WO 2004/ 003877 PCT/JP2003/008153 1 DESCRI1 P T 1 0 N CURRENT DRI VE
APPARATUS AND DRI VE METHOD THEREOF, AND DI SPLAY APPARATUS USI NG THE
APPARATUSNVD 20ertoss7cal Fi el d The present invention rel at ®STHIB20@3/008152nt
drive apparatus, a drive nethod of the current drive apparatus, and a

di spl ay apparatus using the current 10, drive apparatus, and nore
particularly to a current drive appara%us including a structure to operate
a plurality of |oads by applying a predeterm ned current thereto, a drive
met hod thereof, and a display apparatus which displays desired i mage
information in a 15 display p | .b spn he current drive apparatus.
Background Art Cbnventionallysngh%r% #sikﬁotn%aolﬁght emtting elenent
type display including a display panel in which a plurality of organic

el ectrol um ne giéﬁgiéﬁéééﬁéggﬁgh wi || b%%referrqu%o as_"organic EL
el enents” her %ﬁ%@ S BEHIR BIEEHEN s  (which
will be referred to asme d% EL 'APW%fter), or

sel f-Isum nous type light emtting elenents (optical elenents) such as
light emtting 25 diodes are arranged in a matrix form As conpared with a
liquid crystal display (LCD) whrebhhasatonsiderably spread in recent
years, such a light emtting elenent type display has a higher

The present invention relates to a current drive

apparatus, a drive method of the current drive
apparatus, and a display apparatus using the current

10 - drive apparatus, and more particularly to a current
drive apparatus including a structure to operate a
plurality of loads by applying a predetermined éurrent
thereto, a drive method thereof, and a display
apparatus which displays desired image information in a

15 display panel by using the current drive apparatus.

Background Art
Conventionally, there is known a light emitting

element type display including a display panel in which
a plurality of organic electroluminescence elements

20 (which will be referred to as "organic EL elements"
hereinafter), inorganic electroluminescence elements
(which will be referred to as "inorganic EL elements"
hereinafter), or self-luminous type light emitting
elements (optical elements) such as light emitting

25 diodes are arranged in a matrix form.

As compared with a liquid crystal display (LCD)

which has‘considerably spread in recent years, such a

light emitting element type display has a higher



WO 2004/ 003877 PCT/ JP2003/008153 2 display response speed and no field
angl e dependency, an increase in contrast, realization of high definition
of a di spweyoiwmgey7qual ity and a reduction in power CcoORSEAIPLINZN0SAFE

possi ble. Further, a reduction in 5 thickness and wei ght of one layer is
possible since it does not require a back light as different fromthe
liquid crystal display. Thus, it has a_very excellent characteristic, so
that the light emtting el ement type aisplay has been studied and

devel oped vigorously as a 10 display of the next generation. Such a display
generally includes a display panel in which display pixels including |ight
emitting ePEPRIRE EPTPARFANTYLALE PRV E1 Al € Y2091 ¢ edpRRRFGRCY | nt er sect s
of scanning |lines arranggd in arow 15 direction d.dﬁt %ine .arranged in
2 colum P ITBIASS Hat SORFT9Sr/ WhPht GEnEPaI 8L A ph cdet BPLththed drive
current according.to. display data, and _supplies it.to each display elenment
t hr ough theoéa?a&l??%%¥,E%%%eag%%%hQYn%n rgvﬁ?éﬁﬁ%%%nc%ﬂs%%W%Fsplay 20

pi xels in 1 N r ter ctio by.. appl ying a
Ccanni ng s, BT e e e o B B P B e e e, by

causifg eacty; bkghls em bt 09,8t e&?”%né 01 pEELOL 0 Lhesihgbts eRELLE AY

operation with a predeterm ned brightness” gradation 25 according to the
di splay dat@oby mstngedherdriVvea&urieght SHPPhiedetOneachori spéay pixel,

desired image information is displayed in the display panel. A
liguid crystal display. Thus, it has a very excellent
characteristic, so that the light emitting element type
display has been studied and developed vigorously as a

10 display of the next generation.

Such a display generally includes a display panel
in which display pixels including light emitting
elements are arranged in the vicinity of respective
intersects of scanning lines arranged in a row

15 direction and data lines arranged in a column
direction, a data driver which generates a predeter-
mined drive current according to display data and
supplies it to each display element through the data
lines, and a scanning driver which causes display

20 pixels in a predetermined row to enter a selection
state by applying a scanning signal with a predeter-
mined timing. In such an apparatus, by causing each
light emitting element to perform the light emitting
operation with a predetermined brightness gradation

25 according to the display data by using the drive
current supplied to each display pixel, desired image

information is displayed in the display panel. A



WO 2004/ 003877 PCT/JP2003/008153 3 concrete exanple of the light emtting
el emrent type display will be described in detail in conjunction with a

| at er - deswoi2beossmrodi nent. Here, in the display drive ep&uaioanosiss t he 5
di splay, there are known a current specification type drive node which
sequentially repeats in accordance wth each row for one screen the
operation which generates drive currents having individual current values
according to the display data with respect to a 10 plurality of display

pi xel s, sinmultaneously supplies the currents to the display pixels in a
specific row and causes the light emtting el enent of each display pixel
to emts théoppﬁﬁFewﬁﬁﬁmElﬁr@éegéﬁnﬂhgétbﬁmgﬁﬁﬁégseéﬁ@@étl§ﬁpeand a pul se

wi dt h nodul ati o WW type drive node which sequentially repeats for
one screen Hépgﬁ¥r§9 Enbﬁhﬁéﬁc§&ﬁﬁﬂlé§ geited Lo dir 6ARd UnRAYPAg WA thi xed

current value with i.ndivi ths (signal wi dths) according to the
di spl ay dat& m%?ﬁtP@écfégﬁgpﬁﬁhggﬁp§ngf t he display pixels to the 20
di spl ay pixel s |ﬁe§esp§%pE%% QW %lay %%l%ane %E% %%a od and causes

each light emtting €l enent to € i gRC Wt 5 St er ni ned

bri ghtness aaégﬁgyonthggetaégekﬂb%ﬁlaycq E%ﬁtogﬁ% g&gegtlgg tgg've

currents havin edet ermn current val ues or | Xe rent val ue
according tgrthe dhgpl %Hl@ﬁt%e@fﬁ%ht@ﬁli';}pQEb%gt%olﬁ BLepakbhyeof the

di splay pixels in each row at the same"tinme or within the sane display
peri od. with each row for one screen the operation which
generates drive currents having individual current
values according to the display data with respect to a
10 plurality of display pixels, simultaneously supplies
the currents to the display pixels in a specific row
and causes the light emitting element of each display
pixel to emits the light with a predetermined
brightness gradation, and a pulse width modulation
15 (PWM) type drive mode which sequentially repeats for
one screen the operation which supplies drive currents
having a fixed current value with individual time
widths (signal widths) according to the display data
relative to a plurality of the display pixels to the
20 display pixels in a specific row in the same display
period and causes each light emitting element to emit
the light with a predetermined brightness gradation.
In these display drive operations, the drive
currents having predetermined current values or a fixed
25 current value according to the display data must be
supplied to a plurality of the display pixels in each

row at the same time or within the same display period.



WD 2004/ 003877 PCT/ JP2003/008153 4 In order to cope with realization of
high definition and a |large screen of a thin display device in recent
years, thwoeoi400B876wWn a di spl ay having applied thereto PETAP2OB0I8153
configuration which includes a plurality of 5 driver chips (sem conduct or
chi ps) each having a predeterm ned nunber of output term nals as the above-
descri bed data drivers, individually generates the drive currents in the
respective driver chips and supplies fhe drive currents to the respective
light 10 emtting elenents through a data |ine at the sane tinme. The

di splay to which the above-described data, driver including a plurality of
the driver tRipEfE tappPPedWAER FReLLBRFOMNNGTphéBRertliThEIEBNVeNt i onal

data driver_having a glurality 15 6.th .driver chips includes a circuit
used to inﬁ?%iaug?Fg gefREPEe ] arﬁ éncg?FEh?yiﬂGE&ESrHQnEECERFth each
dri hi h t t k - I | h [
curronts t 6YEREST oEpBERi bE KGR el VBt hY Sruntic dP BB he%Febect i ve

driver chips 89raﬂigue8nfgggﬁg£&¥ﬁ aﬂﬁeﬂtiﬁsiahgglghgingsfieyeofwhen

irregularities are genera I'n current values o rive-currents

out pugted fHom;arPEHEBLT (%ol cbREUEELY¥EENIS8) PSach! h§9YHhgr ki1 €s occur in
the light emtting state in each display pixel (brightnéess gradation of

the 25 |ighpreqetéingnelienenbrr 8Bdotibpudi sekaynhetenggensi k¥ovks produced.
Thus, irregularities in the drive currents nust be suppressed as nuch as
possi bl e betigseenibed data drivers, individually generates the
drive currents in the respective driver chips and
supplies the drive currents to the respective light
10 emitting elements through a data line at the same time.
The display to which the above-described data
driver including a plurality of the driver chips is
applied has the following problems.
The conventional data driver having a plurality
15 of the driver chips includes a circuit used to
individually generate a drive current in accordance
with each driver chip and has a structure to simultane-
ously supply the drive currents to the respective light
emitting elements from the respective driver chips
20 through respective output terminals. Therefore, when
irregularities are generated in current values of the
drive currents outputted from a plurality of the driver
chips, irregularities occur in the light emitting state
in each display pixel (brightness gradation of the
25 light emitting element), and the display heterogeneity
is produced. Thus, irregularities in the drive

currents must be suppressed as much as possible between



WO 2004/ 003877 PCT/JP2003/ 008153 5 the respective driver chips and between
the respective output termnals. However, in the field of a sem conductor
manuf act uwe 2vehss’que, there is known the fact that 5 iPCEJRR@BNISIES are
necessarily generated in the elenment characteristic of function el enents
such as transistor elenents, resistance el enents or capacitance el enents
formed on the sanme sem conductor chip. Such irregularities in the el enent
characteristic can be 10 suppressed te some degree by, e.g., optimzing
manuf acturing processes, but they cannot be conpletely elimnated.
Further, there has been reported the fact that irregularities in the
nunber of |F%%r¥?§P9?Bh§e ﬁrlﬁﬁénﬁBFESbé%@n%eFﬁﬁaﬁlPg?yraéPaﬁFlMFth a
reduction in %5 de n, m ni mum di mension applied to the transistor

el enents and*FPre E?g??9?2§ are thereby generated in a threshold val ue or

the mobility. Th refore t he r % emthat it very difficult to
greatly inprove ﬁﬂgelFFégﬁPa$EF| %e}ﬁ ﬁmaFPQQuEEPFentS bet ween the
out put ternﬁgﬁu§a8§%£Qe Qéhﬂf&ugh'Pﬁ F8us dkﬂgﬁntQh&h%aéP°¥ﬁagescr'bed

irregularitres in enen aracteristic usin only a“techni que of
opti n zi ng 1??e&@ﬂ&£§€&éé'£9e Hé@&@ééf%l eﬁHEéE@&”@ﬁethé'8$8m&ﬂ€re is a
l[imt in the nuhb output termnals can be set in one seni-

conduct or CBh@rQ@@e%@sﬁlérQb|Eﬂh@%l@ﬂ ém€ﬁ§ﬁ§§ kfich as transistor

elements, resistance elements or capacitance elements
formed on the same semiconductor chip.. Such
irregularities in the element characteristic can be

10 suppressed to some degree by, e.g., optimizing
manufacturing processes, but they cannot be completely
eliminated. Further, there has beén reported the fact
that irregularities in the number of impurity atoms in
channels become relatively actual with a reduction in

15 design minimum dimension applied to the transistor
elements and irregularities are thereby generated in a
threshold value or the mobility.

Therefore, there is a problem that it is very

difficult to greatly improve the irregularities in the

20 drive currents between the output terminals of the
driver chips caused due to the above-described
irregularities in the element characteristic by using
only a technique of optimizing the manufacturing
processes.

25 Furthermore, since there is a limit in the number
of output terminals which can be set in one semi-

conductor chip due to a problem of an increase in



WO 2004/ 003877 PCT/ JP2003/008153 6 signal delay owing to an increase in
wiring length or to a reduction in production yield with an increase in
t he nunbewoahosloasments in one chip, the data driver nu®CThR200808358ri Y
configured by using a plurality of 5 the driver chips. If the sem conductor
chips are different fromeach other, irregularities in the drive currents
between the output termnals further becone large, and it is very
difficult to suppress irregularities n the drive currents in the sane
driver 10 chip while suppressing the sanme between the driver chips. As a
technique to correct_irregularities in the drive currents in the driver
chip, thereSieEh&khodlay PBERG BRePhiBRTRSRt FBNULFYEr b6PEER @Xcurrent
setting 15 égsistance in accordance with anlgut ut termnal of  each driver
n

chip and i nd? vi dO&FHG AR st sPROFBEFSPRN¥ERe LT Al EhantHECEGP?%ninsett:ng
i st .o n thi t echni wh th b f th tput term nals
brovi ded o P ReSRRE oFF VEF ORI £ NaFcalok; 5B°adf 08t FEMVSBI each |
Csetti . . o ot ' .
e and oot 7 BEhELa00e DEOrEA e GARY 68 Rcpfch BLIEAL LM ot on'

becornes |arge. JhepefotRipkt |$£Nphe §éﬁlé@h&ué§oﬁ LEEPYI Qug to suppress
irregularities in 25 the drive currents between the respective output
termnals. dheretene, riOmOELEh bOn8HPPELESghiALOHL AL thegnkNdrive

currents between the output terminals further become

large, and it is very difficult to suppress

irregularities in the drive currents in the same driver

10 chip while suppressing the same between the driver
chips.

As a technique to correct irregularities in the
drive currents in the driver chip, there is known a
technique which additionally provides a current setting

15 resistance in accordance with an output terminal of
each driver chip and individually adjusts a resistance
value of the gurrent setting resistance. In this
technique, when the number of the output terminals
provided to the same driver chip is increased,

20 adjustment of each current setting resistance becomes
complicated, adjustment requires a long time and cost
and a resistance setting area in the circuit
configuration becomes large. Therefore, it is not
suitable as a technique to suppress irregularities in

25 the drive currents between the respective output

terminals.

Therefore, in order to suppress irregularities in



WO 2004/ 003877 PCT/ JP2003/008153 7 the drive currents between the output
termnals in the sane driver chip while also suppressing irregularities
bet ween tWe 2ded/008877chi ps, a conplicated and | ar ge- scal e PCEIJP2ZI0OBD08153
configuration nust be added between the 5 respective output term nals and
bet ween the respective driver chips. Therefore, the data driver including
the driver chips and thus the apparatus scale of the display are
i ncreased, and there is a problen1that7a product cost is increased. 10
Mor eover, as described above, in the display in recent years, although
realization of further clearness of gradation display is demanded with
real i zati ontBf dRiiyR geErRRESoRetWeehe thesphaputnbgemanallist yn the |i ght
emtting el enent t Be diﬁ Iaﬁ whi ch_has been currently 15 devel oped has a
probl em t haf2"f Hﬁg A6t © EQC Balee§%§8I?gﬁﬁﬁﬁﬁsépgalFé@ﬁH#éﬁétﬂésgenerate
an anal og ﬁ &ut Si nad whi ch gan realize uff|C|eg % adaﬁlon
di spl ay whe E f&Pat ﬁg a1dFFvEREEPr efit CORR Fﬁ@ g 3RS bG*9FgASPL€onponent
froma digi u b o]

Ol Labelipuberd: hgg%& ﬁ? P be ggaegn§§%W¥8 k%@urrent drive

di gital -to-analog conve Sion: osure o

appar gt us aEEnggegvﬁoohEggEr%égﬂanaﬂgvgﬂh'Bgtagéna%h%d¥@$bgg%lbg SUppress

|rregular|t|e 5in cu nts et ween Output term a current drive
appar at us WBkaeQD@h@bgs bynhapRieyrBY 6HEr gALS HRiderPhiHkalbt hgotnkoads, and

al so suppress irregularities
driver chips and thus the apparatus scale of the
display are increased, and there is a problem that a
product cost is increased.

10 Moreover, as described above, in the display in
recent years, although realization of further clearness
of gradation display is demanded with realization of
high definition in the display image quality, the light
emitting element type display which has been currently

15 developed has a problem that it has not reached
establishment of a technique to generate an analog
output signal which can realize the sufficient
gradation display when generating a drive current
having an analog signal component from a digital input

20 signal which becomes display data by digital-to-analog
conversion.

Disclosure of Invention
A current drive apparatus according to the present
invention has an advantage to suppress irregularities

25 in currents between output terminals of a current drive
apparatus which operates by applying currents to a

plurality of loads, and also suppress irregularities



WD 2004/ 003877 PCT/ JP2003/ 008153 8 between chi ps when the current drive
apparatus constructed by a plurality of driver chips. Further, it has an
advant agewDaooiasn t he excel |l ent di splay characteri stiPCT@P2d03/d083fd ay
irregularities being 5 suppressed in a display apparatus including the
current drive apparatus. To achieve this aim according to a first current
drive apparatus of the present invention, there is provided a current
drive apparatus which operates a 10 plurality of |oads by applying currents
thereto, <conprising: a plurality of output termnals to which the |oads
are connected, respectively; a siqﬁ%e current %fneration circuit which

out puts anP&Ietesny FIEH MESR RSV ING TE T SdetS MRS A ent val ue; and a
plurality 15 of curre st orage ci.rcuits which are provided.in accordance
b Ehoeach GPTREISHELEN & MOGER L Cia st Serath yHrateh 40 T | he
operating rrent _an il t aneousl.y .ou t | r sed on the
operating g&r rheanst at%o%t%vzéngé eecq:t%l \%%D%iu]t pltjbt%%t ee(r;{ndlen%e?JJ éﬁ%tﬂ?g operating

current ha%H%ﬁﬁmﬁﬁﬂk;%ﬂlﬁiﬁyQﬂEgggng%r uﬂﬁﬁﬁgﬁéig%%%gtrmacurrent

storage circuit 1ncludes a volta nponent th on which fetches

the soperatd g WYIRN oW RUIEAG f P dhe e UninNtudenenald @hrdicui t and
hol ds a vol tage conponent corresponding to 25 a current value of the

operating euir@ntzppidhitidde vol tage conponent holding portion has a
capacitance elenment in which an electric charge corresponding to
To achieve this aim, according to a first current
drive apparatus of the present invention, there is
provided a current drive apparatus which operates a
10 plurality of loads by applying currents thereto,
comprising: a plurality of output terminals to which
the loads are connected, respectively; a single current
generation circuit which outputs an operating current
having a predetermined current value; and a plurality
15 of current storage circuits which are provided in
accordance with each of the output terminals,
sequentially fetch and hold the operating current and
simultaneously output drive currents based on the
operating current to the respective output terminals.
20 The operating current has a current value according to
an input signal, the current storage circuit includes a
voltage component holding portion which fetches the
operating current outputted from the current generation
circuit and holds a voltage component corresponding to
25 a current value of the operating current, and the
voltage component holding portion has a capacitance

element in which an electric charge corresponding to



WO 2004/ 003877 PCT/JP2003/008153 9 the operating current is witt
of the current storage circuits preferably includes a pair of cur

st orage swotewm®3swi ch are arranged in parall el

en. Each
r ent

and i n PamiJetroxnosafEr ati on

to fetch and hold the operating 5 current and an operation to output the
drive current based on the held operating current are alternately
out in parallel, or includes current storage sections on front an
stages which are arranged in series afd in which an operation to
hol d the 10 operating current and supply the held current to the

storage section on the rear stage and an operation to fetch and h

suppl i ed cuFP&nPPSRat1iBgL FULTER

a4pi velsberent Epgbe@fofheneunaskatc

are carried_out in parallel. 1??The current drive apparatus may i

si gnal

i nplt OtaPPefit “SHOFEgBTE

CaPLYhéPREBACENE BarreRl CYERERAL

[ it d I Lity.of the. t t . Ci its, which, f
ol ds 1 he opEPALPRg BtFaNF ARGCEUBFI B5TATUAN Lt PBASAY ConaPie the
OPeT A 09 SHRIER! ahDoBeRLHiBh LY RLcLACAUI BBk Thet A8, EhbG! 12

the drive currents

e Sane curren ue at t

termgals, apdrehpchideaa eggigtmhﬁtboceakﬁek %h@cu&&v@hgggrgg@tro
f t i W

pul se width of each o

the drive curren accordance R an

carried
d rear
fetch and
current
old the
urrent
ncl ude a
i on
t ches and
ld 20
so t hat
out put
ls a

i nput

signal . Prebgsall ¥n ahel Bash dpRLHEahpt YuelchRe ¢l bERErnaERAGIe Circuits
and the output termnals in the

10

15

20

25

carried out in parallel, or includes current storage
sections on front and rear stages which are arranged in
series and in which an operation to fetch and hold the
operating current and supply the held current to the
current storage section on the rear stage and an
operation to fetch and hold the supplied current and
output the drive current based on the held current are
carried out in parallel.

The current drive apparatus may include a signal
input current storage circuit between the current
generation circuit and a plurality of the current
storage circuits, which fetches and holds the operating
current and supplies a current based on the held
operating current to a plurality of the current storage
circuits so that the drive currents have the same
current value at the respective output terminals, and
include a pulse width control circuit which controls a
pulse width of each of the drive current in accordance
with an input signal.

