logical AND value is
produced in the case of HIGH active output type).
Thereby, the circuit scale can greatly be reduced, and
a still smaller, lighter display device can be
obtained. |

A circuilt 346 that generates gray-level reference
currents, as shown in FIG. 8, may integrally be

formed on the support substrate 10. In this case,
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currents, as shown in FIG 8, may integrally be forned

on the support substrate 10. In this case, 19

vol tage-to-current conversion is effected by a single
transistor. Even if there is non-uniformty in
characteristics of voltage/current conversion

transistors that determ ne gray-level reference 5
currents, output currents can begsequalized by

adjusting the gate voltages from outside. The

adj usted voltage can also be used as a 7 adjustnent

vol teget d s -t adiwsi £NE aodveRakaat ekl sififectBUDy id single
shoul d suffice if voltage supply is executed from

out sixksasitdot he BOepoipathbicki iy wohkunhhe cextiennaln
circuit of the display device is enhanced. The
abovehatesct ¢ beslt eabodi neal thgedicneceat contvieesicase of

| i ne-sequential driving in which batch-wite is

exectx@RS i proT et prkeflsteoVinsnAteved e lone fegamnds ne

15 101. Alternatively, the invention is applicable to

dot -S¥EENET al OGEPYF nGUTFRNERI S2Ba8E, eﬂﬁéléﬁﬁﬁupy adjusting

current hold ci it 360 can be n1tte I n .addit
as s ST el £456s, REORAREEEOHE -of T régéelsgeg%a’ioltage
? Z%Pgorﬁgh&séQV%rSIO edag @stggg SEIEPrls

Si gnal 8 ad

and FifGasdfngt he Qﬁgasanﬁ§¢l§ﬁ{ UIt ﬂag bft°§h%8§g'suffice

and the output 0 I ng atc cifrcurt
be iNPUiol LaglesBPptONYEr skaButehr Rl 34@siHRe and the

circuit configuration of the refresh 25 tim ng pulse
genec@tpagilei I tuyt wBbA thet BuSezhteredrcuit of the display
device is enhanced.

The above-described eﬁbodiment is directed to the
case of line-sequential driving in which batch-write is
executed for the pixels 100 connected to one scan line
101. Alternatively, the invention is applicable to
dot-sequential driving. In this case, the output
current hold circuit 360 can be omitted. 1In addition,
as shown in FIG. 12, the functions of a reset signal, a
left-and-right inversion signal and an output enable
signal may be added.

As is shown in FIG. 13 and FIG. 14, the load latch
circuit may be omitted, and the output of the sampling
latch circuit 320 may be input to the DA conversion
circuit 340. The circuit configuration of the refresh
timing pulse generating circuit 350 is thus altered

such that the refresh timing pulse RFTM and latch pulse

SROUT may become active later. Thereby, the circuit
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such that the refresh timng pul se RFTM and | atch

pul se SROUT may becone active |ater. Thereby, the

circuit 20 scale can greatly be reduced, and the

picture-frane region can be nmade narrower. Next, a

second enbodi nent of the present invention is

descri bed. The second enbodi nent has the sane 5

structure as the first enbodi nreAd except that the

constant current nmenory circuit 342 in the DA

conversion circuit 340 is configured as a differentia

curremdleopyncgreaiily bherpatted;orman tthe tdioseurtdr £ heme

first enbodi ment are denoted by |ike reference

nunefed sorocandba dader nprricometrhereof is omtted. FIG

15 shows an exanple of the circuit configuration of

the DA un£%8412 &REOPAGEMPEIHERS tdfe thea miceseRt ofnwention
onent of the DA unit 341. Each DA unit 341

oper%ﬁe@ FHP29bi t TASt §°5PgRarTLBATRe NS Na -ty same

i r ot s Sse F e RTnBer oot <F %téﬁm@ s mn‘fzft he

b T
o e Stalt  Suatehbondab eyt La0RLE s on%oétﬁ‘lﬁ
aSS%@&@Qs?QHSE'E‘PEuEW Bept 1@9%5%'&$Kr W tg %42d1infezzp?nt1al

accordance with the data signals a video curren

out peiir +éme ééﬁth@ECQQBneCTﬁetB@r&%s%%ﬁﬁdﬁeﬂﬁﬂﬂﬂgse in the
termnals of the switch circuits 343; a base current

suppf yrst nemd36imbat awppbeastadcbymn Kease fardrf dlnerals
to the constant current nmenory circuits 342; and 25

consirhta cdesenipsippl yheirres 437 othiattesluppl y
di fferent :

FIG. 15 shows an example of the circuit
configuration of the DA unit 341, and FIG. 16 shows the
structure of a 1l-bit component of the DA unit 341.