Preferably, at least a plurality of the current

storage circuits and the output terminals in the



WO 2004/ 003877 PCT/JP2003/008153 10 current drive apparatus are fornmed on
at | east one sem conductor chip, and the current generation circuit 1is
formed orwe 28ewmiossyiduct or chip different fromthe formPCTgemos/oosdssct or
chip or fornmed in the fornmer 5 sem conductor chip. To achi eve the
above-descri bed aim according to a second current drive apparatus of the
present invention, there is provided qh urrent drive apparatus which
operates a plurality of |oads by applyi % 10 currents thereto, conprising:
a plurality of output termnals to which the |oad are connected, respec-
tively; a si ference current generation circuit. which generates and
out put s a|ﬂ%ﬁ%ﬁ%§§ % LR HRACRIUS (AT ent QTReYi oy ebirkeatt vakees different
fromeach 1 hess . one_reference current storage cjijrcujt which
f et ches andqﬁgﬁdg&gggﬁt%fqg%ggbl%?gJF Y %?rr?%éeg%%% ATHPR emt & RhE out put s
aplurality of syagatign or & e b on the respective
reference currents; a pliriﬁﬁiygﬁﬁhéﬁﬁ%eﬁéf%e§£$§?$%%tcf?%%i €20 whi ch

sel ect any ofo#der r@é@%ﬂd@c@i@d@ﬁiﬁ%feﬁ@frﬁ@&%nﬁ%}?é eg(g éalnd generate a

gradation current in accordance wth an Input sig nd a plurality of

currert st oageeidutids aigh sequentially fetch and hold the respective
gradation currents and sinultaneously output 25 drive currents based on the

gradation current®o tachheve respesibo ve-Qat Pribéer Mmal sccdhgi K gfesence
current generation circuit can include a plurality of reference

a second current drive apparatus of the present
invention, there is provided a current drive apparatus
which operates a plurality of loads by applying

10 currents thereto, comprising: a plurality of output
terminals to which the load are connected, respec-
tively; a single reference current generation circuit
which generates and outputs a plurality of reference
currents having current values different from each

i5 other; at least one reference current storage circuit
which fetches and holds each of the plurality of
reference currents and outputs a plurality of gradation
reference currents based on the respective reference
currents; a plurality of current generation circuits

20 which select any of the respective gradation reference
currents and generate a gradation current in accordance
with an input signal; and a plurality of current
storage circuits which sequentially fetch and hold the
respective gradation currents and simultaneously output

25 drive currents based on the gradation currents to the
respective output terminals. The reference current

generation circuit can include a plurality of reference



WO 2004/ 003877 PCT/JP2003/008153 11 current generation sections which
generate and output the respective reference currents and are arranged in
par al | el ,woheod/aopgry si gnal is a digital signal having aPrPCpliee@bioesgsof bits,
and a current value of the reference 5 current outputted fromeach of the
reference current generation sections can have a wei ght corresponding to
each bit of the digital signal. The reference current storage circuit
preferably includes a plurality of reference current storage sections which
individually 10 fetch the respective reference currents outputted from

the referenc n tion circuit, hold voltage conmponents
correspondingugggéﬁebﬁggggﬁﬁpyeS?&Fé?@ﬁcghlE r FEREE 2&/d 288Gt pUtPLLte

gradation retgeepgao Uik eat on.the respective voltage conponents,
and each of 15 the gurr%ﬁ? §S§§?§§?Sng8FF88FFs Qélé&?saﬁﬁﬁnaﬁdtﬁé
gradation repgrencel1GUEhent §,Qut py . .0 1e. . respectivye, reference

current storage sect?ons based o%gbgggiégvg}EggéFa?hglﬁﬂﬁgthéyéﬁgl? adds

the sel ect edplgradatiyosrr i eEeNERACHr FEPL-ARd rgkegythe gradation 20
current. The current storage circuit can Fnclgggﬂg SEO?Pégge28ﬁ§888nt

hol di ng por t fenrehtcbutptiched them gaaBabiORhEUREEREQULPULEEd, Erom the
current generation circuit and holds a voltage conponent corresponding to

a current vajeredhtipe geatavhsn canrkave andeiéﬁt250¥9é5§8§d$8?p989nt
hol di ng portion has a capacitance elenment in which the an electric charge
corr espondi ngACR Pt heo §r Bldat doai tak r ehgnas. w The ene 8sréhee Veht 288
storage circuit preferably includes a plurality of
reference current storage sections which individually
10 fetch the respective reference currents outputted from
the reference current generation circuit, hold voltage
components corresponding to the respective reference
currents and output the gradation reference currents
based on the respective voltage components, and each of
15 the current generation circuits selects any of the
gradation reference currents outputted from the
respective reference current storage sections based on
a bit value of the input signal, adds the selected
gradation reference current and generates the gradation
20 current. The current storage circuit can include a
voltage component holding portion which fetches the
gradation current outputted from the current generation
circuit and holds a voltage component corresponding to
a current value of the gradation current, and the
25 voltage component holding portion has a capacitance
element in which the an electric charge corresponding

to the gradation current is written as the voltage



WO 2004/ 003877 PCT/JP2003/ 008153 12 conponent. According to a display
apparatus of the present invention, there is provided a display apparatus
whi ch suwupwpl20e00387dri ve current corresponding to a di splpay/JB28/gesas3 t 0 each
di spl ay pixel of a display panel including a plurality of display pixels,
conprising: a display panel which includes a plurality of display pixels
havi ng optical elenents which are arranged in the vicinity of
intersections of a plurality of 10 sc ing lines arranged in a |line
direction and a plurality of signal lines arranged in a row direction; a
signal drive circuit including any of a structure of the first current
drive appar@PHRONRIER |ncludes a single current generation circuit which

generates and 1 out@uts gratlng current haV|ng a current val ue
based on the di spF&a§*-sigHalC 1§PhP¥r GPPRYA6EScArr Ehe PERSRRGe circuits

whi ch ded d t t I
sequent i al | ¥ Fr§¥'%?§ho%2e9ﬁ%%éri??ﬁag“xaaﬁén? BLERREY cBP PP ERE PR EL P ont

generation_ ﬁi{&gl% $€9V§| ogg%X?% OHHl%gl 5|Vﬁggg£gent based on

the operating curren 7Ya structure

of the secogd, ﬁmr@@tegéhvgw pgg giyélw@fcg agggyggu?gnéwg' e reference

current generatlon circuit enerates an s'a 25 pIurallty of
reference ciureendsndayi POusaliept o¥ahugs1agi Mﬁéf@t EoRpreachqot ger,

| east one reference current storage circuit which fetches and hol ds the

display panel which includes a plurality of display
pixels having optical elements which are arranged in
the vicinity of intersections of a plurality of

10 scanning lines arranged in a line direction and a
plurality of signal lines arranged in a row direction;
a signal drive circuit including any of a structure of
the first current drive apparatus which includes a
single current generation circuit which generates and

15 outputs an operating current having a current value
based on the display signal, and a plurality of current
storage circuits which are provided in accordance with
the respective signal lines, sequentially fetch the
operating current outputted from the current generation

20 circuit and simultaneously output a drive current based
on the operating current to a plurality of the signal
lines, or a structure of the second current drive
apparatus which includes a single reference current
generation circuit which generates and outputs a

25 plurality of reference currents having current values

different from each other, at least one reference

current storage circuit which fetches and holds the



WO 2004/ 003877 PCT/ JP2003/ 008153 13 respective reference currents and
outputs a plurality of gradation reference currents based on the
respecti WeO 20@ff@B&Iice currents, at |east one current gemETAP2B/00885x cui t
whi ch sel ects any of the respective reference 5 currents and generates and
outputs a gradation current, and a plurality of current storage circuits
which are provided in accordance with the respective signal |ines,
sequentially fetch and hold the gradatﬂén current outputted fromthe
current generation circuit, 10 and sinultaneously output a drive current
based on the radation current to a plurality of the signal lines; and a
scanni ng dr FNFEPEGENG BRfesiR priE s tec andd mytitgha rissk ity

sequential ly sel ect .the displa i xel s connected to the scanning |ines,

t he opti cal Oé_ls @E@r‘?:aﬁ%?niﬁf%e‘%}%pl%vrﬁ% BeaAchema fheyHte sl

el ement, an th% optical el.ement having an organic electro , | um nescent
efer e 4%1

el ement . AdditiCORA” ol B Td Haviaintag 88l VERSGTIGR 11 be set
forth in the. G P ol | - and 20 in.,part will be obvious
Z198 Riioh %lce%eg 3 an%‘%;& %heprr SCEICE of° thHe §ARSR i on.

fromthe description, or may ea by of The

obj ects and ¢ 2¢a238% Yerddi v enld %Qlt%sb% rgq:aald-[alzt?%naﬁq)fr%tr)lttai ned by

nmeans of the instrunentalities and conbi ons “par a pol it ed out

Whi ch are. | near porated i and cenet T R B o
provided in accordance with the respective signal
lines, sequentially fetch and hold the gradation
current outputted from the current generation circuit,

10 and simultaneously output a drive current based on the
gradation current to a plurality of the signal lines;
and a scanning drive circuit which outputs a scanning
signal used to sequentially select the display pixels
connected to the scanning lines, the optical element in

15 the display pixel having a light emitting element, and
the optical element having an organic electro
luminescent element.

Additional objects and advantages of the invention
will be set forth in the description which follows, and

20 in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.

25 Brief Description of Drawings

The accompanying drawings, which are incorporated

in and constitute a part of the specification,



WO 2004/ 003877 PCT/JP2003/008153 14 illustrate enbodi nents of the

i nvention, and together wth the general description given above and the
det ai | ed we=004/qp8870n of the enbodi nents given bel ow, s@CTarP23/e0853ai n the
principles of the invention. 5 FIG 1 is a primary structural view show ng
a first enbodinment of a current drive apparatus according to the present
invention; FIG 2 is a circuit structur h view show ng a concrete exanple
of a current generation circuit 10 apptrcable to the enbodinent; FIG 3 is
a circuit structural view showing a concrete exanple of a structure

consi sting ot rrent torage circuit and a switch circuit applicable to
the enbodi n%rlm?}lg%agfeé@ﬁﬁlé{%&tﬁsoir &hgoRedphtaPryi éRs sharithgra basic
operation inythg r rage ci.rcuit applicable to the enbodi ment;

FIG 5Ais awviemﬁg% ?%EgééﬁvggéﬁFlE%ﬁ8Bi91 RBWERGVea 286 tBEure when an

el ectric chaggeai$-acguaula N <2 apaci.t ance between a gate and a
source of a transistor; %|E?QBE Ps gh§r§8§°§ﬁ8ﬁPﬁa g V&HedeiR¥nge in

vol tage of tbereapasi Lapegiwhen-tpeig LC.&h e.Ls ccurmul ated in the
capaci tance between theﬁga%e ang ?hé kgg&égu?geﬁég %hgePgéﬂgrstor; FIG 6

is a pbimary strugtorall visew phowaRg atreenndiehagh apal, af & current
drive apparatus
first embodiment of a current drive apparatus according
to the present invention;

FIG. 2 is a circuit structural view showing a
concrete example of a current generation circuit

10 applicable to the embodiment;

FIG. 3 1s a circuit structural view showing a
concrete example of a structure consisting of a current
storage circuit and a switch circuit applicable to the
embodiment;

15 FIGS. 4A and 4B are conceptual views showing a
basic operation in the current storage circuit
applicable to the embodiment:

FIG. 5A is a view of an equivalent circuit showing
a structure when an electric charge is accumulated in

20 a capacitance between a gate and a source of a
transistor;

FIG. 5B is a graph showing an aged change in
voltage of the capacitance when the electric charge is
accumulated in the capacitance between the gate and the

25 source of the transistor;

FIG. 6 is a primary structural view showing a

second embodiment of a current drive apparatus



WO 2004/ 003877 PCT/JP2003/008153 15 according to the present invention;
FIG 7 is a primary structural view showng a third enbodi nent of a
current dwDweeodAppsIrat us according to the present I nvenPCOIP2®O3MISE3 8 i s
primary structural view showing a fourth enbodinment of a current drive
apparatus according to the present invention; FIG 9 is a primary
structural view showing a fifth enbodinent of a current drive apparatus
according 10 to the present inventi onl5FIG 10 is a primary structural

vi ew showi ng a

the present invention; FIG 11 is a primary structural view showng a 15
1ng &P cithe eteshitv el mpdriaas  according to the present

sevent h enbdtft
i nvention; FIG
enbodi nent of a

si xt h enbodi nent of a current drive apparatus according

S rimary, structural view showing an eighth
é%[rdﬁ‘en? fﬁ i Bt ULG o Hi BEEY oS ReIEL R exent

i nvention; F 3. is a.priyrary structural view showing a ninth

enmbodi ment (2)‘1})“ laIJ C(F:-luerngbeon ﬁnaerrllt\eeoggapaﬁuéﬁ%&a § RPPAF e HicsseHing

i nventi on; '%oGtIQeAffﬂxSe%ar&ChL‘?ﬂPetdt%oﬁ{‘-rUCt ural view showi ng an exanple of
a di

entire structure o

i nventsi on; FI G

splay appardtus 25 according to the present

5rd s @ D ofko,iagr AR ShAW G 2 PEd B, 3 ust ure of a

data driver, a scanning driver and a
fourth embodiment of a current drive apparatus

according to the present invention;

FIG. 9 is a primary structural view showing a

fifth embodiment of a current drive apparatus according

10 to the present invention;

FIG. 10 is a primary structural view showing a

sixth embodiment of a current drive apparatus according

to the present invention;

FIG. 11 is a primary structural view showing a

15 seventh embodiment of a current drive apparatus

according to the present invention;

FIG. 12 is a primary structural view showing an

eighth embodiment of a current drive apparatus

according to the present invention;

20

FIG. 13 is a primary structural view showing a

ninth embodiment of a current drive apparatus according

to the present invention;

FIG. 14 is a schematic structural view showing an

example of an entire structure of a display apparatus

25 according to the present invention;

FIG. 15 is a block diagram showing a primary

structure of a data driver, a scanning driver and a

a

to

an



877 PCT/JP2003/008153 16 display panel applied to the display
2€L§?g?C203according to the enbodinment; FIG 16 is a schematic strggtural
vi ew showpgoosnessier exanpl e of a scanning driver appl iPEW/JP2O0B/NES15H "
di spl ay apparatus according to the present invention; FIG 17 is a_C|[cu
configuration view showing an exanple of a basic structure of a EIXE
drive circuit applicable to the dlspla¥ apparatus according to the y
present invention; 10 FIGS. 18A and 18B gre conceptual views respec Lve y
showi ng a basic operation in the pixel drive circuit applicable to the

[ ;R ' Lm hart show.ng a display timng of inage
?g?g?hgf?gh EggFﬁéng§B%%;5§%33F§t§§ Egéo@dﬁ%éaylﬁppér@ﬁésenbodlnen;; ?nﬁl
[ ' ' i [ ture of sti
FIG 20 is a c:-hl nam showing a primary struc
anot her exan%?ggggg%getgdggglg§%§8%%F3Fas according to the present

i i L i A current drive
nvention. Best Mede fag ¢arLyikpg (Ut the.lov ntign 20 , (
;pparatus, a drive method thereo?? aﬁ% 8 L GPSEEF g &N At RO B Inhi ch t he

) . . ) ) ion
t drive ar akugpis 8PPhi 8daRREALALDY, LR LAS, pLESENt [ nven
&#{{GEOM/be dggg??bed baged on illugtratéd en%oglngﬁ%s? FlPsF,ea current

! . ; i i W th
ef erente Lo the  Bceompany ag drans naa Chey 3805, 65557 BEER 85805 bos153
FIG. 17 is a circuit configuration view showing an
example of a basic structure of a pixel drive circuit
applicable to the display apparatus according to the
present invention;

10 FIGS. 18A and 18B are conceptual views
respectively showing a basic operation in the pixel
drive circuit applicable to the embodiment;

FIG. 19 is a timing chart showing a display timing
of image information in the display apparatus according

15 to the embodiment; and

FIG. 20 is a schematic block diagram showing a
primary structure of still another example of the
display apparatus according to the present invention.

Best Mode for Carrying Out the Invention

20 A current drive apparatus, a drive method thereof,
and a display apparatus to which the current drive
apparatus is applied according to the present invention
will now be described based on illustrated embodiments.

First, a current drive apparatus and a drive

25 method thereof will be described with reference to the

accompanying drawings.



17 <First Enbodi ment of Current Drive Apparatus> FIG 1 is a primary
structural view showing a first enbodinent of a current drive apparatus
accor di ngwotoo4/dees7pr esent i nvention. 5 The current driveCappzo0anesiss
according to the first enbodinment has a structure to sequentially hold a
current with a predetermined current value supplied froma single current
generation circuit in a current storage circuit provided in accordance

wi th each output 10 term nal and there f't er si mul t aneously output the
currents to |loads (display elements) through each of the output termnals.
As shown in FI.G /1, the current drive apparatus according to this

enbodi nent  SGnprits o igiend @f1§uéﬁrqr€ntDlijé’r?elﬁé%Ha§r@td4%>cui t 10A which
dirrent value usddio ko APt & et S SRR A di Spl ay

ShiTe T gt Star S50 TORIRTON Sdre Bt hier SBATATG e THur | ng
at er- descr hog e SR BB, T oA a bl ural i ty of current .

storage Circuits 13QA et aE W QA% ik aagfé&%a@f%e o oYL
termnals Tout, 25 sequentially fet§% and hold (store) the 5%efat|ng
current lc %mb@bﬁ@@nﬁrﬂﬁstBes&&h@%@&e@@ﬁﬁEﬁ%%f&hﬂ%dﬂl tho1l0OA Wi th a

predeterm ned timng based on the shift WO 2004/ 003877 PCT/ JP2003/ 008153
current with a predetermined current value supplied
from a single current generation circuit in a current
storage circuit provided in accordance with each output

10 terminal and thereafter simultaneously output the
currents to loads (display elements) through each of
the output terminals.

As shown in FIG. 1, the current drive apparatus
according to this embodiment comprises: a single

15 current generation circuit 10A which generates and
outputs an operating current Ic having a predetermined
current value used to control a drive stage of each
load LD (display element) connected to each of a

' plurality of output terminals Tout; a shift register

20 20A which sets a timing when supplying the operating
current Ic supplied from the current generation circuit
10A to each of later-described current storage circuits
30A; a plurality of current storage circuits 30A which
are provided in accordance with output terminals Tout,

25 sequentially fetch and hold (store) the operating
current Ic supplied from the current generation circuit

10A with a predetermined timing based on the shift



18 register 20A; and a plurality of switch circuits 40A which control a
supply state of the operating current |Ic fromthe current generation
circuit WA22e/wash of the current storage circuits 30RCHABZN3/008158 ti m ng
set 5 by a switch changeover signal (shift output) SR outputted fromthe
shift register 20A wth a predeter- mned timng. In FIG 1, although the
| oads LD (display elenents) are illustrated in a case that they are
applied in a sinple matri x type displaj“%anel, they 10 are not restricted
thereto, and they can be applied to an active matrix type display panel
i ncluding such_a i&f drive circuit as shown in FIG 17. Each of the
above structfﬁ%%??é%l v B RontrEr Y deE ey beeh heterwhis e#0A 15 (Current
Gener ati on .ﬁféﬂtéo£%§%12ais a circuit structural view showing a concrete
e current gener

exampl e of t _ eneratty of ref t° a%]b?i%%%?%t%%gtW%r%r%odi nent .
The current gengrali cl ety ﬁé@%@%anh%ﬂ%ﬁﬁ r%g%zgﬁgoeg%tl s each

operating current |Ic having a curren ch of a

plurality oftgdeyteads ggb]_aacfrg edet gt .é‘%ﬁrljaée’sgeétoaﬁ e, %r;ngjcrg#r;%ts%s it to

i ndi vidual current storage cirtcuits 30A provi SO ‘as ond to

each &f a ploy a idwitdh tdiead Qadkser Thegdm CLUK AL W@)tisq{l circuit 10A is

constituted by, e.g., a control current generation circuit 11 on a front
stage and amuyhpited uffanttigensiiati ofedd Jicdht t2d2 it ANQ 2004/ 003877

PCT/ JP2003/ 008153
mined timing. In FIG. 1, although the loads LD
(display elements) are illustrated in a case that they
are applied in a simple matrix type display panel, they
10 are not restricted thereto, and they can be applied to
an active matrix type display panel including such a
pixel drive circuit as shown in FIG. 17.

Each of the above structures will now be

concretely described hereinafter.
15 (Current Generation Circuit)

FIG. 2 is a circuit structural view showing a
concrete example of the current generation circuit
applicable to this embodiment.

The current generation circuit 10A substantially

20 generates each operating current Ic having a current
value required to drive each of a plurality of the
loads in a predetermined drive state, and outputs it to
individual current storage circuits 30A provided so as
to correspond to each of a plurality of the loads. The

25 current generation circuit 10A is constituted by, e.qg.,
a control current generation circuit 11 on a front

stage and an output current generation circuit 12 on a



19 rear stage, as shown in FIG 2. The operating currents |Ic generated by
the current generation circuit 10A may have current values different from
each ot hewoizno4mesirdance with a drive 5 stage of each | @ad/Jrzno3mesyshave t he
sanme current value wth respect to all the | oads. The detail wll be
described |l ater. The current generation circuit illustrated in this

enbodi nent is just an exanple applicable to the current 10 drive apparatus
according to the present invention, and®t is not restricted to this
circuit configuration. In this enbodinent, as the current generation
circuit, a structure conprising the control current generation circuit 11
and the cur FERT FitAYSy GiSr GIOWmEet g% -12is 15 illustrated, but it is not
restricted theretg. For exanple, it nmay have a circuit configuration

consisting of o tETEHIDICHHTER Tgernanadiedtinedite s rsdwn in
FIG 2, in the control current energ%?on circuit 11, as a unit circuit
(bit currenf®56 %8R8 & Al fRYCTR ViFaHuYg & teiYddie®S conf i gur ati on
conpri si ng: i_sta R avi one end side connected tq a

hi gh- pot ent id%f%%%ﬁéﬁt Eﬁ-’%& 3]‘?]3\? d;Otgl%ﬁnﬁn A5 e L P A (which will
be rekerred S " PRP jtransi r' inafter) QL1 havin n emtter 25
conne%ted tg%? e S?hgﬁegn&%ggﬁeC%¥gFﬂ%agégﬁg?ﬁh%g%ﬁlfurgﬁgta%ggffkctor

connect ed 9128 @WbPuktl WACLIAN L 10 oL he rgoNLEol, squisgnt gener ati on

circuit 11 connected to WO 2004/ 003877 PCT/ JP2003/
described later.

The current generation circuit illustrated in this
embodiment is just an example applicable to the current
10 drive apparatus according to the present invention, and
it is not restricted to this circuit configuration. 1In
this embodiment, as the current generation circuit, a
structure comprising the control current generation
circuit 11 and the current mirror circuit portion 12 is
15 illustrated, but it is not restricted thereto. For
example, it may have a circuit configuration consisting
of only the control current generation circuit.
As shown in FIG. 2, in the control current
generation circuit 11, as a unit circuit (bit current
20 generation circuit) CT1 having a circuit configuration
comprising: a resistance R11l having one end side
connected to a high-potential power supply Vdd; a pnp
type bipolar transistor (which will be referred to as a
"pnp transistor" hereinafter) Q11 having an emitter
25 connected to the other end side of the resistance R11
and a collector connected to an output junction N11 of

the control current generation circuit 11 connected to



20 the output current generation circuit 12 on the rear stage; and a
P-channel field effect type transistor (which will be referred to as a
"PMOS tr awei2st4n03877her ei nafter) ML1 having a source conmegtiezhos/oosasbase of
5 the pnp transistor QL1, a drain connected to a set termnal Tset to
which a set signal SET is inputted and a gate connected to an i nput
termnal Tin to which a digital input _signal INlL is inputted. The unit
circuits are connected in parall el for2Phe number of 10 bits of the di gi tal
i nput signals (in this enbodinment, description will be given as to a case
that unit <circuits CTl to CT6 corresponding to digital input signals INl
to I N6 of sFerPP§p&FeCHF6@PGe&?PeTﬁ§ﬂOPsFlréﬁﬂﬁtégsoéft@ﬁerﬁﬁﬁ transi stors

QL1 to Q16 of the 15 respective unit circuits CTl to CT6 are connected to
t he out put F%ﬁ@?fcﬁnﬁlf gﬁc éﬁﬁﬁﬁ,féﬁ&dtﬁé?écgréypﬁréﬁﬁﬁéésﬁﬁé PMOS

t i st 1 [ th f th

L1 ansi ot or s (1 ToPo" eRe0 Car RERE “EbnkRePoa S GEIE LERTEGPRORY Tsel and 20
t : [ t ' i whi t digit [ t. Si |

PN "o The SPeonant PRl M Ra0Thlo S RobR el GRArE e £ FsaPoth gi vl

signabs (VokhdgnEonPaReatel cons) skl gadh BoRhUERLL Yo Of Jkts used to

control a drive state of eac oad, 2 e set signa is a signa

vol tage whi gBrinSnasupBkicedof (AR-a Bogékl%@?Ré@tggTCQ@tﬁﬂbuggéﬁi%ﬁ&Mth a

timng according to a drive cycle and the I'i ke of the WD 2004/003877

PCT/ JP2003/ 80§4%8 connected to an input terminal Tin to which a
digital input signal IN1 is inputted. The unit
circuits are connected in parallel for the number of

10 bits of the digital input signals (in this embodiment,
description will be given as to a case that unit
circuits CT1l to CT6 corresponding to digital input
signals IN1 to IN6 of six bits are provided). That 1is,
emitters of the pnp transistors Qll1 to Q16 of the

15 respective unit circuits CT1 to CT6 are connected to
the output junction N1l in common, and there are
provided the PMOS transistors M1l to M16 having sources
connected to the bases of the pnp transistors Ql1 to
Qlé, drains connected to the set terminal Tset and

20 gates connected to input terminals Tin to which the
digital input signals IN1 to IN6 are inputted.

Here, the input signals IN1 to IN6 are digital
signals (voltage components) consisting of a plurality
of bits used to control a drive state of each load,

25 and the set signal SET is a signal voltage which is
supplied from a non-illustrated control portion with a

timing according to a drive cycle and the like of the



21 | oads. Such a control current generation circuit 11 generates control
currents having current values corresponding to current values of the

i nput si gwal2go4/dobgz7t o | N6 by setting the set signal SETPC®/JR2003/008153
predeterm ned voltage |l evel and setting the input signals INL to I N6
havi ng the respective bits to a high level or a low level, and outputs the
control currents to the output current generation circuit 12 on the rear
stage through the output junction N |.210 For exanple, as shown in FIG 2,
the output current generation circuit 12 is constituted by a current
mrror circuit, and conprises: an npn type bipolar transistor (which wll
be referredlegdgs afuchngn comiasilscorrehdr siensitedriponQrl rigasiitnd 1a col | ect or
15 and a base connected to the output junction Nil of the control current
generati on EFPEHRTSF1CORtredi stgkes trohavisgnstragbefRéd®San enitter of

t he npn transistaor 1 and a |l owpotential power supply Vss; an npn
transi st or CEﬁfeﬁgﬁgﬁdn§‘é8IF85F8P c8ﬁﬁ€€§e&ft5 n £198AtiSnal 20 Tcs

wh t ti t) | c. hayi det i ned

curront combRelt TN oRb AR b S ca “BhsE - FBRMoEETd oo o qut put | unct i on
Ni | th [ ' it ) i st R22
Connodt ed BB vees CERARC: {57 ATl RE R Pranertehy 2acdst i i he

oL ent s DALY eyt e MR RIS 5470505, 0
PCT/ JP2003/ 0@8¢330r a low level, and outputs the control currents

to the output current generation circuit 12 on the rear

stage through the output junction N11.

10 For example, as shown in FIG. 2, the output
current generation circuit 12 is constituted by a
current mirror circuit, and comprises: an npn type
bipolar transistor (which will be referred to as an
"npn transistor" hereinafter) Q21 having a collector

15 and a base connected to the output junction N11 of the
control current generation circuit 11; a resistance R21
connected between an emitter of the npn transistor 021
and a low-potential power supply Vss; an npn transistor
Q22 having a collector connected to an output terminal

20 Tcs where an output current (operating current) Ic
having a predetermined current component is outputted
and a base connected to the output junction N11 of the
control current generation circuit 11; and a resistance
R22 connected between an emitter of the npn transistor

25 022 and the low-potential power supply Vss.

Here, the output current Ic is generated by the

control current generation circuit 11, and has a



22 current value according to a predetermined current ratio stipulated by
the current mrror circuit structure with respect to a current val ue of

t he contwol2oenmosssnt i nputted through the output juncti ®@eTEP2DI/N0815B t hi S
enbodi ment, by supplying the output current having the negative polarity
to the current storage circuit 30A (nanely, by setting the current flow
direction of the output current Ic in a direction of the | ow potenti al
power supply Vss fromthe output 10 tefdinal Tcs side), the current
conponent flows down so as to be pulled in a direction of the current
generation circuit 10A fromthe current storage circuit 30A side. In the
current genENETeHY dEddls BCrOAGINOUEOr at &d edpl srminieids cavyeditnrent , t he
current value of the caontrol . current generated by the control current
generati on T@tACuistiPRliadeshoy dhgecuihsntt He r&etr it ciditue of the out put
current generated by the current mrror circuit ortion 12. The current
val ue ofgthgtégﬁ%Pﬁ% Vaithe eSPSE Y &Qu e FUBY tre Ve et % or circuit
portion 12 with a. predetermined.ratio in order to, stipulate.the current
val ue of thg%%ﬁfﬁ&tC@ﬁFF%htlFPW%Fe%SF rﬁgg%ur SR e I B EdESsed in the
contraql si l, gernerati:Qn Chr cul 1 . l.arger .t han current val ue
of thg out%@?lZE gﬁr?&ﬁ% F@%P%¥ﬁgpéfoPg?S?§&P§aﬁ'sgﬁb g”F I&;%m:)rove a

rocessi ng 0 gV 0 is i out put
p SRS nGORGET RN HE: %%%%%1%% %%anQQ§2%5 %§$§%%é%?h

current Ic fromthe input signals INL to WO 2004/003 2003/ 008153

storage circuit 30A (namely, by setting the current
flow direction of the output current Ic in a direction
of the low-potential power supply Vss from the output
10 terminal Tcs side), the current component flows down
so as to be pulled in a direction of the current
generation circuit 10A from the current storage circuit
30A side.
In the current generation circuit 10A illustrated
15 in this embodiment, the current value of the control
current generated by the control current generation
circuit 11 is set larger than the current value of the
output current generated by the current mirror circuit
portion 12. The current wvalue of the control value is
20 reduced by the current mirror circuit portion 12 with a
predetermined ratio in order to stipulate the current
value of the output current (that is, the current value
processed in the control signal generation circuit 11
is set larger than the current value of the output
25 current Ic). Therefore, it is possible to improve a
processing speed concerning conversion and generation

to the output current Ic from the input signals IN1l to



23 IN6 in the control signal generation circuit 11 of the current
generation circuit 10A. Further, in the circuit configuration shown in
FIG 2, iwo0i2804#103877possi ble to enploy the circuit 5 confPCguPzis/osishi ch
stipulates the current ratio by wusing only an area ratio of the npn
transistors @1 and @2 in place of resistances R21 and R22 which are
connected to the emtters of the npn transistors @1 and Q2 constituting
the current mrror circuit portion 10 £ , i.e., by elimnating the

resi stances R21 and R22. As a result, it is possible to suppress

occurrence irreqularities in the current conponent within the circuit
caused due '(t)%\lﬁ et ?[g%e? sctoéﬁd@ RO FEra it e\ Gridatly esthai ning the
i nfluence tq t put 5 current lc.. (Shift Register) The shift register
20a shown in H énoéij (ﬁeglqeurean]t-l g éﬁrfl‘g'ptpljiéel%' a shift output generated based
on control signa} hi f rt. si.gnal . a.shift, clock 20 sjgnal and

ot hers) supplied fL?%{nI?eaIS’nolan iﬁ%s% ragflglg(a R T O ROt T PR 1 B sequent i al |y

ShiTting none i GACON 10 SASh6f d e, ST, GLoULL3 QA provided i

accordance with the respective'l oads as a angeover - si gnal

FLG 5 portorm the on ‘aperation Wrh i TY ot T Nge Basbd on the WO
2004/ 003877 urGHgI R20G3/08k%3 ratio of the npn transistors 021 and
022 in place of resistances R21 and R22 which are
connected to the emitters of the npn transistors Q21
and Q22 constituting the current mirror circuit portion
10 12, i.e., by eliminating the resistances R21 and R22.
As a result, it is possible to suppress occurrence of
irregularities in the current component within the
circuit caused due to the resistances R21 and R22,
thereby greatly restraining the influence to the output
15 current Ic.
(Shift Register)

The shift register 20a shown in FIG. 1 sequen-
tially applies a shift output generated based on
control signals (a shift start signal, a shift clock

20 signal and others) supplied from a non-illustrated
control portion while sequentially shifting in one
direction to each of the switch circuits 40A provided
in accordance with the respective loads as a switch
changeover signal (switch-on signal) SR.

25 (Switch Circuit)

The switch circuits 40A shown in FIG. 1 perform

the on operation with different timings based on the



24 switch changeover signals SR sequentially supplied from the shift
regi ster 20A, set the output current (operating current) Ic fromthe
current gwpeo@dssT7 circuit 10A in the wite state to sepplp2i08/00805% he 5
current storage circuits 30A provided in accordance wth the respective
| oads, and control in such a manner that the output current Ic can be
fetched and held in each current storage circuit 30A. Here, as the switch
circuit 40A, for exanple, a field ef f e€fi ve type 10 transi stor can be
applied. In this case, the switch circuits 40A can be forned on the sane
substrate by  using the sanme manufacturing process as that of the circuit
el enent appFWéHCPoCPﬁQg@8N§F-éégéﬁﬁﬁeéRcéﬁﬂéﬁptl§ﬂéwa@@P@ﬂﬂ@@l¢§O®0A The
detail wll E %rlbed 1% %ﬁ reference to FIG 3. (Current Storage

5 frc

Circuit) FI ERPLE fir gGF4t ILBR 9P§RW§h6%Fﬁ@n5 concrete exanpl e
i t d tch t
appl i cabl e 1 oﬁfe% T eGP ANt C ShATF RS CHATRRY ABPEretdSReapt ual views
h b ot r stora C|r U|t licable to
Thie orpodt SarEudkiadh 91 ke Pes U LEdkeo k8 208o1S, SFanbi SRRy

sequept i al | m%ﬁheétwsgep@&%uﬂgsc%Aeggo'vﬁdgat RUt Lefor g3k r om t he

current gener ation circuit 10Awth a eterm ne trm ng ased on t he
shift regisieth20he raggéétﬁvéoh6§&§ Caﬂﬁoegﬂﬁrgqrﬁﬁsgﬂﬁﬂ'ngﬁﬂnEQ's WO

2004/ 003877 PCT/ JP2003/ 008153

that the output current Ic can be fetched and held in
each current storage circuit 30A. Here, as the switch
circuit 40A, for example, a field effective type

10 transistor can be applied. In this case, the switch
circuits 40A can be formed on the same substrate by
using the same manufacturing process as that of the
circuit element applied to the later-described current
storage circuits 30A. The detail will be described

15 with reference to FIG. 3.
(Current Storage Circuit)

FIG. 3 is a circuit configuration view showing a
concrete example of a structure of a current storage
circuit and a switch circuit applicable to this

20 embodiment, and FIGS. 4A and 4B are conceptual views
showing a basic operation in the current storage
circuit applicable to this embodiment.

The current storage circuit 30A substantially
sequentially fetches the operating current Ic outputted

25 from the current generation circuit 10A with a
predetermined timing based on the shift register 20A,

holds a voltage component corresponding to this



25 current, and sinultaneously outputs a drive current based on the held
vol t age conponent to each |oad through each output termnal Tout. As shown
in FIG 3wO02im®3g7drrent storage circuit 30A can conpri ®ET/IR2093/008455H
vol t age conponent hol ding portion 31 (including the switch circuit 40A) on
a front stage and a drive current generation portion 32 constructed by a
current mrror circuit on a rear stage. The current storage circuit
illustrated in this 10 enbodiment is j¥St an exanple applicable to the
current drive apparatus according to the present invention, and it is not
restricted to this circuit configuration. Furthernore, in this enbodi nent,
as the curr éMri&dragerd & tanegusHough ety uwctdrierd mimdimy the dri ve
15 current generation _portion having the voltage conponent hol ding and the
current nir% G CRLitS f94d rrltqssy compmn ety rienteasttorlagst circuit is not
restricted theret and it gﬁ% have a circuit configuration having, e.g.,

i

only the volTagE %o R5SHe R R it o F o Uheanite, SBRVS HAWF G BI/G 3. t he

avi ng a SouTes CORRCEL LA oh A0 Ot N A GPHEY neered fo an

havi ng a source connecte

out puty termypnak Ies C%ffmtptotﬁ%ntc%rorl%gqggyggéﬁoino;g]{:L@%gii##%%egﬁnd a ga;e -

connected to 25 a shi out put term-n 0 er;

oot on SRR, 000 G B Y iEe  °
current generation portion 32 constructed by a current
mirror circuit on a rear stage.
The current storage circuit illustrated in this

10 embodiment is just an example applicable to the current
drive apparatus according to the present invention, and
it is not restricted to this circuit configuration.
Furthermore, in this embodiment, as the current storage
circuit, although a structure including the drive

15 current generation portion having the voltage. component
holding and the current mirror circuit is illustrated,
the current storage circuit is not restricted thereto,
and it may have a circuit configuration having, e.qg.,
only the voltage component holding.

20 For example, as shown in FIG. 3, the voltage
component holding portion 31 comprises: a PMOS
transistor M31 having a source connected to a junction
N31, a drain connected to an output terminal Tcs of the
current generation circuit 10A and a gate connected to

25 a shift output terminal Tsr of the shift register; a

PMOS transistor M32 having a source and a drain

respectively connected to a high-potential power supply



26 Vdd and a junction N32 and a gate connected to the junction N31; a PMOS
transi stor M33 having a source and a drain respectively connected to the
juncti on We20am®387he out put term nal Tcs of the currenPCFaRBIADISIF 5
circuit 10A and a gate connected to the shift output termnal Tsr of the
shift register 20A; a storage capacitance C31 connected between the

hi gh-potential power supply Vdd and the junction N31; and a PMOS

transi stor M34 having a source and a drifl n respectively 10 connected and
the junction N32 and an output junction N33 to the drive current
generation R}r)ﬁ[#]l on. 32 on the rear stage and a gate connected to an out put

control terfhdi"Feéh 1T ¥h i ARDIR EHedl oriemzd B0 idich i s

supplied fra on-ill.ustr control portion and 15 controls an out put
state of thg]rﬂc%n Fo I\%:éu]r’r e%?ﬁrfcgs {HEAHS &RF i iV igihet stqWitpad on 32 on

the rear stagey 41| . e, the P traansistors, M31 and M33 which
per f orm on/ of f roplzt} ati gnécggls% F YHESWHT P cHihgbRreriond™ gnd SR from

the shift rqg{étﬁitﬁ%%ﬂ&tlmﬁdgegﬁbe oeveé‘ﬂﬁe%r,é brﬁe%he-s%ﬁot{igorri}i iciallrcgio;[/vefOA

The storage capacitance C31 provi ween the

suppl ¥ vdd aid-duie: | t4 rasiy - i bet ween t he
pp! ¥ jwzetdRn té‘%brﬁ?e@té@taogwt%{'ecpsgﬁ omHﬁﬁ’};gfc

gate and the 25 source of the PMOS transistor exa as shown in
FIG 3, the tahoealdaser idedid isie RUHRAs@aner@l on AYtdQn 32 WO

2004/ 003877 PCT/ JP2003/ 008153

capacitance C31 connected between the high-potential
power supply Vdd and the junction N31; and a PMOS
transistor M34 having a source and a drain respectively

10 connected and the Jjunction N32 and an output junction
N33 to the drive current generation portion 32 on the
rear stage and a gate connected to an output control
terminal Ten to which an output enable signal EN which
is supplied from a non-illustrated control portion and

15 controls an output state of the control current to the
drive current generation portion 32 on the rear stage
is inputted.

Here, the PMOS transistors M31 and M33 which
perform on/off operation based on the switch changeover

20 signal SR from the shift register 20A constitute the
above—described switch circuit 40A.

The storage capacitance C31 provided between the
high-potential power supply Vdd and the junction N31
may be a parasitic capacitance between the gate and the

25 source of the PMOS transistor M32.
For example, as shown in FIG. 3, the above-

described drive current generation portion 32



27 conprises: npn transistors B1 and B2 constituted by the current
mrror circuit, each of which has a collector and a base connected to an
out put | Woreoe#/ws877N33 of the voltage conponent hol di ngP8T/Jamu3/aesisari tter 5
connected to a junction N34; a resistance R31 connected between the
junction N34 and a | ow potential power supply Vss; an npn transistor @B3
having a collector connected to an output termnal Tout from which an
output current (drive current Idv) is o Fputted and a 10 base connected to
the output junction N33 of the voltage conponent holding 31; and a
resi stance R32__connected b%tmeen the em tter of the npn transistor @33
and the | ow pOUBAEPEP ‘pBREr CEAPSiy toss. Qldr @ndt R82ogrpstt itwtednby( dri ve
current |dv) Hgscarr%gtcugrent val ue.correspondi ng to a predeterm ned
current ratio stipubated by th&TEGHEnt SREFY 8F ¥ehi bascanfiguration with
respect to a \Y; e_o he . control, current outputted fromthe
vol t age conpgﬁg%%eehglgﬁﬁgap%? FoﬁogTegﬁadiﬁﬁu?Peau RHSugHREREOBUL put 20
junction N33y3kngkhigee LAEN p 1e oyt put . current having the
negative polarity ts tehgggg%‘g%t EO?‘Q?%%% M%E&tfﬂn?l ggdaEB) apy ﬁ?a&LgCiJC@F by
setting the cenneepedf tewadipaet! th ' rept,ldy to

D Jhsetion Qb4 ?ygééggFgﬂge ggghgogﬁFﬁﬁ?dternina

direction of the | ow potential power supp rom 2
Tout side), bbeweemrehé ¢onponentN3il ang QOT@WS@O%@HEQaPGQQH%kEd in the
elo

direction of the current storage circuit 30A fromt side. WO
2004/ 003877 PaMpUP2083/ 0881568n transistor 033 having a collector
connected to an output terminal Tout from which an
output current (drive current Idv) is outputted and a
10 base connected to the output junction N33 of the
voltage component holding 31; and a resistance R32
connected between the emitter of the npn transistor Q33
and the low-potential power supply Vss.
Here, the output current (drive current Idv) has a
15 current value corresponding to a predetermined current
ratio stipulated by the current mirror circuit
configuration with respect to a current value of the
control current outputted from the voltage component
holding portion 31 and inputted through the output
20 Jjunction N33. In this embodiment, by supply the output
current having the negative polarity to the output
terminal Tout (load LD) (that is, by setting the
current flow direction of the drive current Idv to a
direction of the low-potential power supply Vss from
25 the output terminal Tout side), the current component
flows down so as to be pulled in the direction of the

current storage circuit 30A from the load LD side.