Each DA unit 341 operates with 4-bit data signals DATA
(DO-D3). Each DA unit 341 comprises constant current
memory circuits 342, the number of which corresponds to
the number of bits of the data signals DATA; switch
circuits 343 that control output/non-output of the
associated constant current memory circuits 342 in
accordance with thé data signals DATA; a video current
output line 344 that connects the respective output
terminals of the switch circuits 343; a base current
supply line 436 that supplies a common base current IB
to the constant current memory circuits 342; and
constant current supply lines 437 that supply different

constant currents IC to the respective constant current

memory circuits 342.
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constant currents IC to the respective constant

current nmenory circuits 342. 21 The constant current
menory circuit 342 is a circuit that stores

gray-level reference currents 10 to 13, which are

input at a selection tinme, and outputs the stored
gray-level reference currents 10 to 13 at a 5
non-selection tine. In this enbddi mrent, the constant
current nmenory circuit 342 is conposed of a two-input
current copy circuit. Specifically, the constant

current nEherygooskeunit c342entnpemeey Titransi si4r i35 ;a

a switch S1 that is connected between the gate and
drai®inoubt thettphasest orayrileyedwirediersnachaunrents I0 to
connected  between the drain of the transistor Tr and

t he EonsYBhED 2aer éRPUSUBBI & ERAECAIPN Ligifit @pdsputputs
that_is connegted bftme n the drain of the transisto

and the BREESCuPFRNT §MEE| Yo PRENESE S TSR H s4 ¢ at a
IS connegéfg 15 bet ween ﬁgganain f t.he tragﬁlstor

Tr éﬁo an ou%%ﬁ?n éWﬁfna the PF@HanUp € constant

Cirqy&ffeﬁ@dmgﬂgggagkkeﬁatcg4aaggn%99@%§é%ﬁgw %me%o—input

connected to ate an source o transi stor.

In therséRt ecbﬁ%/“@EEEug.B‘? Subkehes calll y$2 M Shsidtht

are closed and the swtch S4°is opened, 't he constant

cur r@@fr@ﬁﬁ&ﬁ&méknghkcﬁiE ganstohplresed eldfrdidAstor Tr; a
circuit between the gate and drain of the transistor

Tr. dbhketcbhnSlabthatutksenbnrenbey betewien 342 epafatsasd drain

such that a current flow ng through the source-drain

25 paf htbé thentiahsisTor #r swilachh&2swihtach iSi ammnected

bec%ggtween the drain of the transistor Tr and the constant
current supply line 437; a switch S3 that is connected
between the drain of the transistor and the base
.current supply line 436; a switch S4 that is connected
between the drain of the transistor Tr and an output
terminal of the current copy circuit; and a capacitor
C2 having both terminals connected to the gate and
source of the transistor.

In the state in which the switches 81, S2 and S3
are closed and the switch S4 is opened, the constant
current memory circuit 342 constitutes a self-bias
circuit between the gate and drain of the transistor
Tr. The constant current memory circuit 342 operates
such.that a current flowing through the source-drain
path of the transistor Tr via the switch S1 may become

a desired gray-level reference current Ii. The gray-

level reference current Ii is set by executing such a
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a desired gray-level reference current li. The gray-

| evel reference current |i is set by executing such a
22 control that the constant current that is set via
the constant current supply line 437 becones a sum
current of the base current IB and the gray-Ievel

reference current |li. In other words, the operation
is executed 5 such that the grag2l evel reference
current Ii may becone a difference current between

the sumcurrent and the gray-Ilevel base current I|B.