28 In the current storage circuit 30A illustrated in this enbodinent, a
current value of the control current outputted fromthe voltage conponent
hol di ng pwot2oemo3877 i s set |arger than a current val ue ®CTURZ0B0PSR 5
current generated by the current mrror circuit of the drive current
generation portion 32. The current value of the control current is reduced
by the current mrror circuit with a predetermned ratio in order to
stipulate the current value of the outp&@ current. 10 That is, by setting
the current val ue processed inside the voltage conponent hol ding 31 | arger

than the current:ﬂguﬂg of the drive current Idv, it is possible to
i ncrease a processi hg §péet OHe RGPS Hei 5Btdh 3 Wolidi his tsttoedigis) and t he

out put oper at.j operatin urrent lc in the voltage conponent
hol gg ng f,_l tgfh gt% h%h?&:&ﬁgﬁété% &r g@%%ﬁ’&f&aﬁuﬁﬂf ey {ﬁf@n&r;oduiqurtr_ent S
confi gurati ogushowR cign ing a circuit configuration iC
uehOMR A Ebit the Yor .8 g %ﬁ Ogﬁn§ré£lp%ﬁgbﬂﬁﬁtﬂﬁé Bgn 20

stipulates the current ratio by usi

transistors €Blste @3gkhk @hﬁﬁeaoEuEQ%nEe%Eih%r%fR%éf %g% 2 which are

connected to the emitters of the npn transistors constituting

the cubrent ourrent gehewhteaf biNendr bue Wi gt generation circuit 32 and
stipulate the current ratio in the curreﬁi rrirrorrg 5%%?FguFtogo%%ﬁguration,

i.e., by elidrhuei ngrrbet yeseshaneaspBatiaRd3R32, tht k5 RAsE bLe, LO

suppress occurrence of irregularities in the current conponents W's

2004/ 003877 PLTFBP2008L008168rrent is reduced by the current mirror
circuit with a predetermined ratio in order to
stipulate the current value of the output current.

10 That is, by setting the current value processed inside
the voltage component holding 31 larger than the
current value of the drive current Idv, it is possible
to increase a processing speed concerning the fetch
holding (storage) and the output operation of the

15 operating current Ic in the voltage component holding
31 of the current storage circuit 30A.

In the circuit configuration shown in FIG. 3, by
applying a circuit’configuration which stipulates the
current ratio by using only an area ratio of the npn

20 transistors Q31 to 033 in place of the resistors R31
and R32 which are connected to the emitters of the npn
transistors Q31 to 033 constituting the current mirror
circuit of the drive current generation circuit 32 and
stipulate the current ratio in the current mirror

25 circuit configuration, l.e., by eliminating the
resistances R31 and R32, it is possible to suppress

occurrence of irregularities in the current components



29 within the circuit caused to due to the resistances R31 and R32, and
irregularities in the output current (drive current lIdv) can be greatly
restrai newo 20@/10687Whe basi c operation in the current st@eCAYe20050@s15Tui t
(including the switch circuit) having such a structure, the current
storage operation and the current output operation are executed with
respect to the drive cycle of the load with a predetermned timng by
whi ch overlap in time is not generated?SEach 10 operation will now be
descri bed hereinafter. (Current Storage Operation) In the current storage
operation, as, shown in FIG 6 4A, the PMOS transistor M34 as the output
control  ci et hertordsr S et ofFushidriad i Sre byo agpe yieml stasces ghdl evel

out put enabl e si | EN,fromthe control, portion through the output
control ter rﬁrﬁil%n.arf% TSI At et e% he ol AR e F ¥Rt | ¢ having the

t ) i.th i larity corryespondi n o the input
Signal's | NI R e Ao AV G i Foth TN S a e the | oads ar e
lied f th i i it J10A th h the i t
Corninal Tea (oaourS toie SERECHISLEIBEUN 8 CURETRLI SRRt 108

d the | owdiavel; swit ' 19098 ¢ S9R1 ' 4]
and the OWdl%ltSWlmlﬂﬁ@e&Y£rSV§%w cﬁ%dfﬁz)oipz{)\%]irzg g%ﬂ%}heaashift

predeterm ned timng fromthe shift regi ster

out put { er mistatuckilse AShd distiidy e REBIoANSISH ofs Wik and 183 as the
input control circuits (switch circuits 40A) performthe on WO 2004/ 003877
PCT/ JP2003/ @MB8Iksht output operation are executed with respect to
the drive cycle of the load with a predetermined timing
by which overlap in time is not generated. Each
10 operation will now be described hereinafter.
(Current Storage Operation)
In the current storage operation, as shown in
FIG. 4A, the PMOS transistor M34 as the output control
circuit performs the off operation by applying a
15 high-level output enable signal EN from the control
portion through the output control terminal Ten. In
this state, the operating currents Ic having the
current component with negative polarity corresponding
to the input signals INL to IN6 used to control the
20 drive states of the loads are supplied from the current
generation circuit 10A through the input terminal Tcs
(output terminal Tcs of the current generation circuit
10a), and the low-level switch changeover signal SR is
applied with a predetermined timing from the shift
25 register 20A through the shift output terminal Tsr. As
a result, the PMOS transistors M31 and M33 as the input

control circuits (switch circuits 40A) perform the on



operation. Consequently, the voltage |evel as the |ow |evel _ _
ggrregpondi ng to theqopera%/i ng currents Ic with the negative polarity is
appl i ed twothei/ossrcti on N31 5 (nanmely, the gate tern nalPCofIP2doa/00BVES
transistor M32 and one end of the storage capacitance C31), and a
potential difference is generated between the high- potential power supply
Vdd and the junction N31 (between the gate and the source of the PMOS
transistor 10 M32). As a result, the transistor M32 carries out the
on operation, a wite current Iw equivalent to the operating current Ic
fl ows down sq as to be pulled in a direction of the input term nal Tcs
t hr ough the%\ﬁf@ 9 nsistors M32 and M33 fromthe high-potential power 15
supply. At this el ectrl C charges correspondl ng to the

potenthi al differ ence %%lﬁ%?glf %et ?\éﬁﬁ%?h?e%%aﬁ@i %t%the sglaq;végb%?% ﬁgpg:v)ésVdd
and the jun

t ransi st or Cé % are sr%qgred tqpeersa[t&%% ent c nee d|}?];dtgh?he
g:ong;{: ﬁgcgg{rentﬁ;@e Méjria‘% alé/?%%&g'] qul(:)crrq)gc Shal Jus Js‘frbﬁ\gﬂl in the storage
capacist ance (rigkk1as,e thed dgaea@rt&fr&ﬁ{alplﬁfh ﬂ%a¥M6§%r%ﬂ§lgsn;qur §§2 lw 25 is

st opped by appl ying the high-level swt ngeover romthe

shift registeerd 204 tdHdDugh dhe shifdqe QU £IJE 1) TS, 4pan conpl eti on
of the current WD 2004/ 003877 PCT/ JP2003 008153

potential difference is generated between the high-
potential power supply Vdd and the junction N31
(between the gate and the source of the PMOS transistor
i0 M32). As a result, the PMOS transistor M32 carries out
the on operation, a write current Iw equivalent to the
operating current Ic flows down so as to be pulled in a
direction of the input terminal Tcs through the PMOS
transistors M32 and M33 from the high-potential power
15 supply.

At this moment, the electric charges corresponding
to the potential difference generated between the high-
potential power supply Vdd and the junction N31, i.e.,
between the gate and the source of the PMOS transistor

20 M32 are stored in the storage capacitance C31, and the
electric charges are held as a voltage component
corresponding to the operating current Ic. Here, to
the electric charges stored in the storage capacitance
C31 are held even after pulling of the write current Iw

25 is stopped by applying the high-level switch changeover
signal SR from the shift register 20A through the shift

output terminal Tsr upon completion of the current



31 storage operation to the PMOS transistors M31 and M33 which performthe
of f operation. (Current CQutput QOperation) Subsequently, in the |oad drive
oper at i orweaf20er003§y7t er mi nati on of the current storage opeETaAP2OH)08AS3 Shown
in FIG 4B, the PMOS transistor M34 perforns the on operation by applying
the output enable signal EN on the low level fromthe control portion
through the output control termnal Ten. At this nonment, since the 10
potential difference equivalent to thatlin the current storage operation
is generated between the gate and the source of the PMOS transistor M2 by
t he voltage conponent held in the storage capacitance C31, a drive

control cur PEREAGEC OpFiard o der rtéret BYQISUE requsihvediosrst MBB. taat BER3 of t he

wite curren ,Ig“(p: t he operatiy current Ic) flows down in a direction of
t he out put Wj&‘&ﬁ P6K IRET G Ot OMeEASAO8ircuit portion 32) from the

hi gh- potential_ _power _s Ly through the PMOS transistors M32 and M34. 20
As a result,(%flﬁ%e\é\fii \?él%gjwpéﬂeréﬁapé’ht lac inputted to the current mrror
circuit portion i C ted iinto.a driyve current ldv having a current
val ue correspondi’éﬁlg]:joStseoq‘IJLae(%lprPr{L dete‘:Lenr Nfed CAT VS é)ﬁeorats]tqlbﬁaé%e&gj by the

currest MM rkQenghieyich eanihaucatians 23,300 SUpalied 0 each,lead LD ppl i ed

t hrough each output term na ive dur

fromeach cyprent . su@ragecCi [ ; | 04/ 003877
ber ) Pa003) 00, ag 5B AGRCCIEEH il ikRoRafy 4 §R% A2 A0

operation by applying the output enable signal EN on
the low level from the control portion through the
output control terminal Ten. At this moment, since the

10 potential difference equivalent to that in the current
storage operation is generated between the gate and the
source of the PMOS transistor M32 by the voltage
component held in the storage capacitance C31, a drive
control current Iac having a current value equivalent

15 to that of the write current Iw (= the operating
current Ic) flows down in a direction of the output
junction N33 (current mirror circuit portion 32) from
the high-potential power supply through the PMOS
transistors M32 and M34.

20 As a result, the drive control current Iac
inputted to the current mirror circuit portion 32 is
converted into a drive current Idv having a current
value corresponding to a predetermined current ratio
stipulated by the current mirror circuit configuration,

25 and supplied to each load LD through each output
terminal Tout. Here, to the drive current Idv supplied

from each current storage circuit 30A to each load LD



32 is applied the high-level output enable signal EN from the control
portion through the output control termnal Ten upon conpletion of the
current owOpoe4/@psIrati on, and supply is stopped when tR€TBRIES3/D08ASEI St Or
MB4 5 carries out the off operation. (Drive Method of Current Drive
Apparatus) In the current drive apparatus having the above- descri bed
structure, in a current wite period, the operating current Ic having a
predeterm ned current 10 val ue accordiﬁé to the drive state of each load is
sequentially generated and outputted by the single current generation
circuit 10A, and the switch changeover signal SR sequentially outputted

fromthe sHiSt EPPdgiest & g4 ghs leggde mutan alﬁmh]iee(fﬂt%latlh@l\ﬂirgm tch

Tout 1 - syn@RFoRCARE dn PUREIRT REZGUEBUIENS, MG G et dur ront
operation with FEPESNE Loty S oy Hen O 0d 3040 At GER ARt 1 m g of
operating  eocr BBy i stHRBY Wl HEE Bl SEHESRIRIOMI I P oLTT 10

sequenti al | yaf-h-qws down aRd Jes \gbietrtaecrioinn_ the current storage circuits
30A, and held as the 25 vol tage conponent (the above-described current

storage opgpativen)Me tBeduUett icaldiéntl Mk eW-ent @yt put period, output of
t he switch changeover signal SR from WO 2004/ 003877 PCT/JP2003/ 008153
In the current drive apparatus having the above-

described structure, in a current write period, the
operating current Ic having a predetermined current

10 value according to the drive state of each load is
sequentially generated and outputted by the single
current generation circuit 10A, and the switch
changeover signal SR sequentially outputted from the
shift register 20A is sequentially applied to the

15 switch circuits 40A provided in accordance with the
respective output terminals Tout in synchronization
with the output timing of the operating current Ic. As
a result, the switch circuits 40A sequentially perform
the on operation with different timings synchronized

20 with the output timing of the operating current Ic.
The write current Iw corresponding to the operating
current Ic outputted from the current generation
circuit 10A sequentially flows down and is written in
the current storage circuits 30A, and held as the

25 voltage component (the above-described current storage
operation). Sequentially, in the current output

period, output of the switch changeover signal SR from



hift register 20A in the current wite perlod S ternlnated, al
?ﬁetgﬁﬁfch circgits 40A performthe off operation, and.the operat;;g he &
current |Iwoaecewowamg to the drive states of the | oads |P§Th€2(m_3/0081| ~ ig
current storage circuits 30A. Thereafter, the output enable shgna N
applied to the respective current storage circuits 30A fromthe con
portion in conmon wth the sane tlﬁlngg.AS aresult, the currents Ccuits
according to the voltage conponent held ?n_the current 10 storaﬁe flrg
30A are sinultaneously supplied as the drive currents Idv to the | oads

i - i t put
h the tput . termnals Tout (the above-described current ou
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current WD 2004/003877 PCT/ JP2003/ 008153

storage circuits 30A from the control portion in common
with the same timing. As a result, the currents
according to the voltage component held in the current

10 storage circuits 30A are simultaneously supplied as the
drive currents Idv to the loads through the output
terminals Tout (the above-described current output
operation).

By repeatedly setting such a current write period

15 and current output period in accordance with a
pPredetermined operating cycle, the loads can be caused
to operate with a predetermined drive cycle.

Therefore, according to the current drive

apparatus of this embodiment, the current storage

20 circuits are individually provided to the single
current generation circuit so as to correspond to a
plurality of the output terminals, the current having a
predetermined current value concerning the drive
control over the loads is generated by the current

25 generation circuit, and this current is sequentially
stored in each current storage circuit with a

bPredetermined timing. Then, the operating current



34 supplied fromthe single current generation circuits can be held in
accordance with respective output termnals by outputting the currents to
t he respew0Di20@/00Bg¥ads from the respective current stora@eTaPLO80IISH

t hrough the respective output termnals at the sane tinme, and the drive
current for each output termnal can be set based on the operating
current. Therefore, the drive currents in which irregularities between the
respective output termnals are suppre§%%d can be 10 supplied, thereby
driving the respective loads with the wuniformoperating characteristic.
The el ement str clqie of the bipolar transistor or the MOS transistor
applied to tHERUISLATWithe siprarsirrenusienseation twiecwhibodi nent i s
not 15 restrjcted, ,a it may be approprjately subjected to design change
in accor dancéea%w%% }fe?qjgd e‘lrériae%(ior eaé’%et'r}? St R e FHR Y i ng t echni que,
a product angd other §999in | 1y, by sequentially repeating in 20
accordance wt ﬁ ‘eac sor Cﬁhtéo Oper't ictgqne t%urs%%prbq?%%ethef i%efﬁpgg?ﬁjt‘f‘? ng drive
currents (dnigfsLusents) ' ay, i f current characteristic
and correspond to each del\é%s%bc at aeeférdc}rqn:%e %\Ogga\ﬁueduajirccu %®nt  stor age

circuigts to dheddrghthemddddia @l emmitsud | Qads), 25 eaaaChclPe{ gs\éaingeEd in

accordance with each of theé display pixels constituting
| at er - descr ithet,displ ahanalve (G- dG rdkb)eaddt distRASSHOhE J0 Wite the

di spl ay data WD 2004/ 003877 PCT/ JP2003/ 008153
can be set based on the operating current. Therefore,
the drive currents in which irregularities between the
respective output terminals are suppressed can be
10 supplied, thereby driving the respective loads with the
uniform operating characteristic.

The element structure of the bipolar transistor or
the MOS transistor applied to the current drive
apparatus illustrated in this embodiment is not

15 restricted, and it may be appropriately subjected to
design change in accordance with the element
characteristic, a manufacturing technique, a product
cost and others.

Specifically, by sequentially repeating in

20 accordance with each row the operation to supply the
light emitting drive currents (drive currents) which
have the uniform current characteristic and correspond
to each display data from the individual current
storage circuits to the light emitting elements (loads)

25 each provided in accordance with each of the display
pixels constituting the later-described display panel

(see FIG. 15), it is possible to write the display data



35 for one screen of the display panel into each display pixel and causes
the light emtting operation with a predeternmned brightness gradation,

t her eby ewelzboamy3siexcel | ent display of desired image i nPoTIR2I0GNOSASE | € 5
suppressing generation of display irregularities. Here, the elenent
structure of the bipolar transistor or the MOS transistor constituting the
current storage circuit according to this embodinment is not particularly
restricted, and it may be appropri 10 at®ly subjected to desi gn change in
accordance with the element characteristic, the product technique, the
product cost_and ot hers. In(?garticul ar, in the MOS transistor constituting

the vol t age QnBfertCIRAMI My the edesrlay roanekrint obach rdimlg?;‘_isar y
i ed,, 15 preferably, as, described below, it is possible to
gggreﬁt Ieggl f/%:%rﬁ]y aé“?r%?r%’?es? drihalA SR (el HebRg | IBeRAL AN tHELIMES tr ansi st or
i i 200 /Vs or a larger.value. FI.G 5A shows an
23L?8aﬁgg{ Oﬁﬂr%eﬁé/%%mae t {fcqﬁhi?réesicg%ﬁgantlt% e $R¥ ?Fﬁé?bjéég are storeg
in the capadi G ; te and the source of the transistor, an
FIG 5B ig g}%(”‘raée}plh nﬁ?ﬁ’%ﬁ%%ﬁge Sﬁ%raenégje“ﬁg%oﬂ QB on P kkpaci t ance

i ; i i between the gate
e e (RIS SER S Sl o | o, BB e

and the sourcé of the sponds 10 an equi val ent

circuit when predster mned elieoit i o charges &F st argghin. the WO
2004/ 003877 PCT/ JP2003/ 008153

transistor or the MOS transistor constituting the
current storage circuit according to this embodiment is
not particularly restricted, and it may be appropri-

10 ately subjected to design change in accordance with the
element characteristic, the product technique, the
product cost and others. 1In particular, in the MOS
transistor constituting the voltage component holding
element, in order to obtain necessary operating speed,

15 preferably, as described below, it is possible to
excellently apply a transistor having the mobility pe
of the MOS transistor being approximately 200 cmZ2/Vs or
a larger value.

FIG. 5A shows an equivalent circuit of a structure

20 when the electric charges are stored in the capacitance
between the gate and the source of the transistor, and
FIG. 5B is a graph showing an aged change in voltage of
the capacitance when the electric charges are stored in
the capacitance between the gate and the source of the

25 transistor.

FIG. 5A corresponds to an equivalent circuit when

predetermined electric charges are stored in the



36 storage capacitance C31 in the voltage conponent holding portion 31 of
the current storage circuit showmm in FIG 3, and corresponds to a case

t hat t he WhR8i4/q088Insi stors M32 and M33 are ON and in t heCranzhwavestss 5 state
and the PMOS transistor M34 is OFF and in the open state. Here, the

transi stor Mcorresponds to the PMOS transistor M32, and the capacitance C
corresponds to the storage capacitance C31 which is a sumtotal of

awi ri ng capacitance, a storage capacitarfce and a gate 10 capacitance of
the transistor M For the brief explanation, it is determ ned that the
source S of the transistor Mand one end of the capacitance C are set to
a ground pot¥itiafe @RACHRReR r&Ehotsthe wlihgmgeomforentne t rel ative
to a drain ol%ja, e V(t) of 15 the transistor M32, i.e., the voltage of the
capaci tance\é’(%L .&%r@r%]so%hﬂ/\ﬁ’f ntIg GusEniwErP Zadureiereud § retiewn suppl i ed

to a drain D odeﬁC{;enirans' stor M frqun a constant current source, assum ng
that V(t) is'a i 20 R0 THYE PG B & GRS nthak ridmr B0 he transi st or

(D). 1a = Aty ged e P o B s (ap iR o a gate
25 oot e el Al LIS LLAISELLT M ot Ly e BTy of e
length. BasegpheD AU 003847 PCHJIRAAXQAO8L531 corresponds to the
PMOS transistor M32, and the capacitance C corresponds
to the storage capacitance €31 which is a sum total of
a wiring capacitance, a storage capacitance and a gate
10 capacitance of the transistor M. For the brief
explanation, it is determined that the source 8 of
the transistor M and one end of the capacitance C are
set to a ground potential. FIG. 5B corresponds to a
change of a time t relative to a drain voltage V(t) of
15 the transistor M32, i.e., the voltage of the
capacitance C31.
Here, as shown in FIG. 5A, when a current Iin is
supplied to a drain D of the transistor M from a
constant current source, assuming that V(t) is a drain
20 voltage and Id is a drain current of the transistor M,
the drain current Id can be represented by the

following expression (1).

Id = A*V(t)2 co. (1)
wherein A = (1/2)*Cin*pe* (W/L), Cin is a gate
25 capacitance per unit area of the transistor M, pe is

the mobility of the transistor M, W is a channel width

of the transistor M, and L is a channel length. Based



37 on this, a differential equation of the followi ng expression (2) can be
established. CdV (t) /dt + AV(t)2 =1in ... (2) wherein the capacitance C
is a sumwotaé4/mBs7rhe wiring 5 capacitance, the storageCtapzosbvense, and
the gate capacitance of the transistor M as described above. A change of
the tinet relative to the drain voltage V(t) of the transistor M i.e.,
the voltage of the capacitance C obtained by solving the above expression
10 is substantially as shown in FIG 5B/ Here, ti is a tinme constant, and
it can be represented by the follow ng expression (3) if the gate
capacitance in the capacitance Cis larger than any other capacitance.
Further, w t9® tHesi e A E erqntiie amiatdgs Yk )thedthdowifha val ue which
is 99.5%of a saturation voltage V(s). _ti = CJA*lin ... (3) That is, the
time constaftfAr G54 propsratt g?‘? t5 @b highed of the capacitance C and in

i nverse proportion t 1/2-th r, of the nobility e. 20 Here,

assumi ng that a pol ygll*ldiv;(gﬁ /fé:T*l @Q’ﬁﬁ& as 1de transisté! M the

capaci tance IS, 4 , i 00 30 gm _th ility. eis 70 n2/Vs, a
film thi ckr‘?’gsesr%&?‘ gé%lfa:gealplar?s%u Aeong £ isémi%‘::o% & YEgdii%ati on

curremt 1indgs 10+ e Gohstant. cones 1 sec.. Therefore,
372 of\ét%ﬁeea} tsﬂélrz;éﬁm ng 4 el %Ccﬁ’szalnéiy% SRS

when t he nunbér I nes-i nthe 0 be driven is

set 10 as 120acd tsalRCUORREH A AR H U GddE et WRRA0A Q03877

change of the time t relative to the drain voltage V(t)
of the transistor M, i.e., the voltage of the
capacitance C obtained by solving the above expression

10 is substantially as shown in FIG. 5B. Here, T is a
time constant, and it can be represented by the
following expression (3) if the gate capacitance in the
capacitance C is larger than any other capacitance.
Further, with the time t = 31, the voltage V(t) reaches

15 a value which is 99.5% of a saturation voltage V(s).

t = C/VA*Iin cee (3)

That is, the time constant T is in proportion to a
value of the capacitance C and in inverse proportion to
the 1/2-th power of the mobility pe.

20 Here, assuming that a polysilicon TFT is used as
the transistor M, the capacitance C is 6 pF, W/L is
100 pym/30 pm, the mobility pe is 70 m2/Vs, a film
thickness of a gate insulating film is 105 nm and an
application current Iin is 10 pA, a time constant <t

25 becomes 1.42 pusec. Therefore, when the number of the
scanning lines in the display panel to be driven is set

to as 120, a selection period per scanning line is



38 approxi mately 139 sec and the nunber of the data lines in which data
can be witten within this tine is approximately 32. In relation to this,
when t he wolkzds/togs7e of the 5 transistor Mis 245 nR2/ Vs Pomder00shes153
above-described condition, the tine constant 't is approximately 0.096
sec. As a result, the nunber of the data |lines in which data can be
witten within the selection period per scanning line in the display panel
is 10 approximately 482, and a 1/4 VGA $anel having the 120 scanning |ines
and the 160 (X RGB) data lines can be driven. Alternatively, if the
capacitance Cis 0,51 pF even though the nobility ge remains as 70 n2/Vs,
15 the tine LWREPEHIatelY| ket Becpeerdethappunemacél Yhe0d®96 Sksesand t he

1/4 VGA panel can. he drjven like the above. That is, in order to drive at
| east the 1/%1\7%!%%a%% 3 tHe Mebrritiee withie thaastimerisl nust have a

20 val ue of j e 0 cn2/Vs or a larger value, or the capacitance
C nust have %%?%%@n%i?e?gt han approxinmately 0.5 pF. As described above,

since the tine copst b 1S, i roportion to val ue of the capacitance
Cand in 25 inveﬁeégfrt%%%?{]i%% %Pf‘he"%ﬁ%-%ep%a}@}?iﬁyt ke #bbFPfty to of

t he trmnsi stwoFznd } 2 rther decreased en the
capaci t ance C?ns Jfr%%c%%grﬁ %\%%%%4 Oé‘é%%%%/% ?6%8%%%‘”508%

condition, the time constant 1 is approximately

0.096 pusec. As a result, the number of the data lines
in which data can be written within the selection
period per scanning line in the display panel is

10 approximately 482, and a 1/4 VGA panel having the 120
scanning lines and the 160 (X RGB) data lines can be
driven.

Alternatively, if the capacitance C is 0.51 pF
even though the mobility pe remains as 70 mZ/Vs,

15 the time constant 1t likewise becomes approximately
0.096 pusec, and the 1/4 VGA panel can be driven like
the above.

That is, in order to drive at least the 1/4 VGA
panel, the mobility pe of the transistor M must have a

20 value of approximately 200 cm?/Vs or a larger value, or
the capacitance C must have a value smaller than
approximately 0.5 pF.

As described above, since the time constant T is
in proportion to a value of the capacitance C and in

25 inverse proportion to the 1/2-th power of the mobility
ne of the transistor, the time constant t can be

further decreased when the capacitance C is further



ili i i t hereby driving the
39 reduced or the nmobility e is further increased, _
hi gher-definition display panel. Al though the structure of the transistor
real i zi ngwolzeomwB877i ty or the capacitance value is not paTPe03/0@isar|y
restricted, for exanple, a polysilicon MOS transistor having a continuous
grain boundary fornmed on an insulating substrate prfantKCS Lr325|stor

ili abo

formed on a nonocrystal silicon substrate can satisfy e
conditions, and it can be preferably uséd. 10 <Second Enbodi nent of Current

Drive Apparatus> FIG 6 is a primary structural view showing a second

i i i he present
odi nent of current drive apparatus according to t
iegeent i on. %,uct Oarte!SomObdditvallentl  fuertdrege imamraalesi,denot e

i i b -described first enbodi nent,
Sher oby o1 me T Y R B et it (ored b rowralont ar | ve
i i i | ud a pair of current
50 sent | ond G e T s (R fir s zeme o | oad
Ts comn i i i tion to
Coquont ol Ly FFRNEbS 18095 bt Kl RS BLRndd bt e Liare Suppl i od

sequentially fetch a current —havin _ | ed
from s sindlaseyr reak -aeneral kan. ehochiit. b LS ayrnent, ghgstorage sectio

on one side and hold a correspondi ng ol fage“co .
si mul t aneouskyanettpul hheiﬁgréeebnbiﬁﬁ@ugngEanygBE%%%r%O%gg%%gto%hlCh VO

2004/ 003877 PCT/ JP2003/ 008153

an insulating substrate or an MOS transistor formed on
a monocrystal silicon substrate can satisfy the above
conditions, and it can be preferably used.

10 <Second Embodiment of Current Drive Apparatus>

FIG. 6 1s a primary structural view showing a

second embodiment of a current drive apparatus
according to the present invention. Here, the same or
equivalent reference numerals denote structures

15 equivalent to those in the above-described first
embodiment, thereby simplifying or eliminating their
explanation.

The current drive apparatus according to the

Second embodiment includes a pair of current storage

20  sections in accordance with an output terminal to which
a load is connected, and is constituted to execute in
parallel an operation to sequentially fetch a current
having a predetermined current value supplied from a
single current generation circuit by the current

25 storage section on one side and hold a corresponding
voltage component and operation to simultaneously

output the current based on the voltage component which



40 has been already held in the current storage section on the other side
through the output termnal. As shown in FIG 6, the current drive t
appar at uswoaoewasTg to this enmbodi ment conprises: a si RGINGPZ06/00818N
generation circuit 10B which sequentially generates and outputs ag
operating current Ic having a predeterm ned value according to a lee
stage of the load; a plurality of currf$t storage circuits 30B ﬁac
including a pair of current storage sections 3la and 10 31b which are
provided as a pair in accordance with each output termnal Tout in

i fetch the operating current Ic
Dbplied fravcpethlprbitagehel St %f%ntﬁse?eumenpﬁsmmgna:wmummt i ngs
i tage conpopent; a 15 shift register S
?QSiQ?L? 2eg§§gﬁ288€gﬁgﬁd¥9éib ﬁ%?%ﬁ Eeg?g?iHEdt%f@?n?%;r Lﬂeacggignge
ith th currentpst ctipns-31a, an onstituti
gtgrageecirguit 3%% §%§Q§e§§ gt?in?hg%aﬁeﬁugﬁﬁﬁfyaﬁbv?h%pB%E?EP?ng current

lc fed fromdiheocaidg&nto Q@igﬂﬁﬁ6%$%@§?fié&%ﬁ}igégitgiﬁggghgzcahe current

storage sections 3la and 31b; a I nput circuits

40B having seitcdies okt dkl be Whkehe of 65 é’f&dse&'cg\l?z%ﬂﬁ%%i}hi h accordance

with the current storage sections 3la and 31b cons e current 25

storage circeneBRanhdanitmita suppberstate afrtdhe Pcpq{aﬁ;i.ﬂ'% g_urre_nt lc
fromthe current generation circuit 10B to each current storage circu
30B based WORODW/ QOB RGP0 08IH3F 0 a drive stage of the
load; a plurality of current storage circuits 30B each
including a pair of current storage sections 3la and
10 31b which are provided as a pair in accordance with
each output terminal Tout in parallel, alternately
(selectively) fetch the operating current Ic supplied
from the current generation circuit 10RB with individual
timings and hold a corresponding voltage component; a
15 shift register 20B (shift register sections 21a and
21b) which is provided as a pair in accordance with the
current storage sections 31a and 31b constituting the
current storage circuit 30B and sets a timing when
supplying the operating current Ic fed from the current
20 generation circuit 10B to each of the current storage
sections 3la and 31b; a plurality of input side switch
circuits 40B having switches 4la and 41b which are
provided as a pair in accordance with the current
storage sections 31a and 31b constituting the current
25 storage circuit 30B and control a supply state of the
Operating current Ic from the current generation

circuit 10B to each current storage circuit 30B based



41 on individual timngs set by the respective shift register sections 2la
and 21b; and a plurality of output side switch circuits 50B each of which
is proviweadoianoagrcor dance with each output term nal TorCI/IB2®8h@tss any of
the current storage sections 3la and 31b based on a predeterm ned out put
selection signal SEL and controls an output stage of the current held in
the current storage sections 3la and 31b to each output termnal Tout. 10
It is determined that the current geneddtion circuit 10B, the shift

regi ster 20B (shift register sections 2la and 21b), the current storage
circuit 30B (current storage sections 3la and 32b) and the input side

swi tch circfit 4o YislalcHagnigues st 4mb)thmvee sgeetliSrestshicttur es equi val ent
to those in the above-described first enbodi nent, thereby elimnating the
detail ed eXffi%EtSoreHe@s (He [andst2 i fand eyimiuralsidot iadh 21a

sequenti al | utputs a shift output as a switch 20 changeover signal SR1

Wi '?h a predéugrﬂ}ﬁne%l% AR T Cittalifis stOBRadh oL ahsr@vilded in accor dance

with the first .current storage sectiqgn 3la in the current storage circuit
30B provi deé)ﬁotﬁflacec%rldlaﬁccec% ceeaéﬂtqblﬁ C’t‘“@?ﬁﬂ%aﬁefﬁ&dﬁl 3PUthe ot her

ot put a5 2 SHtAr ClbhgdoVsr SRS SR A £ T WA SRHOES not
overlap thedddd8ngofy tﬂl%cf%@efﬁni%étd)%tut%tz%%ﬂl/e%%%%zz ﬁ%ﬂaﬁpzs%?)/ 008153
and controls an output stage of the current held in the
current storage sections 3la and 31b to each output
terminal Tout.

10 It is determined that the current generation
circuit 10B, the shift register 20B (shift register
sections 2la and 21b), the current storage circuit 30B
(current storage sections 3la and 32b) and the input
side switch circuit 40B (switches 4la and 41b) have the

15 structures equivalent to those in the above-described
first embodiment, thereby eliminating the detailed
explanation.

Here, the first shift register section 21a
sequentially outputs a shift output as a switch

20 changeover signal SR1 with a predetermined timing to
the first switch 4la provided in accordance with the
first current storage section 3la in the current
storage circuit 30B provided in accordance with each
output terminal Tout. On the other hand, the second

25 shift register section 21b sequentially outputs a shift
output as a switch changeover signal SR2 with a timing

which does not overlap the timing of the shift output



42 fromthe shift register section 2la in tinme to the second switch 41b
provided in accordance with the second current storage section 31b in the
current WwWOaoag®3gT7rcuit 30B provided in accordance wi t irCEdeno03/bosass put
term nal Tout. Furthernore, the output side switch circuit 50B is
synchroni zed with the output timngs of the switch changeover signals SR
and SR2 fromthe shift register sections 2la and 21b based on an out put
sel ection 10 signal SEL outputted from 42non-illustrated control portion,
and operates so as to select the current storage section (non-selected
current stor%?e sgﬁtion, side) of the switch which is not performng the on
operation i n*tAB FRpufRdiLdereditbRrcBrEtiloN46B2 1B amehéocuheent drive
appar at us havgn% auch.? Sti cture, in a first operation period (a current
wite period SR thE"HFFEt 4¢Br PERVISEEr ageaseptronce1mishdshe current

out put perio h d_current storage_section 31b side), when the
switch changggggP&sgﬁﬁgﬁggzﬁggﬁ?gﬁrBﬁFEHng?i?tl§hFP? FBgrshér section 21a
is sequenti t pt t iitch.41a provided in _accordance with
the current g%%%%gg gg%%ﬁgﬁ gggagPO§£%58 &Hr?EEPrQPBFﬁg@lEPrEGFP 30B, each

sw tchs4la segugit teahh¥aeft6GES the on operation only in a predeterm ned
25 period, and electric charges corresponding to an operating current Ic

7 Each WD 30041 003671 PEY SEao8s) OBGTEY SUk I0BARCIARR! Lkl p ot er
synchronized with the output timings of the switch
changeover signals SR1 and SR2 from the shift register
sections 2la and 21b based on an output selection

10 signal SEL outputted from a non-illustrated control
portion, and operates so as to select the current
storage section (non-selected current storage section
side) of the switch which is not performing the on
operation in the input side switch circuit 40B.

15 In the current drive apparatus having such a
structure, in a first operation period (a current write
period on the first current storage section 3la side/a
current output period on the second current storage
section 31b side), when the switch changeover signal

20 SRl from the first shift register section 21a is
sequentially outputted to each switch 41a provided in
accordance with the current storage section 3la of each
current storage circuit 30B, each switch 4la sequen-
tially effects the on operation only in a predetermined

25 period, and electric charges corresponding to an
Operating current Ic supplied from the current

generation circuit 10B are sequentially written in each



43 current storage section 3la as a voltage conponent. At this nonent, the
swi tch changeover signal SR2 is not outputted fromthe second shift

regi st er woecnn3Zib, and all the switches 41b are in rhg/Jetd3msesase. 5
Moreover, at this nonent, the output selection signal SEL whi ch changes
over and sets the output side switch circuit 50B provided in accordance
wth each output termnal Tout to the current storage section 31b side is
outputted in comon, and an output enallPe 10 signal EN2 is outputted to al
the current storage sections 31b with a predetermned timng in common. As
a result, a current based on the electric charges which have been already
hel d i n eacKUEEERénts toresgs esddidroP 1B Hs iss wilhddearmsmysinerdut piitt ed as a
drive current ldv 15 to each | oad through each output term nal Tout wth
the sanme tiiAg™o8EESeqiest 1SY1tGh £haeasaydparianadn SFer ilsd i curr ent
out put period onthhe first current stora%e section 3la side/a current
wite periof R YHES SR SFFHY syidtage Hedmrorreri-ofi ddPrset after
term nation f _the . fist oqperati eri od, when the swiitch changeover

si gnal SR2 fapgmatlhetseecgﬁ'&%s?ﬁliel’st Qlaggiaézteerm & i° flscl?ties sequential |y

out puited to eac | QVIi i cordance w t-h the current
stolroage 25 secti gdr?%al of’ %ﬁlﬁsr rng%fdens ’o%glgee Ocu%rpcuﬁti tsegt%,tleoaq:h switch

41b sequenti pekfo h ?%%er i nl [ r erlnined period,
and el ectri gagﬁgrlgggtmgﬁggﬁ&%%% 77 3%%%5%0%&58% %uec%% ST

switch circuit 50B provided in accordance with each
output terminal Tout to the current storage section 31b
side is outputted in common, and an output enable

10 signal EN2 is outputted to all the current storage
sections 31b with a predetermined timing in common. As
a result, a current based on the electric charges which
have been already held in each current storage section
31b is simultaneously outputted as a drive current Idv

15 to each load through each output terminal Tout with the
same timing.

Subsequently, in a second operation period (a
current output period on the first current storage
section 3la side/a current write period on the second

20 current storage section 31b side) set after termination
of the fist operation period, when the switch
changeover signal SR2 from the second shift register
section 21b is sequentially outputted to each switch
41b provided in accordance with the current storage

25 section 31b of each current storage circuit 30B, each
switch 41b sequentially performs the on operation only

in a predetermined period, and electric charges



44 corresponding to the operating current Ic supplied from the current
generation circuit 10B are sequentially witten in each current storage
section 3Wb206/@38770l t age conmponent. At this nmonment, theCTPLmb/ods1s3
changeover signal SRl is not outputted fromthe shift register section
2la, and all the switches 41a are in the off state. Additionally, at this
nonment, the output selection signal SEL used to change over and set the
output side 10 switch circuit 50B to tHe current storage section 3la side
is outputted fromthe control portion in common, and the output enable
signal ENLl is outputted to all the current storage sections 3la with a

pr edet er ni nERTTESHORGHING domide oRera trigwulaur rendurie tudpdsed dirdrhe 15

el ectric charges held in each current storage section 3la in the first
operation perFof < eSitmisreieddary cigwit o ase keahenidaddnrent 1dv to
each |l oad through each output term nal Tout with the same timng. By
controllingwgﬁiﬁeg iy SEIN FITEEI SEPeRstE SfCtionpelito@ssé as to be

repeated i n@g%%(rggaggﬁgvgnterﬁtq %{treg t%ﬁ,?ﬂ@%g&tgp?tﬁ? %%gﬁz%clng t he operation

to hold the electric charges c _ _ _ ( current lc
curont st oF S08 078 She T RE s TR and B CHR TS Coferht 1GF 5 put the
ect i on ae The arPue coriem 2R are Mb 2008 SudEsBCH ha6a 08158
the off state.
Additionally, at this moment, the output selection
signal SEL used to change over and set the output side
10 switch circuit 50B to the current storage section 3la
side 1is outputted from the control portion in common,
and the output enable signal ENL is outputted to all
the current storage sections 3la with a predetermined
timing in common. As a result, a current based on the
15 electric charges held in each current storage section
3la in the first operation period is simultaneously
outputted as the drive current Idv to each load through
each output terminal Tout with the same timing.
By controlling such a first and second operation
20 period so as to be repeated in accordance with a |
predetermined operation cycle, the operation to hold
the electric charges corresponding to the operating
current Ic outputted from the current generation
circuit 10B in one of a pair of the current storage
25 sections 3la and 31b, and the operation to output the
current based on the electric charges held in the other

current storage section as the drive current Idv are



45 alternately executed in parallel. Therefore, according to the current
drive apparatus of this embodinent, |ike the above-described first

enbodi merwp 206unosgyer ati ng current outputted from5 the CmgPz08/0081ENt
generation circuit is sequentially fetched and held in each current
storage circuit (current storage section), and outputted with a
predetermned timng at the sanme tine. As aresult, the current with the
uni formcurrent characteristic 10 supplied from the single current source
can be held in accordance with each output termnal, and irregulari- ties
in the drive current between the respective output ternrnals can be

suppr essed. Framet e%¥rﬁﬁQCQﬁGQrk¥ Ranialdiftl st orage sections are provided

in accordance 15 ach output termnal, and the operation to
sequentially\thi¥?4ﬁf§ﬁﬁﬂnﬁq ?ﬁ%ﬁ%é§’c Eré§ﬁaﬁ§ﬂhgﬂiYﬁthe current

f c rr ener, at r.cui n one current st orage
ggi??éﬁegrd; ] &§Q$5§1 (# QHH’téﬁgﬁh§$%? JEU¥¥%nt baegd
th I el.d on_the . aother curr to ection side
g?ezgxecﬁtg ?%&L%r %ﬁ%%§£2 §%$b§ G- 2T e RRELS E%ﬁ?ﬁg%dt Teur r ent
wri t e soper atdp@n stl(?lgtliee cMé’rfacn]Ege?{]e A9%n S%citr'cq_{ltt ql Obe red Cfglé/;n 25 be

elimnated, the supply tine o |ve curren cat

ext ended, @t i R 8 0k £AC k102 ca 18,4 d 1181y, Ctont rol | ed.
Furthernnre the tine to fetch the operating current into each current
storage sect(iconramnt W20 ARIFALRCT 2R AMMRABLB with a
predetermined timing at the same time. As a result,
the current with the uniform current characteristic
10 supplied from the single current source can be held in
accordance with each output terminal, and irregqulari-
ties in the drive current between the respective output
terminals can be suppressed. Further, a pair of the
current storage sections are provided in accordance
15 with each output terminal, and the operation to
sequentially write the electric charges corresponding
to the current outputted from the current generation
circuit on one current storage section side and the
operation to simultaneously output the current based on
20 the electric charges held on the other current storage
section side are executed in parallel. As a result,
the waiting time for the current write operation to the
current storage section can be reduced or eliminated,
the supply time of the drive current to each load can
25 be extended, and the drive state of each load can be
finely controlled. Furthermore, the time to fetch the

Operating current into each current storage section and



46 hold it can be prolonged, thereby stably carrying out the holding
operation in the current storage section. <Third Enbodi nent of Current
Drive Appaoapeugee3d’G. 7 is a primary structural view sheerIg2@3/sostsd r d
enbodi ment of a current drive apparatus according to the present
invention. Here, the sanme or equivalent reference nunerals denote the
structures equivalent to those in the first and second enbodi nents,
thereby sinplifying or elimnating thef® explanation. 10 The current drive
apparatus according to the third enbodi ment has current storage sections
on two stages_ provided in series in accordance with each output term nal
to which a hedd il cownds edolongeads thershivt wiedhlso casrmyinexenit e an
operation to seg&gp_lS tially hold a current having a predetermned current
val ue suppl it8§ PrIAiR%sORGratdery dit thensidmient Gtog@de settilsa current
storage section_on_the front stage and, 6 an ,operation to hold the current
suppl i ed fréhgﬁﬁg‘E@&FF@HF“%t@Fa%@@ﬁ%Hﬁ(9¥%£%tﬁﬁ?qﬁ%ﬁﬁﬁétage by the 20
current storage i .0n the .rear stage.and then cqllectively outputs it
through the out put :lt’e?frlilnsala. pr,&énasr%\ﬁr?ﬁq}?tﬁ%l PSRN dri ve
apparatus agcordi IS odi copprises: a _single curyent
generation c?rc&ifﬂ%ﬁ%ﬁﬂhlghogg%hg%gﬁg ty%%gv%eﬁgpgfggu'nEQ&ﬂ; an
operating cubr @Rk ke ehawitng ngenpiiedet ermned gurr rding to a
drive state of thg | oad,; anplealr éLI Ity EI? cur rtgllr%t Sgﬁ%r\ggje%guﬁg%ﬁteglt\/\o
2004/ 003877 rBEELEN2R03ABR8EI3 denote the structures equivalent to

those in the first and second embodiments, thereby
simplifying or eliminating their explanation.