Subsespiendlythat the cshatanin ctftireht! hthaawitLhas Stia the
S2 and S3 are opened and the switch S4 is closed, the
capaxpnotast ocesrantOsgapéysduinhee 480 agenais & tdu® current
when the anobunt of the current, which flows through

t he sbutle-deagncparansf IBt hadt taesiosteor- 1Bve besoimsence
equal to that of the difference current. The

gr aycYBYRDt r i er eRBeCENEreOTdS itheogRapatiion tire executed
switch S4. The switches_ Si to S4 15 are control |l ed by

a cotthoh E%Frsbessgﬁgrleveg LERE TSNS SSHISTH nigs may

| RFTM f h hi f 350 370 Th
o ?%%C%Pet%rﬁmsﬁe%éaﬁcgrﬁ%ﬁk Hes iR [§4f current and
ransisors o obhe SAUR BALALLLY rsand dBRociMdAN, S cne

|sforme mtransistor o

t hat ﬁ§tgliﬁe@§g f righy @f
Si tso S3. In thi gheﬁ‘gg]d%ﬁgﬁ{awet%hgltr%nz&aglt%orS%Mat@E%ened

swi tehest e spibdhase Pst ¥pestl, Nthid Madddnd St sres a

and the swtch $S4 is an n-type thin-film transistor.

25 Fpatexaopkee whenatybeagr aytligeelwhesf erencandiitit et the
current, which flows through the source-drain path of
the transistor Tr, becomes equal to that of the
difference current. The gray-level reference current
Ii is output via the switch S4. The switches S1 to S4
are controlled by a common control signal, i.e. the
refresh timing pulse RFTM from the shift register 350
{or 370). The switch S1 to switch S3 are formed of
thin-film transistors of the same polarity, and the
switch S4 is formed of a thin-film transistor of a
polarity that is different from the polarity of the
switches S1 to $3. In this embodiment, the transistor
Tr and switches S1 to S3 are p-type thin-film
transistors, and the switch S4 is an n-type thin-film
transistor.

For example, when the gray-level reference current
Ii is 0.01 uA, the constant current (sum current) that

is supplied from the constant current supply line may
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li is 0.01 UA, the constant current (sumcurrent)

that is supplied fromthe constant current supply

line may 23 be set at 1.01 g A and the base current IB

may be set at 1 12 A. The current of 1 9A or nore is

flows to each input termnal. Thus, even if each

current path has a capacitance of 10 pF, charging can

be executed within 5 10 us, and2B8he transistor can be
operated to cause a current of 0.01 4Ato flow The

out put/ non-out put fromthe constant current nenory

ci rchet s842atslcoOnt okl eddbyhthbasel taltrentcdiBt ma3dde set
in accordance with the data signals DATA. The sum 10

of oatplt tAirr htg ¢nonenheodwilt ¢hA cor cudre fbofidows to each
the video current output line as a video current. As
descinbel hpspénailn t f&usonsvam idurgseit gimirit path has a

circuit of the DA unit, 4ﬁ i s executed 3é(the o
di f f 6RBAELROFFeRE. 1PnPEdditiEdH Y 1378 Ro\RX LS ¢ b‘té%ithln

15 t ffect wh h t
o THTUE7 TR Coer b anf PEoFargs, BT oPe aeee boe Tce 2

|npr8¥§an%gg§cB(bgnt xwkgnggaect and to secure tone

| i near SCa This wite nmethod using

the diff e@ﬁgc%_ucgg;ut%tod—%u %dn‘??’@h@ é&h%@gn@u&?f}ent

current ho cir Specific e analog vid

currgehokomit-heiPA3URI t 5 mttrhﬁl@ﬁ%fl’\fﬂérgw1m CBlrcult

flows in a direction different fromthe direction of
t he anal ag dcdeedatuder eritch ahe idyud digyridles tDWFPA NPpUthe sum

current copy 25 circuit. At the selection tine, the
di f f efepoépotr camtrents from the switch circuits flows in
the video current output line as a video current.

As described above, in the constant current memory
circuit of the DA unit, write is executed by the
difference current. 1In addition to the above-described
advantageoué effect, even where the capacitive load up
to the input terminal is large, it is possible to
improve a low-current write defect and to secure tone
linearity in a low gray scale.