10 The current drive apparatus according to the third
embodiment has current storage sections on two stages
provided in series in accordance with each output
terminal to which a load is connected, and is
constituted so as to execute an operation to sequen-—

15 tially hold a current having a predetermined current
value supplied from a single current generation circuit
by the current storage section on the front stage and
an operation to hold the current supplied from the
current storage section on the front stage by the

20 current storage section on the rear stage and then
collectively outputs it through the output terminal.

As shown in FIG. 7, the current drive apparatus
according to this embodiment comprises: a single
current generation circuit 10C which sequentially

25 generates and outputs an operating current Ic having a
predetermined current value according to a drive state

of the load; a plurality of current storage circuits



47 30C each including a current storage section 32a on a front stage and a
current storage section 32b on a rear stage provided in series in

accor dancwowoednossrch out put term nal Tout; a shift regiPSTAP2@AWSAFE ch sets
a timng 5 when supplying the operating current Ic fed fromthe current
generation circuit 10C to the current storage section 32a on the front
stage; and switch circuits 40C each of which controls a supply state of
the operating current |c fromthe curreht generation circuit 10C to 10
each current storage circuit 30C. It is to be noted that the current
generation c'@cuit 10C, the shift register 20C, the current storage
circuit 30C:% Greent 13¢bYAdRT secERbhen B2atando@2ppchndnt B2aswhtah circuit

40C appl i ed %P this,_enbodi nent have the structures 15 eqéivalent to, e.g.,
those in thet ZH6b e (ST r PP FFREE N e bl AEnt SCEhEpPRbY2l| Omi Matéamy t hei r

detai | ed, explapati o 4, each sulsent, sLorage i fo 1, 90C, (e operating,
o e SO ESS AN AN AR R IS LR e o
o o TR BN S Sl S BlP O TR EED TS
Tonent, the Gurrent Srorage Secton 526 an thel b Sb0RD0dB a1 TS
PCT/ JP2003/ G38153n 32a on the front stage; and switch circuits 40C
each of which controls a supply state of the operating
current Ic from the current generation circuit 10¢C to
10 each current storage circuit 30C. It is to be noted
that the current generation circuit 10C, the shift
register 20C, the current storage circuit 30C (current
storage sections 32a and 32b) and the switch circuit
40C applied to this embodiment have the structures
15 equivalent to, e.g., those in the above-described first
embodiment, thereby eliminating their detailed
explanation.
In each current storage circuit 30C, the operating
current Ic supplied from the current generation circuit
20 10B is fetched into the current storage section 32a
with a predetermined timing, a corresponding voltage
component is held, and a current based on the held
voltage component is supplied to the current storage
section 32b on the rear stage with a predetermined
25 timing based on a first output enable signal EN1 fed

from a non-illustrated control portion or circuit. At

this moment, the current storage section 32b on the



48 rear stage fetches the current fed fromthe current storage section 32a
on the front stage, holds a correspondi ng voltage conponent, and outputs a
current wesed/wss7mhe hel d vol tage conponent through the@courpus/o®iser m nal
Tout based on a second enable signal EN2 fed fromthe control portion. In
the current drive apparatus having such a structure, in a first operation
period, a switch changeover signal SR fromthe shift register 20Cis 10
sequentially outputted to the switch ci4&uit 40C provided in accordance
with each current storage circuit 30C. As a result, the switch circuit 40C
sequentially perforns the on operation only in a predeterm ned period, and
el ectric chafees FV¥e afetases oiponentyerodr fes pbndnnghée ocanr eper at i ng
current Ic saﬁflied fromthe current generation circuit 10C is
sequenti al | YYWT39erSertiPR 338 rent the of aeet seeayen habdsom the front
stage. Furthernpre %ﬁ. t hi s%ﬂorrent, when the second 20 output enabl e signal
EN2 i s out putted TrUnTtHe EOht3eF CUBRRRIMt+ ARf | O Fellbeire epir BeIE age
sections 32h, géérﬁ% r.s es,in comon with predetermned timng, a
current basedé)on the tFelfé’gc ?fl%‘g%%%ﬁag%% WFLQW%EeJ&B%%%ghaWH%MtMéWd in each
currery storagg,sect ion,3 é@dzcﬁns- aneousl.y. out put t (L:h ahcijrive
current Idv to each ioad thr oug eéég%ééo% (%uefn?%Jrem' qnaI-Jg X\?i\lljia the same
timng. WO 20044 GO38 7/ RGH 1 RR003/ 408153
In the current drive apparatus having such a
structure, in a first operation'period, a switch
changeover signal SR from the shift register 20C is
10 sequentially outputted to the switch circuit 40C
provided in accordance with each current storage
circuit 30C. As a result, the switch circuit 40C
sequentially performs the on operation only in a
predetermined period, and electric charges (voltage
15 component) corresponding to an operating current Ic
supplied from the current generation circuit 10C is
sequentially written in the current storage section
32a on the front stage.
Furthermore, at this moment, when the second
20 output enable signal EN2 is outputted from the control
portion to all the current storage sections 32b on the
rear stages in common with a predetermined timing, a
current based on the electric charges which have been
already held in each current storage section 32b is
25 simultaneously outputted as a drive current Idv to each

load through each output terminal Tout with the same

timing.



49 Then, with a predetermned timng after conpletion of the first
operation period, the first output enable signal ENLl is outputted fromthe
control pwotoewosgy7all the current storage sections 32aCoAaPiea0ésisnt st age
in 5 comon. As a result, the current held in each current storage section
32a in the first operation period is collectively supplied to the current
storage section 32b on the rear stage and held (supply operation period).
10 Subsequently, in a second operation4Beriod set after conpletion of the
supply operation of the current to the rear stage in the current storage
circuit 30C, |ike the above-described first operation period, the swtch
changeover si gnalThSR/f Mgrhlt ive pfsidett amagirstdert i20@ 9l & fite mgaimp Isequent i al | y
outputted to _each switch circuit 40C. Consequently, the operating current

| ¢ suppl i ed®f tbf f£HEsEupPPeretdenepPatiien citheuiftl rsICouE pysgeaabilal | y
witten in the c reent storage ection 32a on the front stage and, at this
nonent , theségeaﬁd %ﬁtﬁ&to %gHF esy f&pgndhepeniteodupemtioa te eAd current

storage section _32b on the rear stage in_conmmon with a predeterm ned
5h nZhgt Ergnred?

timng. As areSufte ChuFPENt fr 6f &RG Therd shaggchNcurrent

25 carrent FAIToBy chRt FollPhg Ceunon CREFRES B Lndfacrsh GUFFSES so a8 to
be repeat ed«iBra6e0LdaRGEANELE 2nP LRSS TG V0 20040038 5
collectively supplied to the current storage section
32b on the rear stage and held (supply operation
period) .

10 Subsequently, in a second operation period set
after completion of the supply operation of the current
to the rear stage in the current storage circuit 30¢C,
like the above-described first operation period, the
switch changeover signal SR from the shift register 20C

15 is again sequentially outputted to each switch circuit
40C. Consequently, the operating current Ic supplied
from the current generation circuit 10C is sequentially
written in the current storage section 32a on the front
stage and, at this moment, the second output enable

20 signal EN2 is outputted to the current storage section
32b on the rear stage in common with a predetermined
timing. As a result, the current supplied from and
held in each current storage section 32b is
simultaneously outputted to each load as the drive

25 current Idv.

By controlling such a series of operation periods

S0 as to be repeated in accordance with a predetermined



50 operation cycle, the operation to hold the electric charges
corresponding to the operating current Ic outputted fromthe current
gener at i owO0e4c0887710C in  the current storage section 3®2a/Jemoshes15y ont
stage, and 5 the operation to output the current based on the current fed
fromthe current storage section 32a on the front stage and supplied
therefrom fromthe current storage section 32b on the rear stage as the
drive current Idv are executed in paraPlel. 10 Therefore, according to the
current drive apparatus of this enbodinent, |ike the above-descri bed
first enbodi ment, since the drive current of each output terminal is set
based on t hepregetaringyedererthe opekratdon e $iolgl eheuraleat: rgener at i on
circuit, 15 irregularities in the drive current between the respective
out put t er nFREFYSEaRObE cshpprésgedo thisr epeeat inidk eurrenabdve- descri bed
second errbodirnenﬁi‘,tte the supply tinme of the drive current to each | oad can

be prol ongeG¥RH ﬁef&PWv§%§¥§PéI@PteQ@Wﬂﬂ%&iq@aﬁiﬁ§ué¢ fli0keliy2 control | ed.
Addipionall¥ th%_t%n t% fgﬁch the. current into each current storage
section and &l §UFF BLafthe 8?t§ﬁ&3&9?tﬁgﬁeﬁﬁ‘§%§b@¢°€%eéﬁﬁﬂﬁg ©Re hol di ng
O o SPLISEBUSETTh SHOLATE, BeRbon, SEY L e Tt o Qurrent
erbodi Nt PlrBeAl KeR sty e AURRCANIS, LG 3. SRl e
front stage and supplied therefrom, from the current
storage section 32b on the rear stage as the drive
current Idv are executed in parallel.
10 Therefore, according to the current drive
apparatus of this embodiment, like the above-described
first embodiment, since the drive current of each
output terminal is set based on the operating current
fed from the single current generation circuit,
15 irregularities in the drive current between the
respective output terminals can be suppressed.
Mpreover, like the above-described second embodiment,
the supply time of the drive current to each load can
be prolonged, and the drive state of each load can be
20 finely controlled. Additionally, the time to fetch the
current into each current storage section and hold it
can be extended, thereby stably executing the holding
operation in the current storage section.
<Fourth Embodiment of Current Drive Apparatus>
25 FIG. 8 is a primary structural view showing a

fourth embodiment of a current drive apparatus

according to the present invention. Here, the same or



51 equival ent reference nunerals denote structures equivalent to those in
the first to third enbodi nents nentioned above, thereby sinplifying or

el i m nat iwg@ 2004v@8877expl anation. 5 In the structure descrPCha#d2aos/0easy unct i on
with the first to third enbodi nents nenti oned above, the current drive
apparatus according to the fourth enbodi mrent determ nes as one group a
structure including the predeterm ned nunber of output termnals, current
10 storage circuits provided in accordaxice with the output termnals, a
shift register and switch circuits, fornms each group on an individual

sem conductor chip, provides a si ngl e current generation circuit with
respect to H VIR (weinwsrtuctwre ohlip)derarite 15 suppiies a current
having a predetermned current value in comon. It is to be noted that, in
the fol | owi fFUEEHEET &eXdifsie, 1l g testr igtivh ailddivergisen as  to
t he case where the present |nvent|on is applied to the structure explained
in conj unct MEHEARE O{ Feord SE oty i nsutoy e ldai e igidni | ar | y
applied to any, ot her adi nent. As shown in FIG 8, the current drive
appar at us acc&r’rdleﬁ(éfltaé1 §1 ‘enbodi nent conprises: a predeterm ned nunber

Conj urct i on'vi th The Socomte BRI (et BRCLLl e et
S004r 003877 BT/ REbGS o ag <Y RhIRRRFSEILALS R it VO
drive apparatus according to the fourth embodiment
determines as one group a structure including the
predetermined number of output terminals, current
10 storage circuits provided in accordance with the output
terminals, a shift register and switch circuits, forms
each group on an individual semiconductor chip,
provides a single current generation circuit with
respect to each group (semiconductor chip), and

15 supplies a current having a predetermined current value
in common. It is to be noted that, in the following
concrete example, although description will be given as
to the case where the present invention is applied to
the structure explained in conjunction with the second

20 embodiment, but it can be similarly applied to any
other embodiment.

As shown in FIG. 8, the current drive apparatus
according to this embodiment comprises: a predetermined
number of output terminals Tout equivalent to, e.qg.,

25 the structure described in conjunction with the second
embodiment (see FIG. 6); a plurality of current storage

circuits 30D (current storage sections 33a and 33Db)



52 provided in accordance with the output termnals Tout; a shift register
20D (shift register sections 23a and 23b); a plurality of input side
switch ciwouwnes00dD (switches 43a and 43b); a pluralitycefirsespeosduct or 5
chips CP1, CP2, CPn on which circuit configurations having a plurality of
out put side switch circuits 50D are respectively forned; and a single
current generation circuit 10D which sequentially generates an operating
current Ic having a predetermned currem® 10 val ue according to a drive
stage of a load connected to each output term nal Tout with respect to
each of the sem conductor chips CP1, CP2, CPn and supplies it in conmon.
Here, the clRFEMAIYRnER AFePrdrResi willoD he t tretshi fterrghst @rT@OD; (shift

regi ster sectigns_23a and 15 23b), the current storage circuit 30D (current
storage sect i%Hsf%%e%ﬂt%%bqut heh kit reedistor agrctel o 2380Dd (curr ent

st orage secté&:}s, 33a J(a)mdEbT’:I‘J.E%tl:)) ,(a%h.e input, side switch circuit 40D (sw tches
43a and 43b)“and the ottt %iYe LW errtde ciitgorhasel thed @R ruct ures 20

Cher eby ol | MERETT T oS 6t ol TR0 bl S oh, O Lruts et ont
gﬁg%@al gg E)dlkai(r?ﬂagl it(;t%p'([))f t ’ebgtén:d(%%n &c%glri %CS?%?C%E’%, %%%]fg%%%%%tigé@ﬁhhgw ng
S T N
are respectively formed; and a single current
generation circuit 10D which sequentially generates an
operating current Ic having a predetermined current
10 value according to a drive stage of a load connected to
each output terminal Tout with respect to each of the
semiconductor chips CP1, CP2, ', CPn and supplies it
in common. Here, the current generation circuit 10D,
the shift register 20D (shift register sections 23a and
15 23b), the current storage circuit 30D (current storage
sections 33a and 33b), the current storage circuit 30D
(current storage sections 33a and 33b), the input side
switch circuit 40D (switches 43a and 43b) and the
output side switch circuit 50D have the structures
20 equivalent to, e.g., those in the second embodiment
mentioned above, thereby eliminating their detailed
explanation.
Here, the current generation circuit 10D may be
formed on a specific semiconductor chip among a
25 plurality of the semiconductor chips CPi, CP2, ‘-+ CPn
each having a circuit configuration including the

current storage circuit 30D formed thereto.



53 Alternatively, the sane circuit may be forned on each of the

sem conduct or chips CPl1, CP2, CPn, and any one of themmay be used to
cause ot hwp 28ewmiosgynduct or chi ps to enter non-operati ngPSTAPZ0&0&IEB be
bypassed. 5 Further, the current generation circuit 10D may be forned on a
sem conductor chip different froma plurality of the sem conductor chips
CP1, CP2, CPn. It is good enough that each of the sem conductor chips
CPl, CP2, CPn applied to this enbodinght is 10 formed of a sem conduct or
material such as single crystal silicone, and its material is not
restricted in particular. In the current drive apparatus having such a
structure, Bytexeetivagyt hehepepaei 6Arsiitl aryt bet farmed5onf ephb
above-descri bed second enmbodi ment, the operating current Ic outputted from
the current®§eh?af FBRCORAREGPE @bEPﬁsCEEppﬁPéd t'o $Her rapertyY ve

sem conduct or c?iga CP1, CEZ, CPn_in common, it is sequentially fetched
into one of ®Rep@dfr -BFMt HBYCHPr BAfIsEOr §§859005keFi §A¥188RI4AEOZ3b in t he
current sto circuit 30D provided in _accordance with each qof the
seniconduct%ﬁgsﬁh#%seﬁﬁﬁF P, °Peep }ngna%3%809Fe§80ﬁ%iEéPGBFF ge

pormopent (FubPhlr, FLALELIRER: BoGULEEIbnORRRALRP 18P nif) bRIC SOTRONCT!

held I n the ot current stora sectron s simu y outputted to

e o=, Sosmingy gndehtiotelcl e UERLELIS, gl ook of the
PCT/ JP2003/ §08258ity of the semiconductor chips CPl, CP2, -+ CPn.
It is good enough that each of the semiconductor
chips CPl, CP2, -+ CPn applied to this embodiment is
10 formed of a semiconductor material such as single
crystal silicone, and its material is not restricted in
particular.
In the current drive apparatus having such a
structure, by executing the operation similar to that
15 of the above-~described second embodiment, the operating
current Ic outputted from the current generation
circuit 10D is supplied to the respective semiconductor
chips CP1, CP2, ** CPn in common, it is sequentially
fetched into one of a pair of the current storage
20 sections 33a and 33b in the current storage circuit 30D
provided in accordance with each of the semiconductor
chips CPl, CP2, ' CPn, and a corresponding voltage
component is held. Furthermore, a current based on the
voltage component held in the other current storage
25 section is simultaneously outputted to the corre-
sponding load through the output terminal Tout of each

of the respective semiconductor chips CP1, CP2, ‘- CPn.



54 These operations are alternately and conti nuously
according to the current drive apparatus of this enbodi nent, only the
si ngl e cuwpent4/00387gener ati on circuit

is provided with r®Spae2008/008153

execut ed. Therefore,

sem conductor chips, and individual current circuits are not provided in

accordance with the respective sem conductor chips. Accordingly, the

circuit co
sinplified,
mnimzatio

| oads, sinc
supplied fr
circuit in

bet ween t he
sem conduct
uni f or m ope
di spl &y pan
i ncreased i
quality and
constituted
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nfiguration forned on each sem conductor chip can be 10

and the nunber of terninal ®4an be reduced, thereby achieving

n of the apparatus scale or decrease in the product cost.
Moreover, even if a plurality of sem conductor chips are provided in
accor dance WARSF RPHAbnDfathe Hirmateler rmmdl sontiBhicomsiegt ed to the

e the current having the wuniformcurrent characteristic

SRS ngle current source can be held in the current storage
each gﬁ?ico duct or_chi irregggarities in_ the drive current
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R G pACHF kG T
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n order to reallze i ni

At Peteett iR respective
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%gﬁagjr%tg%arogfgtée%ﬁiSstelongj.oossfﬂbe&tf'i SAHY)  the, %Jﬁtgglreat%%ﬁ%’s’%ri bed

n ik it ey ninger, of display pixels |
esedared! Faatthe SN0 PR G Y 01 mge

t he
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" S Seansy B SRR 2R - I A

by a WD 2004/ 003
are not provided in accordance with the respective

semiconductor chips. Accordingly, the circuit
configuration formed on each semiconductor chip can be
simplified, and the number of terminals can be reduced,
thereby achieving minimization of the apparatus scale
or decrease in the product cost. Moreover, even if a
plurality of semiconductor chips are provided in
accordance with the number of the output terminals
connected to the loads, since the current having the
uniform current characteristic supplied from the single
current source can be held in the current storage
circuit in each semiconductor chip, irregularities in
the drive current between the respective output
terminals and between the respective semiconductor
chips can be suppressed, thereby driving each load with
the uniform operation characteristic.

Specifically, in the later-described display panel
(see FIG. 15), even if the number of display pixels is
increased in order to realize the high definition of
the display image quality and/or a large screen of the

display panel and the data driver is constituted by a



55 plurality of driver chips (sem conductor chips), by sequentially

repeating for each row the operation to sequentially supply a

pr edet er mvpedosmwss7’ent according to display data out put Pea/IProosneshss si ngl e

current 5 generation circuit to the current storage circuit formed on each

driver chip and simultaneously supply the light emtting drive current

(drive current) to each |ight enitting el emrent with a predeterm ned

timng, the display data for one screer>of the display 10 panel can be

witten in each display pixel and the light emtting operation can be

performed with a_ predeterm ned brightness gradation. Therefore, inmage

i nf or mat i onPérERd T @ @afiivsint icdvipend Searigersitrder iize)camybe

excel lently display while suppressing 15 occurrence of display

i rregul arit FESVCREIAIH YERSEGETERY P rC@acentropy ithe Amsaradtios>-tI G 9 is a

primary structural .vi.ew show fifth enbodi ment of a current drive
dally

ng a
appar at us aCEFPEM FW@pH&g§eﬁFQQ%P9ﬁm%ﬂﬁd I enth e csamslizg equi val ent
20 reference n I enote _structures equivalent to those in the first to
fourth enbo Pné%%%ﬁﬁéhtﬁgﬁe8UE§ﬁ%&§, &ﬁ@Wb SISy iWF T61 tel i mi nat i ng
theirg expl Lan.. The.current. drive apparatus accordi.ng t.Q this 25
enbodi nent ?%%E §QEF§f§%§§P§%a§8|F§§ F%r%Fﬁ% g 6P 9 é?é%?l sinmple matrix

AP DL RRR S8Rl e PN SRRy R s 1 ve e
the light emitting drive current (drive current) to
each light emitting element with a predetermined
timing, the display data for one screen of the display

10 panel can be written in each display pixel and the
light emitting operation can be performed with a
predetermined brightness gradation. Therefore, image
information of the high-definition and large-screen
size can be excellently display while suppressing

15 occurrence of display irregularities.
<Fifth Embodiment of Current Drive Apparatus>

FIG. 9 is a primary structural view showing a
fifth embodiment of a current drive apparatus according
to the present invention. Here, the same or equivalent

20 reference numerals denote structures equivalent to
those in the first to fourth embodiments mentioned
above, thereby simplifying or eliminating their
explanation.

The current drive apparatus according to this

25 embodiment can be preferably applied to driving of,

e.g., a simple matrix type display panel (see FIG. 2),

and this can be applied to a drive mode which displays



56 a desired inmage by performng a pulse width nodulation (PW) drive node
by supplying a current having a fixed current and set to a supply tine
(pul se wiwODlpo4/@meg7or di ng to di splay data from each out peCTtIezaes/neEs15t o 5
each display elenent (load). The current drive apparatus according to this
enbodi mrent have a plurality of sem conductor chips, conprises a circuit
configuration which is the sane as one group including, e.g., the

predet ermi ned nunber of 10 output termbals, current storage circuits
provided in accordance with the output termnals, a shift register and
switch circuits described according to the fourth enbodinent, and has a
structure tRatdegdgiedsiinmglae inppter foumvient astrarlage wdidtduintodiud apri@d ded to an
i nput portion 15 of this circuit configuration. As a result, the operation
to fetch a fiP¥®d SFdventmade: dbn kapediviawt a stormegd diavduiot af drixeach out put
termnal on the sem conductor chip can be sinultaneously perforned on the
respectivel§u§§ﬁpgoﬁﬁﬁkﬁﬁﬁ &R Fs SRPdar &imel | (oud szo Witk ol | owi ng concrete

exanpl e, although.description wJll be given as to the case that the
present inv@ﬁﬁd%ﬁlnﬁé Qpﬁﬁﬁgﬁaﬁbdététﬁﬁ £& e SLBEd Hexmdddded on wit h

the fqurth di t....Jt .can _be lLikew se applied to any other enbodi nent.
Sohonn ST FAGEEg =Y, 13 et o

25 As shown in F e ve apparatus according to this
e Sonal nesiS P AT BA STy TSN o 0

embodiment have a plurality of semiconductor chips,
comprises a circuit configuration which is the same as
one group including, e.g., the predetermined number of

10 output terminals, current storage circuits provided in
accordance with the output terminals, a shift register
and switch circuits described according to the fourth
embodiment, and has a structure that each single input
current storage circuit is provided to an input portion

15 of this circuit configuration. As a result, the
operation to fetch a fixed current into the current
storage circuit for each output terminal on the
semiconductor chip can be simultaneously performed on
the respectively semiconductor chips in parallel. 1In

20 the following concrete example, although description
will be given as to the case that the present invention
is applied to a structure described in connection with
the fourth embodiment, it can be likewise applied to
any other embodiment.

25 As shown in FIG. 9, the current drive apparatus
according to this embodiment includes a circuit

configuration which is equivalent to, e.g., the



57 structure described in conjunction with the fourth enbodi nent and have
t he predeterm ned nunber of output termnals Tout, a plurality of current
st orage cWopo®38730E (current storage sections 34a andP84hp2qos/oesisied in 5
accordance with the output termnals Tout, a shift register 20E (shift

regi ster sections 24a and 24b), a plurality of input side switch circuits
40E (switches 44a and 44b), and a plurality of output side switch

circuits 50E. Furthernore, this apparats conprises: a 10 plurality of

sem conductor chips CP1, CP2, CPn each having an input switch circuit 60E
whi ch perfornms the on/off operation based on a shift output (swtch
changeover gitgidibude slascridred |iustongtud: tshit twi treditst efowrticont r ol

portion being formed thereon on a 15 front stage of the circuit

confi gur at i GPqdigienty@ang hawgpdthgaagdatenise ¢ mutienpef atitmptcurrent |c
outputted fromthe current generation circuit 10E is supplied and an input
current st orSgE S IO WOE IR IH 2 e 1Rds BHUF Tt ot QiR S e it GUiE T ur r ent
lc outputte from a.current generation cjrcuit 10E;, and the single
current gen%roé?i S cﬁerllctuisttolr(?@%kﬁeccrjflsqjﬁpﬁ‘!@s % 348?)edé?°e‘ﬂﬁ%d”bper ating

curremt Ic ta%éot}%arnqjseo%gghv%qes%g]é%q{%dic%%ﬁa%s@%%étags .. -,CPn in conmon.

The current generation Cirtcui (shift

i st ' : ' j 1 \30E t
Corage secttone Caag and TABY THE T AP TR e e IS A 4G v

storage sections 34a and Wi C
2004/ 003877 RGH23R200Y 00813 side switch circuits 40E (switches

44a and 44b), and a plurality of output side switch
circuits 50E. Furthermore, this apparatus comprises: a

10 plurality of semiconductor chips CP1l, CP2, ‘* CPn each
having an input switch circuit 60E which performs the
on/off operation based on a shift output (switch
changeover signal) from a non-illustrated shift
register or control portion being formed thereon on a

15 front stage of the circuit configuration, i.e., at an
input portion to which the operating current Ic
outputted from the current generation circuit 10E is
supplied and an input current storage circuit 70E which
fetches and holds an operating current Ic outputted

20 from a current generation circuit 10E; and the single
current generation circuit 10E which supplies the
predetermined operating current Ic to the respective
semiconductor chips CP1l, CP2, ‘- CPn in common.

The current generation circuit 10E, the shift

25 register 20E (shift register sections 24a and 24b), the

current storage circuit 30E (current storage sections

34a and 34b), the input side switch circuit 40E



58 (switches 44a and 44b) and the output side switch <circuit 50E applied
to this enbodi nent have the structures equivalent to those in the fourth
enbodi mrerwoO 2enodsIned above, thereby elimnating the detrairlez)03008153
description. Here, the input switch circuit 60E provided to each of the
sem conductor switches CP1, CP2, CPn perfornms the on operation based on a
shift output (swtch changeover signal) sequentially outputted from 10 a
non-illustrated shift register (or a caftrol portion), sets the operating
current Ic outputted from the current generation circuit 10E to the wite
state in order to feed this current to each of the sem conductor chips
CP1, CP2, - Crritcher i rand 44blmmdictha omimer $héd¢ st aper ati ng
current Ic is fetched into and held in the input current storage circuit
70E. The i fptRCWhy ridtt atobigp & rdii s ad®dbrentherate uttarr e equi val ent
to, e.g., that of the current. storage circuit in the first enbodi nent
nmenti oned 20° TGt eHEV AR e atRORE i ridir Teupih pritkeditenin t he
current generati.on circuit 10E with a predetermned timng that the input
switch cir cﬁ?ﬁntédﬁlee&nta}rosv‘?hgtﬁb‘?e@ A HA HL R O r&RpohEhg vol t age
conponent,  ayd. qut t&h:he operating current Ic based on the held 25

t

vol t age conponent 't0 the current storage circuit 30E (any one of the

CUTEST 35T, R0 G R oot At s 2!
each of the semiconductor switches CP1, cp2, -+ CPn
performs the on operation based on a shift output
(switch changeover signal) sequentially outputted from

10 a non-illustrated shift register (or a control
portion), sets the operating current Ic outputted from
the current generation circuit 10E to the write state
in order to feed this current to each of the
semiconductor chips CP1, CP2, ** CPn, and controls in

15 such a manner that the operating current Ic is fetched
into and held in the input current storage circuit 70E.

The input current storage circuit 70E has the
structure equivalent to, e.g., that of the current
storage circuit in the first embodiment mentioned

20 above, fetches the operating current Ic outputted from
the current generation circuit 10E with a predetermined
timing that the input switch circuit 60E enters the on
state, holds a corresponding voltage component, and
outputs the operating current Ic based on the held

25 voltage component to the current storage circuit 30E
(any one of the current storage sections 34a and 34Db)

through the input side switch circuit 40E (any one of



59 the switches 44a and 44b) in each sem conductor chip based on an out put
enabl e signal outputted froma non- illustrated control portion. In the
current dwDweeodAppsrrat us havi ng such a 5 structure, thePopgdrPa8/meg1surrent
Ic having a predeterm ned current value outputted fromthe current
generation circuit IOE is supplied to each of the sem conductor chips CP1,
CP2, CPn in common, it is sequentially fetched into the input current
storage 10 circuit 70E through the inpa® switch circuit 60E provided in
accordance with each of the sem conductor chips CP1, CP2, CPn with a
predetermned timng, and a correspondi ng voltage conponent is held. In a
first operattihen sperticdes & deurarshtd s ddh arecls sdre cooldiagercenygnent hel d in
the input current storage circuit 70E is supplied to one storage section
of the cur P&V ade BItPA ter3dR § &ignalt lealtioutdtedc imoenta rstror age
section 34a), .thrqugh one switch in the input side switch circuit 40E in
common (e. gLt i9F I%t}esq o tLRL QP48 i n each of the semiconductor chips

CP1, CP2, - CPn,Irg egcg%(?ﬁj{q%bstp\%djivng v%o?qnent is held. At this
moment, a current ba FgfP ME R UES Been al ready
25 (c75.  tRe SLCARE o P FORE te i ae SHERn 1S4ty A9 & mul Lancously
00 Boou oS BB P Y VA oA, G el = Tout
generation circuit 10E is supplied to each of the
semiconductor chips CP1, CP2, :* CPn in common, it is
sequentially fetched into the input current storage
10 circuit 70E through the input switch circuit 60E
provided in accordance with each of the semiconductor
chips CP1l, CP2, '+ CPn with a predetermined timing, and
a corresponding voltage component is held.
In a first operation period, a current based on
15 the voltage component held in the input current storage
circuit 70E is supplied to one storage section of the
current storage circuit 30E (e.g., the first current
storage section 34a) through one switch in the input
side switch circuit 40E in common (e.g., the first
20 switch 44a) in each of the semiconductor chips CP1,
CP2, '+ CPn, and a corresponding voltage component is
held. At this moment, a current based on the voltage
component which has been already held in the other one
storage section in the current storage circuit 30E
25 (e.g., the second current storage section 34b) is
simultaneously outputted as a drive current Idv to the

respective output terminals Tout.



ubsequently, with a predetermned timng after conpletion of the first
gge?atiog perigd, t he opgrating current lc outputted fromthe current
gener at i owo 200408$77 10E i s again sequentially fetched i rCo/Jamushesiss 5 in
the input current storage circuit 70E through the input switch circuit 60E
provided in accordance with each of the sem conductor chips CP1, CP2, CPn
with a predetermned timng. Then, after conpletion of the first operation
10 period, in a second operation period®®hich is set after termnation of
the fetching and hol ding operation of the operating current Ic into the
input current storage circuit 70E Iike the above-described first _
operation period>UPREILGREEHL Ué§bdaoﬁr?ﬁ@t9@m@agé tompogentthel d 15 in

the i t curren torage circuit 70E is supplied to the other one storage

segt:gﬁuinct%%m%%?géﬂ? %%o?%heglE?Fc%Pff?EE?ﬁe?%z}?ﬁgﬁtbg{zgﬁgiffgﬁage
ction 34b gh_.the, ot her .ope s _ _

i?rcuit 40E??%%€%€ytﬂ% %Q}Q%Et%ﬂb r?%?%%%hCBET?%EV%?n§§2¥E%%dgﬁéﬁ[ ?QIEZId.
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hel d i -ﬁﬁggi i h n{, . o} . CLrcul t E (e.g., e

cﬁrreﬁ? g?ﬁrﬁ%gﬂggg%ion f%E%Za &iﬁt§ﬁ%é§ié%{é%%%?g|(ﬁpfﬁ#?%dt?§

si mul t aneousinpuowwitdedit-the 6 6\iri’&ecfu%rg"%%&?f@1£@é Syfoyt as a
drive current Idv. WO 2004/003877 PCT/ JP2003/0081
each of the semiconductor chips CP1, CpP2, ' CPn with a
predetermined timing.
Then, after completion of the first operation

10 period, in a second operation period which is set after
termination of the fetching and holding operation of
the operating current Ic into the input current storage
circuit 70E, like the above-described first operation
period, the current based on the voltage component held

15 in the input current storage circuit 70E is supplied to
the other one storage section in the current storage
circuit 30E (e.g., the current storage section 34b)
through the other one switch in the input side switch
circuit 40E (e.g., the switch 44b) in each of the

20 semiconductor chips CP1, CP2, :* CPn in parallel, and a
corresponding voltage component is held. Furthermore,
at this moment, the current based on the voltage
component held in one storage section in the current
storage circuit 30E (e.g., the current storage section

25 34a) in the first operation period is simultaneously
outputted to the respective output terminals Tout as a

drive current Idv.



61 By repeatedly setting such a series of the operation periods in
accordance with a predeterm ned operation period, the operation to
sequent i aWwbyobualoas77t he operating current |c outputted fPomIP®3/00815ENt 5
generation circuit 10Cin the input current storage circuit 70E in the

i nput portion, supply it to the current storage circuit 30E on the rear
stage and fetch it into one storage section in the current storage

circuit 30E and the operation to outpuflthe current 10 held in the other
storage section as the drive current 1dv to the respective out put
termnals Tout at sanme tine are alternately and continuously execut ed.
Therefore, accor &g areatiedlcursasiingr isveh appermitas of e s enbodi nent, a
current outputted from 15 the single current %fneration is sequentially
fetched inPBeFREIPRpECTEGISei SCsodgansier eliitth pr ovieded snmiaecor dance Wit h
each sem conductor. chip, .it is then fetched into and held in the current
st or age cirgﬁﬁfa%ﬁontﬁ@rﬁé§P EPSTRHIGEd tion secteidaindd Yo deach out put
20 terninalt%% i n_each,sem condu r.chip, and it is collectively

LI el
out putted wi §%%?35§Pgrﬁﬁﬁg&nﬁi CnGULP %q%£§ the cdgmeatities in the
dri : : i, t put t i nal b d,
r|ve5curreggnegg%@%%ncEQ%uﬁﬁsg%% L YE +RY ﬁ§p£§e%ﬁgﬁ%@}r%%gr§§§rSquresse

and the operation to fetch the currént™in age circuit

correspondi pg,tQithe o@ut Ukt 8F 11 RA .each l,condugtor_.chip can be
per f or med befmeén t he %espegtiv gekfg%% %été%ggﬁgbgﬂiﬁopgpgllel. WO

2004/ 003877 cReteaP2@@310081%3 rcuit 30E on the rear stage and fetch

it into one storage section in the current storage
circuit 30E and the operation to output the current
10 held in the other storage section as the drive current
Idv to the respective output terminals Tout at same
time are alternately and continuously executed.
Therefore, according to the current drive
apparatus of this embodiment, a current outputted from
15 the single current generation is sequentially fetched
into the input current storage circuit provided in
accordance with each semiconductor chip, it is then
fetched into and held in the current storage circuit on
the rear stage provided in accordance with each output
20 terminal in parallel in each semiconductor chip, and it
is collectively outputted with a predetermined timing.
As a result, irregularities in the drive current
between the respective output terminals can be
suppressed, and the operation to fetch the current into
25 the current storage circuit corresponding to the output
terminal of each semiconductor chip can be performed

between the respective semiconductor chips in parallel.



62 Therefore, the tinme required to fetch and hold the current in each
current storage circuit can be prolonged, thereby stably effecting the

hol di ng wWpep@iossy7i n the current storage section. 5 HeP€eTI/JPenoshosss3

enbodi nent, the operating current Ic fetched and held by the input current
storage circuit 70E provided in accordance with each of the sem -
conductor chips CP1, CP2, - CPn is sequentially fetched into and held in a
plurality of the current 10 storage cir@duits 30E provided in the respective
sem conductor chips CP1, CP2, CPn, and it is outputted fromthe
respective output termnals Tout at the sanme time with a predeterm ned
timng. The Breuoxar ridie tine stgplire tio efetch cadd tho baigtheach out put 15
term nal Tout becomes a constant current having the sanme current val ue
with each ti%rri@e.ntFulrI% HeaCh  qliprerer storges fovmawit vialg loé pul se width

nmodul ation (P b usi.ng the current drive apparatus according to this
enbodi nent , (Qr\é\%m@%% e?heg]%e@ho%ﬁ‘ki’w Mideding Rl @na PWM cont rol

Cer mnal oSS SHe 01 ST 451 e aHert T S P4 A appl | cati on t1 e of
(e murrent to be.supeliothio sgellead |5 Sontiol e, n., accor dnce w th
el of (B TSN e SRR M e S ™
PCT/ JP2003/ @81 ¥¥ovided in accordance with each of the semi-
conductor chips CP1l, CP2, ‘** CPn is sequentially
fetched into and held in a plurality of the current
10 storage circuits 30E provided in the respective
semiconductor chips CP1, CP2, *** CPn, and it is
outputted from the respective output terminals Tout at
the same time with a predetermined timing. The drive
current Idv supplied to each load through each output
15 terminal Tout becomes a constant current having the
Same current value with each timing. Further, in order
to perform driving of pulse width modulation (PWM) by
using the current drive apparatus according to this
embodiment, for example, as shown in FIG. 9, by adding
20 a PWM control circuit 65E by which display data IN is
supplied between each output terminal Tout and the
display element (load) and an application time of the
current to be supplied to each load is controlled in
accordance with the display data, each load can be
25 Caused to operate by pulse width modulation (PWM) .
This PWM control circuit 65E may be integrally formed

in each of the semiconductor chips CP1, CP2, -+ CPn, or



63 it may be forned on a sem conductor chip different from the respective
sem conduct or chips so as to be electri- cally connected to the respective
sem conduwwODano4atBgys CPl, CP2, CPn. 5 That is, in a | arerddzmsnishsd sinpl e
matrix type display panel (see FIG 20), by sequentially repeating for
each row the operation to supply a light emtting drive current (drive
current) having the uniformcurrent characteristic and consisting of a
constant 10 current set to a supply ti®d (pul se width) according to each
di splay data fromall of the respective output termnals of the driver
chi ps (sem conductor chips) constituting the data driver with respect to
the |ight enffandel &S qi cadsmicpralypristetarip nbdf hispl ayfAdn peri od,
the display data for one screen of the display panel can be witten in
each di spl ay-¥i XESRERE TR semignndirtay midapersa iam tabde psrfor-ned with
a predeternm ned brightnes radati on. Thus, desired image infornmation can
be excel | entS %t}f Scarg%%%ilqg%%% SRS Ry e B alidap ay
irregularitkﬁﬁ: i%!xth E%bodinent of Current Drive Apparatus> FIG 10 is a
primary structidral View s 8mjng a sixth enbodinment of a current drive

appar at us accordi to,t present invention. Here the same or equival ent
& jg'se’nr(}ten ey 5 &escrqllﬁ?/dalsé]ﬁ?&[% BHIsE iTWR%e first to

25 reference nuneral s e structures e
thei 1 1D 2000 00387 T Bat 155503 Sop{ad 7 Y SARCHINY Yoyt | ne
for each row the operation to supply a light emitting
drive current (drive current) having the uniform
current characteristic and consisting of a constant
10 current set to a supply time (pulse width) according to
each display data from all of the respective output
terminals of the driver chips (semiconductor chips)
constituting the data driver with respect to the light
enitting elements (loads) in a predetermined display
15 period, the display data for one screen of the display
panel can be written in each display pixel and the
light emitting operation éan be performed with a
predetermined brightness gradation. Thus, desired
image information can be excellently displayed while
20 suppressing occurrence of display irregularities.
<Sixth Embodiment of Current Drive Apparatus>
FIG. 10 is a primary structural view showing a
sixth embodiment of a current drive apparatus according
to the present invention. Here, the same or equivalent
25 reference numerals denote structures equivalent to
those in the first to fifth embodiments mentioned

above, thereby simplifying or eliminating their



64 explanation. In the structure described in conjunction wth the
above-described fifth enbodinent, a current drive apparatus according to

t he si xt hwerbediosssnt has a 5 structure that an input cuPCEIP2®5/008A5E
circuit provided in accordance with each sem conductor chip has a pair of
current storage sections provided in parallel. In the follow ng concrete
exanpl e, although description will be given as to the case that the 10
present invention is applied to the stfdcture described in conjunction
with the above fifth enbodinent, but it can be |ikew se applied to any

ot her enbodi ment. Specifically, as shown in FIG 10, in the structure of
the fifth ef¥pdigddtiotsee FIG 9), the 15 current drive apparatus
according to this enbodi nent has a structure that an input current storage
circuit 70F provitdddaastEnatipin dsenisedbfinammishadmn widddudteor chi ps
CP1, CP2, n_i ncl udes, a pai,r_ of urrent storage sections 7la and 71b
arranged i n226VFar@S It Bact %l(;&g’he S meRd /i FiCHFSAt $Hivéh circuits 60F
and 80F useg %o S, ective%ﬁfconnec one .of _the_ current storage sections

71a and 71b°& grprgﬁiﬁg&o 106h &0 fBG SddE STPOHESHt BFES & de of the
i i it . t h t t lied to 25 thi
|nput5curre%§ru%%%&%g%h%%r%5}Hpégﬁ cﬁ@%e th%#O§Pz%fﬁ§re_an e 0] I's

enbodi nent S a structure equ ent fo h enbodi nent

gggz;gggg7?B%é%}?%?%%%?égg%%?ﬁh@%tM&QhﬁQ%d%e%%hh%%nﬁhkﬂ% u%%iﬁmgas

a pair of current storage sections provided in
parallel. 1In the following concrete example, although
description will be given as to the case that the

10 present invention is applied to the structure described
in conjunction with the above fifth embodiment, but it
can be likewise applied to any other embodiment.