This write method using the difference current is
applicable to the ocutput current hold circuit.
Specifically, the analog video current from the DA unit
and the base current, which flows in a direction
different from the direction of the analog video
current, are input to the two-input current copy
circuit. At the selection time, the difference current

between the analog video current and the base current

may be stored. At the non-selection time, the stored
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bet ween the anal og video current and the base current

may be stored. At the non-selection tine, the stored

24 difference current may be output as the video

current. In the first and second enbodi nents, the
description is given of the DA conversion circuit
wherein selective output is effected by digital data

5 after the plural gray-level r2ference currents are
stored. Alternatively, the gray-level reference

currents may first be selected, and the sum of the

out pli fefendeseuruenenmaynay betpupuist dheheicenstantrent .
current nmenory circuit. Thus, the signal current val ue
10 may belstbhedfangtr engi se¢ondn embios igesd s orthe one
constant current menory circuit 342 may be provided

for 9ePer PPEEO" stgndtVENnef168e RAd coR¥egisiOn C©igealie
can further be reduced. The abov%-descri ed qrganic

EL d”{%ﬁ%%/“d%%f%%t&%{ﬁ OWEPpPEalfz 8L eGSR gv Wigttal data

i high_di lity. Thus, th
i opt o BT P e PR rete i Btes 58 ke Breits are

rmbi%@o;garﬁ nﬁitezngggbgggéd%ﬁgr 'g?sg,y-lgfv%angr%afg&g ce .

di splay device is a ntageous appl
di sphayrdhth xﬁabaw%s%kﬂéf%%é%?% afd $YEN A% 35 the

| arge-si zed, high-definition display. Industria
Apploeebitstyf TheesBveltireAteanaedki 2epaf a¢ itH® constant

matri x di splay device that has a good display quality
evercunréfe maserywhéreuatdri PRusei thei kiighalntegialdty value
formed on a 25 substrate on which pixels are forned.
may be stored and retained. 1In this case, only one
constant current memory circuit 342 may be provided for
the video signal line 103, and the circuit scale can
further be reduced.

The above-described organic EL display device can
realize a display with a compact size and high display
quality. Thus, the display device is applicable to a
display for a mobile terminal. The above-described
organic EL display device is also advantageously
applicable to a display with a large waveform delay,
such as a large-sized, high-definition display.

Industrial Applicability

The invention can realize an active matrix display

device that has a good display quality even in the case

where a driver circuit is integrally formed on a

substrate on which pixels are formed.
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25 5 CLAI MS 1. An active matrix display device

conprising: a plurality of video signal |ines forned
on a substrate; a plurality of pixels which are
connected to the video signal lines and are operated

by current signals; and a video current supply section
whi ch converts a digital data signal, that is

supplied froman external 10 ci2Buit, to a

correspondi ng anal og current signal, and outputs the
anal og current signal to the associated video signa
line, the video current supplly zsectM & i ncl uding a
plurality of DA units which are disposed in

associ ati on A5 wcthveheatespectiispd ayi deoyrisiggradmprising:
l'ines, and suns up at |east one of a plurality of

gray- | ever PeRERAREY OSuNVAESOs séigne aws Birmed on a
digital data signal, thereby executing conversion to
the aWasbgeEdirent signal; a refresh pul se generating
circuit mhrcE 20 successrvel s refresh timn

pul ses fof P Bﬁ?ﬂ&FVlﬁ& Qlﬁlﬁrna ﬁéﬁ(ﬁﬁQﬁﬁ?Eﬁd %o che
storing?the evel ference curre

o1 ureifeo "SHIRAY At 88 2hRS58 RReHARTERY it sionals;

circyits which are disposed in association with the

respective video signal l|ines, 25 successively store
the anal og GUHEENLLTHERR Su (_d, sféaﬂ%n the @t Overts a
current signals as a batch Sai

digital data signal, that is supplled from an external
circuit, to a corresponding analog current signal, and
outputs the analog current signal to the associated
video signal line,

the videc current supply section including a
plurality of DA units which are disposed in association
with the respective video signal lines, and sums up at
least one of a plurality of gray-level reference
currents on the basis of the digital data signal,
thereby executing conversion to the analog current
signal; a refresh pulse generating circuit which
successively outputs refresh timing pulses for
controlling a timing for periodically storing the gray-
level reference currents in said plurality of DA units;
and output current hold circuits which are disposed in
association with the respective video signal lines,
successively store the analog current signals, and
output the analog current signals as a batch to said

plurality of video signal lines, and
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plurality of video signal lines, and 26 the output
current hold circuit including a transistor which

stores the analog current signal at a selection tine

and outputs the stored analog current signal at a
non-sel ection tine. 5 2. The active matrix display

devi ce according to claim1, wherein the DA unit
includes a plurality of constaRt current nenory

circuits which store and hold the gray-Ievel

reference currents, and switch circuits which select

out put s ofthehewgnst antrmantr émilaerorquidiOinciedihg &an
accordance with the data signals, and the DA unit

out pGrengisitgrawhdpty @toraghitdle isnalsumwfrenkel etgedl at a
constant currents, as the analog current signal. 3.

The &ELEFE1MEt tilxediadisl £ tdaihisd he coraliefy arplqg current
claim1, wherein the DA unit includes switch circuits
mhlcﬁlgéﬁecﬁtaamﬂﬂ%%%%%?%ﬁl%ﬁuQP%ﬁay | evel reference

currents an t basj,s, of t dat gnha
Comstant Zur AR e i Sp Y e ufle aqererane to

a sienaln gur LAl ehltnh%Ré SbAa R Ofy éﬁk&&é ed nl&flﬁ‘f'éf‘ﬁy of

currents, unit outputs t

curr QBBSQ%HEh%UI%@JtO%%ﬂ}ErBlI%&@ wlf‘lcﬂ_h@télﬁé ' ¥fd hold
matri x di splay device according to claim2 or 3,

wher ghe ighte yearStanty FWredte MRt $) r&ad tswBtd@n circuits
circuit which stores a constant current 25 that is

I Nnpuivhaicha sedleett it guit®e amduitquistdme c$t 088t memory.
constant current at a non-selection tinme, and
circuits in accordance with the data signals, and the
DA unit outputs a signal current, which is a sum of
selected constant currents, as the analog current
signal.

3. The active matrix display device according to
claim 1, wherein the DA unit includes switch circuits
which select a plurality of said gray-level reference
currents on the basis of the data signals, and constaﬁt
current memory circuits which store and hold a signal
current, that is a sum of selected constant currents,
and the DA unit outputs the signal current as the
analog current signal.

4, The active matrix display device according to
claim 2 or 3, wherein the constant current memory
circuit is a circuit which stores a constant current
that is input at a selection time and outputs the

stored constant current at a non-selection time, and

the constant current memory circuit includes a
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the constant current menory circuit includes a 27
transistor which is comonly used at the tinme of

storing and at the tine of output. 5. The active

matri x di splay device according to claim1l, further
conprising a scan driver which 5 executes a

sel ection/ non-sel ection control of the pixels, the

scan driver being integrally foihed on the substrate.

6. The active matrix display device according to

claim1, wherein the transistor is forned of a thin-

10 fitamsiansisvbichhishcomplondys useseditc didudtiore of

| ayer formed of polysilicon. 7. An active matrix

di sp$&gr deyi @@dc@hptlylgi igme @fployit®itt.y of video

signal lines formed on a substrate; 15 a plurality of

pi xel s whPeh ARe aGhANEt 8@ tEE *s HiFPhAM &8 % GhaACTFeHEENT to
and are operated by current signals; and g DA unit

whi chL2&mf br nEHrBhthéog‘EfE%Fﬂgge 2afFar S’ Sp vgttch

| east _one,of a plurality ,of gray-Ilevel 20 referen

cur reFESUbRCt Ae o BAEFE L8P/ BPYT CAT e S IR (Hatthe

are Led 0 .er.na Lrcyit., r-epy,

et E TRt Coner Sral BBkl dnnedr IR Megrmeg on the

DA ugitsipgtuyding a transistor; a capacitor connected
between a gate and a source of. the 25 transistor; a

first swi ch caeneetedhaiareak tdisgale danka fdf@brding to
of the transistor; a second switch which is
claim 1, wherein the transistor is formed of a thin-
film transistor which includes a semiconductor layer
formed of polysilicon.

7. An active matrix display device comprising:

a plurality of video signal lines formed on a
substrate;

a pluiality of pixels which are connected to said
video signal lines and are operated by current signals;
and

a bA unit which is formed on the substrate and.
sums up at least one of a plurality of gray-level
reference currents on the basis of digital data signals
that are supplied from an external circuit, thereby
executing conversion to an analog current signal,

the DA unit including a transistor; a capacitor
connected between a gate and a source of. the
transistor; a first switch connected between the gate

and a drain of the transistor; a second switch which is

connected to the drain of the transistor and supplies
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connected to the drain of the transistor and supplies
28 the gray-level reference current; a switch el enent
whi ch out puts the gray-level reference current on the
basis of the data signal; and a third switch connected
between the drain of the transistor and the switch 5
el ement. 8. An active matrix display device

conprising: a plurality of vid2® signal |ines forned
on a substrate; a plurality of pixels which are
connected to said 10 video signal lines and are

operiedybyy€levent ref gnahse andranbA anistviwldhcleliesnent
formed on the substrate and suns up at |east one of a

pl ureiicly oftguiy-tevegrayelevedceefereares corrneng on the
basi s of di%ital data signals 15 that are supplied
fropahlexeerae dateupignaher apy aekddyd wyitch connected
conversion to an _anal og current signal, the DA unit

bei REEERER gtltRdl¥diRei tBCatrRYLIFEPE 206 &R S
base current that flows in a direction different from

a diFEETRdNn of the gray-level 20 current, store a

di fferencg cugrent . between_t.he ar lLevel .curre Co
t he base §Urréﬁta5Flgesg EE%?oﬁgfiﬁéy %%%f%%ﬂ%éﬁpfgégng'

stored di £fgEaRce; EYr £ent ;a8 of 18 ANA! A9 ndifEMed on a
trme .

signal at a non-selection . active matrix
di sph@ys€gyt&e conprising: 25 a plurality of video

signal lines formed on a substrate;

a plurality of pixels which are connected to said
video signal lines and are operated by current signals;
and |

a DA unit which is formed on the substrate and
sums up at least one of a plurality of gray-level
reference currents on the basis of digital data signals
that are supplied from an external circuit, thereby
executing conversion to an analog current signal,

the DA unit being configured to receive a gray-
level current and a base current that flows in a
direction different from a direction of the gray-level
current, store a difference current between the gray-
level current and the base current at a selection time,
and output the stored difference current as the analog
current signal at a non-selection time.

9. An active matrix display device comprising:

a plurality of video signal lines formed on a
substrate;

a plurality of pixels which are connected to said
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a plurality of pixels which are connected to said 29
video signal lines and are operated by current
signals; a DA unit which suns up at |east one of a
plurality of gray-level reference currents on the
basis of digital data signals that are supplied from
an 5 external circuit, thereby executing conversion to
an anal og current signal; and 2% out put current hold
circuit which successively stores the anal og current
signals and outputs the analog current signals as
Vi ded dar reeignasl ghiathess tandaade 16ppkatalli by ohirvedéosignals;
signal lines, the DA unit being configured to receive
an anal ogg RArrvent whgohl samd apbateleasitepnet lodt a
flows in a direction different froma direction of '
t he FriEi gLt 1 ¥ edayi bpuel sebpschcHi FRELEREE OOr it&g basis
between the 15 anal og current_ signal and the base
cur dntdigitgl é@%t%%nﬂ-ﬁethaﬁdaéat aupptlﬁ@dstfép@d an
difference . current as deo current si EP

an

non-SSE &dtd ]on“ﬁ‘ﬁ‘élt Oth%rﬁ?éjl ?ﬁFCPBlBHaFB(j‘ 86&\}&%

whi ch u ne of a plurality of
gray éigm re? nce % g?én%sgon thepba5|s o¥ digital
dat a thataﬁ ?§Q£'SgrréﬁenheﬂdeéEQEﬁﬁk G Successively

thereby execut g conversion to an anal 0g current

si gnalord ek %ﬁé‘io? O-3PALAY sEQA¥EL! 8hdaChakaetkar ikaed
by conprising a constant 25 currént nenory circuit

whi cthd iMeBréndr 8Yghgysl asciifent candeatbadsignals to said
current that flows in a direction
plurality of video signal lines,

the DA unit being configured to receive an analog
current signal and a base current that flows in a
direction different from a direction of the analog
current signal, store a difference current between the
analog current signal and the base current at a
selection time, and output the stored difference
current as the video current signal at a non-selection
time.

10. A digital-to-analog converter which sums up
at least one of a plurality of gray-level reference
currents on the basis of digital data that is supplied
from an external circuit, thereby executing conversion
to an analog current signal, the digital-to-analog
converter characterized by comprising a constant
current memory circuit which rece;ves a gray-level

current and a base Current that flows in a direction

different from a direction of the gray-level current,



different froma direction of the gray-Ilevel current,
30 stores a difference current between the gray-|evel
current and the base current at a selection time, and
outputs the stored difference current as the.

gray-level, reference current or the anal og current
signal at a 5 non-selection tine.
30

stores a difference current between the gray-level

current and the base current at a selection time, and
outputs the stored difference current as the gray—level,
reference current or the analog current signal at a

non—-selection time.