Specifically, as shown in FIG. 10, in the

structure of the fifth embodiment (see FIG. 9), the

15 current drive apparatus according to this embodiment
has a structure that an input current storage circuit
70F provided at an input portion of each of semi-
conductor chips CPl, CP2, ‘* CPn includes a pair of
current storage sections 7la and 71b arranged in

20 parallel with each other and individual switch circuits
60F and 80F used to selectively connect one of the
current storage sections 7la and 71b are provided on
the input side and the output side of the input current
storage circuit 70F. Any other structure applied to

25 this embodiment has a structure equivalent to that of
the fifth embodiment mentioned above, thereby

eliminating the detailed structure.



65 In the current drive apparatus having such a structure, an operating
current Ic outputted fromthe current generation circuit 10F is supplied
to the rwepeetiossy7sen conductor chips CPl, CP2, CPn i RC¥Jezosnesisand it
is applied to the switch circuits 60F and 80F provided at the input
portion of each of the sem conductor chips CP1, CP2, CPn. As a result,
the operation to sequentially fetch the operating current |Ic into one of
a pair of the current storage sections®30 7la and 72b of the current
storage circuit 70F and hold a correspondi ng voltage conponent and the
operation to supply the operating current Ic based on the voltage
conponent whi ch Has theeguainesdadyrtioled apparted st hervisiddesudio aa plural ity of
the current storage circuits 30F on 15 the rear stages are alternately and
cont i nuous| §trEgEEGEedannOparatiem. cluy rens Jﬂapmtpugftetdhér@m téet storage

circuits 30F on %he rear stages, the operation to sequentially fetch an
operating cGPFERPL GSPEFALEEmM A& Clhput OfurBesirPd igCotagéhei rcuit 70F into

one of the current .storage sections 35a and_35b with a _predeterm ned
tining and r?ﬁBeSEéygtF8ﬁ1F8n§BFF85théPf GhtputFehe ¢uFFBni®based on the

I h h i.d h h h . i nal
Al tor vat of yeAMICBsnEPRuBUsTy JBPhIERutEd T AAPAFTer L PHARSt P8 accor di ng

. u i affef’ “fie coor di
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semiconductor chips CPl, CP2, :* CPn. As a result, the
operation to sequentially fetch the operating current
Ic into one of a pair of the current storage sections

10 7la and 72b of the current storage circuit 70F and hold
a corresponding voltage component and the operation to
supply the operating current Ic based on the voltage
component which has been already held on the other side
to a plurality of the current storage circuits 30F on

15 the rear stages are alternately and continuously
executed in parallel.

In a plurality of the current storage circuits 30F
on the rear stages, the operation to sequentially fetch
an operating current Ic fed from the input current

20 storage circuit 70F into one of the current storage
sections 35a and 35b with a predetermined timing and
the operation to collectively output the current based
on the voltage component held on the other side through
the output terminal are alternately and continuously

25 executed in parallel.

Therefore, according to the current drive

apparatus of this embodiment, in the state that the



66 current outputted fromthe single current generation <circuit is
sequentially witten into one input current storage section of the input
current sworagenosscuit provided in accordance with ea®lTgenosoesdssct or
chip, 5 the current held in the other input current storage section is
supplied to, fetched into and held in the current storage section provided
in accordance with each output termnal. Thus, the time required to fetch
and hold the current in each input curéent storage 10 section can be
prol onged, and the holding operation in the input current storage section
can be stably carried out. Further, since the waiting tinme of the
oper ati on ?Brﬁﬁﬂteoﬂhﬁuéﬁﬁﬂeﬁromotéacﬁlsehﬁcgn@uenbrgehepatannbe reduced
or elimnated, the supply time of the drive 15 current to the | oad can be
prol onged, FhEFehY %Fn%??ueEBhﬁiéVIWﬁ@tFﬁé #Rtvecseai BPUENCERE§NENDOdI MeNt
like the fifth enbodl %honed above, the drive current |dv supplied
t

to each o8 Ofﬂg%uéﬁ éeﬂ 9  tBPRENSGITTBOE BEEBABS &1POUENst ant
T o R 5 TS SRR B, P B e
pul o2 v SUnRuial Lap (EVM A Lye JDRE,e0gagl kil Lag: Loseaypely Lire
operated i ngg-gdesired sQﬁﬁYﬁeétéé?-f¥%%ﬁ88459938gzdPﬁgﬂ&Pg90§ﬂ808153 67
current storage section provided in accordance with
each output terminal. Thus, the time required to fetch
and hold the current in each input current storage
10 section can be prolonged, and the holding operation in
the input current storage section can be stably carried
out. Further, since the waiting time of the operation
to write the current to each semiconductor chip can be
reduced or eliminated, the supply time of the drive
i5 current to the load can be prolonged, thereby finely
controlling the drive state.
In this embodiment, like the fifth embodiment
mentioned above, the drive current Idv supplied to each
load through each output terminal Tout becomes a
20 constant current having the same current value with
each timing. Further, like the fifth embodiment, by
providing the PMW control circuit 60F, applying the
pulse width modulation (PWM) drive mode and adjusting
the supply time (pulse width) of the constant current
25 to each load, each load can be operated in a desired

drive state.



<Sevent h Enbodi ment of Current Drive Apparatus> FIG 11 is a primary
structural view showing a seventh enbodi nent of a current drive apparatus
accor di ngwoaoedme3giresent i nvention. Here, the same or 5PeqUPmb/ersls3
reference nunerals denote structures equivalent to those in the first to
si xth enbodi nents, thereby sinplifying or elimnating their explanation.
The current drive apparatus according to the seventh enbodi nent has a
structure that a plurality of 10 refefénce currents supplied fromthe
single reference current generation circuit including a plurality of
reference current generation sections which generate and output reference
currents haRSfyeahly émbodkiimess g6t Curreas: thr ihey @ppeightisngs di fferent from
each other are 15 individually held in a plurality of the reference

current storage i dns 7 gvikkednany ddeorefatcel witdw stheviref ex ence
currents and predeternmned currents according to drive states of |oads are
sequent i al | ;?ep‘)’& SEEPPISEF S th& Pt @}r%‘fr@e@mm@etmsm digital 20

i nput si gnal As,..shown in FIG 11, the current drive apparatus according

to this ombd SETTComdr TS PLE S e TEYER T 1 QT eMteTGandist iSGHec iTC Ui t
f ent i i rcuit), 10G incl uding.f f 25
( re er5ence %%E%lenQer}%rﬂtrle eCIan%%Ifé)l\ﬂ-lida?lor‘l-l%éi | Ir‘]lgfl} CJ):_UI’ rererence

current generation sections a to AY%? generate and

LR SR SARATSORNS e Justt AeLS g ST SRS, T €0
thereby simplifying or eliminating their explanation.

The current drive apparatus according to the
seventh embodiment has a structure that a plurality of

10 reference currents supplied from the single reference
current generation circuit including a plurality of
reference current generation sections which generate
and output reference currents having current values set
so as to have welghtings different from each other are

15 individually held in a plurality of the reference
current storage sections provided in accordance with
the reference currents and predetermined currents
according to drive states of loads are sequentially
generated based on the predetermined number of digital

20 input signals.

As shown in FIG. 11, the current drive apparatus
according to this embodiment comprises: a reference
current generation circuit (reference current
generation circuit) 10G including four reference

25 current generation sections lla to 11d which
individually generate and output reference currents 11,

I2, I4 and I8 to which weightings of, e.dg., 1:2:4:8 are



set; a shift register SFR which sets a tim ng when collectively supplying
the respective reference currents 11, 12, 14 and 18 fed fromthe reference
current gwpeonatiossy’circuit |OGto a reference current 5PESTOPAYROEEIFTUItS
90G in parallel; the current storage circuits 90G each having a plurality
of reference current storage sections 91a to 91d which individually fetch
and hold reference currents 11, 12, 14 and 18 supplied fromthe reference
current generation circuit 10 10G inpué8side switch circuits SWA each of
which controls supply states of the reference currents 11, 12, 14 and 18
fromthe reference current generation circuit 10G (reference current
generation s&8fiodsshift regipdprt 8FRhwhichesehseaculménty shenage circuit
90G 15 based on. a timng set by a switch changeover signal (shift output)
SRs outputteﬂor}%ﬂ¥%ﬁ%l¥hPFPpié@P§tEhe sFReacthva peédetecai ned tim ng;

out put side switch c&;cu;%s igradation current generation circuits) SWB
each of whi ch'5eFREPsthn afbi tFarydr &Fefeficérenr Fbat referenceage section in
the referenc n torage section a to 91d constituting the

ref erence cu??%%%ﬁgs%%ﬁgﬁ%gg??cﬁ%?cgb%i%égn%?n%sr%gﬂagyc?h%uFéﬁ@Fence

currerd s hel g i e d ference rrent, storage  section and
genergies a %Eé?%%% ?§§%§€%%Q9g6pféd% 5?£§%£ﬁ1%%ﬁ EEFE%HF SapGege

correspondi ngitQua-droye siat enofs X rality.of current storage
Circuits 30G which —are provide%é}ﬁga%ggg%gﬁ%gkijgﬁ ﬁégﬁr%ﬁ?ﬁut termnal WD
2004/ 003877 R H20986 0084 53cc6ons 91a to 91d which individually

fetch and hold reference currents Il1, 12, I4 and I8
supplied from the reference current generation circuit

10 10G; input side switch circuits SWA each of which
controls supply states of the reference currents I1,
I2, I4 and I8 from the reference current generation
circuit 10G (reference current generation sections lla
to 11d) to the reference current storage circuit 90G

15 based on a timing set by a switch changeover signal
(shift output) SRs outputted from the shift register
SFR with a predetermined timing; output side switch
circuits (gradation current generation circuits) SWB
each of which selects an arbitrary reference current

20 storage section in the reference current storage
sections 9la to 91d constituting the reference current
storage circuit 90G, combines (adds) the reference
currents held in the selected reference current storage
section and generates a current Is having a predeter-

25 mined current value corresponding to a drive state of a
load; a plurality of current storage circuits 30G which

are provided in accordance with each output terminal



Tout and fetch and hold the current |Is generated by the output side switch
circuit SWBwith individual timngs; and a plurality of swtch circuits
40G whi chwer2e04/qe88y7i ded i n accordance with the current PCONRYO3BOSIFY cuits
30G and control a supply state of the current Is fromthe output side
switch circuit SWB to each current storage circuit 30G based on a timng
set by a non-illustrated shift register (specifically, this is equivalent
to the shift register shown in FIG 1). 620 In this enbodi nent, the
structure having the reference current generation circuit 10G the
reference c r&gnt staorage circuit 90G the input side switch circuit SWA
and the out p&to i @95 \eteh @nce ot dswB ehawi r e et igem eas t & Wy eite
generation circuit which 15 nerates and outputs the current Is having a

u
pr edet er m ned VAl eségfoﬁﬂﬂﬁ% G1& CYrlity St atidhofingldoti duadad:.iniimersst r uct ur e

havi ng the cyrrent r circui.ts 30G and the switch circuits 40G has a
function asgéacﬁerﬁgagggﬁaaé V&GP CdesEiited 0Gn bdsjhumei on 20 with the

f oregoi ng enpedin S. i.n._the current drive apparatus according to
this enbodiggnt,gﬁﬁg %Pﬁ%%?ﬁ%&gPﬁg|w %hg%gﬁecﬁFéﬁéﬁeFioﬁﬁﬁ@d nurmber of the

out put 5t er m paksyTeut zokhgnau stor circuits 30G respectively
provi ded in acco?dance 25 Rﬁt%B?E%O%u%pﬁgggéynﬁﬁgFg ?%ugpetﬁngﬁBGt si de

Gencr at et he predeterm nedbour ant e Snpried re B 2bhar0ge 77

PCT/ JP2003/ 068t68nt768torage circuit 30G based on a timing set by a
non-illustrated shift register (specifically, this is
equivalent to the shift register shown in FIG. 1).

10 In this embodiment, the structure having the
reference current generation circuit 10G, the reference
current storage circuit 90G, the input side switch
circuit SWA and the output side switch circuit SWB has
a function as a current generation circuit which

15 generates and outputs the current Is having a
predetermined value according to a drive state of each
load. The structure having the current storage
circuits 30G and the switch circuits 40 has a function
as a current storage circuit described in conjunction

20 with the foregoing embodiments.

Here, in the current drive apparatus according to
this embodiment, the structure including the predeter-
mined number of the output terminals Tout, the current
storage circuits 30G respectively provided in accordance

25 with the output terminals Tout, the input side switch
circuits 40G, the reference current storage circuit 90G

which generates the predetermined current Is supplied to



rrent storage circuits 30G and the input side and output side switch
E??cﬁ?ts SWA and %MB is determ ned as each group, and each group is fpran
on each oWothet/oosssmi conductor chips CP1, CP2, -- CP2. FeCTrhez030¢sasb S|Eg e
reference current generation circuit 10OGis provided with respect to the
groups (sem conductor chips) in such a manner that the reference currents
1, 12, 14 and 18 outputted fromthe reference current generation circuit
| OG are supplied in common. 10 The refef®nce current generation sections
Ilato |id have the circuit structure (see FIG 2) equivalent to the
current gener tion circuit described in accordance with the foregoing
enbodi ment s, gﬁchFrPQt 58§§ﬁ5?ecﬂﬁcabﬁﬁy3§Gsandctbee1opua|Bedebﬁnd

i t hat
appro rlatel esi.,gni n he circuit configuration in such a nmanner
apPatPo of tég% Er@ﬁ %&ég hoflrREitsf 8FBnerd EWRr éat defenmiatddaby t he

reference cu ctions lla_to ild becones, e.g., 1:2:4:8.

It isto égggt89§ﬁ§¥a%hgngﬁthgFSBPsﬁérf@ﬁ@?dtﬁé ?éﬁérSfC§?20933;rené
t or section 9la to an

fLZr?ESUE'éfﬁéﬁzaﬁﬁéﬁééﬁ%ﬁéﬁ?ﬁgs L apprred i oiihi o BHEGTedEIhave 1 he

structyires eadgval pBEelOntBOSE HESET ?Sgra S9N ?g%%égn1§%th the

f or egoi ng enbodi nents, thereby elimn é?glgﬂgéion- I'n
Eﬂfréﬁ{rSQEg?E?Yﬁﬁéﬁﬁ?%%%?ﬁvéﬁ%%gﬁ/%3%%7?g£é§é%F%%%§}6%%%%%

chips) in such a manner that the reference currents I1,

12, I4 and I8 outputted from the reference current

generation circuit 10G are supplied in common.

10 The reference current generation sections 1la to
11d have the circuit structure (see FIG. 2) equivalent
to the current generation circuit described in
accordance with the foregoing embodiments, and it is
possible to apply a structure obtained by appropriately

15 designing the circuit configuration in such a manner
that a ratio of the current values of the reference
currents generated by the reference current generation
sections 1lla to 11d becomes, e.g., 1:2:4:8. It is to
be noted that the shift register SFR, the reference

20 current storage circuits 90G (reference current storage
section 9la to 91d) and the input side switch circuit
SWA applied to this embodiment have the structures
equivalent to those described in conjunction with the
foregoing embodiments, thereby eliminating the detailed

25 explanation.

In the current drive apparatus having such a

structure, in a reference current generation period,



the reference currents 11, 12, 14 and 18 to which the current values are
set so as to have the weighting of 1:2:4:8 by the reference current

gener at i owoee(8873 1la to 11d constituting the referemca/Jenos/enisd
generation circuit 1 0G are generated and outputted, and a swtch
changeover signal SRs sequentially outputted fromthe shift register SFR
is sequentially applied to each input side switch circuit SWA. As a
result, the switch circuit SWA sequenf/fally performs the on 10 operation
with different timngs only in a predeter- mned period, the reference
currents 11, 12, 14 and 18 outputted fromthe reference current generation
circuit | OGhgr eefiansncenesvusieptsuggl,i €&,t d4 kerdr dffertencdiciy rigrt St or age
sections 91a to 91d, and corresponding 15 voltage conponents are

i ndi vi dual | $UErEE G yalhes paspseti e Bef dioeted ec lityee mte igthdriaxge ofect i ons.
Subsequentlﬁh qu% igarent out put period, output of the sw tch changeover
signal SRs Rrém*Re Pshithe redGireree SEruedtcgppiededd omiseati@nsnput si de
switch 20 ci,rcuits execut e the f operation, and the voltage
conponent s &&Frggp&iﬁﬁﬁﬁnﬁ lﬁﬁglpgfgign ETedenss SUntent12 14 and 18 are

out put’ enabPE CLFGHET ERE T taabl 83 8 TRE AHEre AERh € WERGRE sPShge 25
comon, - and d gL A ae e RarE LN TS PRACSE g S es g out put |
si de SmﬁtChf@@hZQQé/@93%%7r@@ﬁ@%@%og%@oqglééqué%tially applied to
each input side switch circuit SWA. As a result, the
switch circuit SWA sequentially performs the on
10 operation with different timings only in a predeter-
mined period, the reference currents Il1, I2, I4 and I8
outputted from the reference current generation circuit
10G are simultaneously supplied to the reference
current storage sections 9la to 91d, and corresponding
15 voltage components are individually held in the
respective reference current storage sections.
Subsequently, in a current output period, output
of the switch changeover signal SRs from the shift
register SFR is completed, all the input side switch
20 circuits SWA execute the off operation, and the voltage
components corresponding to the reference currents I1,
I2, I4 and I8 are held in all the reference current
storage circuits 90G. Thereafter, an output enable
signal ENs is applied to the reference current storage
25 sections 9la to 91d from a non-illustrated control
portion or circuit in common, and digital input signals

IN1 to IN4 are applied to the output side switch



circuits SWB individually provided to the reference current storage
sections 91a to 91d. As a result, for exanple, only the output side switch
ci rcui t s B0Roe40038Wi ch t he high-level digital input sigmargpriaui/oesesd N4 5
are applied performthe on-operation, the reference currents based on the
hel d vol tage conponents are selectively outputted, and these reference
currents are conbined (added). As a result, the currents Is having the
current val ues according to the signal 12vels of 10 the digital input
signals INL to INdA are generated. Subsequently, in a current wite period,
the switch changeover signals SR froma non-illustrated shift register
are sequent i @t pIHB ethdbvidiea Bl tphovidedui o St4OGefsrencesul t, the
switch circuits 40G 15 sequentially carry out the on operation only in a
pr edet er mi nétH Peito te o reEntens sOkupp? | ¥UA f r obs thereseler efice current
storage circuit 90G through the output side switch circuit SWB are
sequenti al | YV*EUNE i QP-LAEFR QMR E nt i hevkleh et r et bEagd@Bi teui ts 20

30G, and corr.espondi ng val tage conponents, are held. _ Then, in a drive
current outpu lcgle?ﬁqjoed%”t%b_]o%fep]ut@%% e Yhat EN 1S B pke t B from a
non-ild ustr t 1ol tion.to all the current storage sections 30G
with a5| predzgtrgérjn%pﬁggglégél)rﬁ%gfcfrﬁn E%ohrﬁm%_%qﬁrraeﬁﬁ%n'ba%% Z P%?F‘?‘F}% vol t age
conponents hgl,d-dft 4 e, G ro‘?{‘ttdq\s/é %éa\%i vo%’{ag%é téo%?%%é% si nul t aneousl y

outputted as drive currents | e respectiv tHrOugh the WO
2004/ 003877 ZGHAMAR03 QAR tdB and these reference currents are

combined (added). As a result, the currents Is having
the current values according to the signal levels of
10 the digital input signals IN1 to IN4 are generated.
Subsequently, in a current write period, the
switch changeover signals SR from a non-illustrated
shift register are sequentially outputted to the switch
circuits 40G. As a result, the switch circuits 40G
15 sequentially carry out the on operation only in a
predetermined period, the currents Is supplied from the
reference current storage circuit 90G through the
output side switch circuit SWB are sequentially
supplied and fetched into the current storage circuits
20 30G, and corresponding voltage components are held.
Then, in a drive current output period, the output
enable signal EN is outputted from a non-illustrated
control portion to all the current storage sections 30G
with a predetermined timing in common, currents based
25 on the voltage components held in the current storage
circuits 30G are simultaneously outputted as drive

currents Idv to the respective loads through the



respective output termnals Tout with the sane timng. By repeatedly
setting the reference current generation period, the current out put

peri od, twe oewnsgmt wite period and the drive current POUIPRM03/B08EY | od
descri bed above in accordance with a predeterm ned operation cycle, the

| oads can be operated in a predeterm ned drive cycle. Therefore, according
to the current drive apparatus of this enbodinent, a plurality of the 10
reference current storage sections in which the reference currents to

whi ch the current values are set so as to have weightings different from
each other are arbitrarily selected based on the predeterm ned nunber of
the digital FepeeckignabetpandterminelerBoge dbtouthenssmbet thnimgt he

sel ected reference current storage sections are conbined. In this nmanner,
predeterni ned cuPYeheRedfedhg anbFbgosthrarefeveneepondiagtto the drive

states of the |oads, are geperated, the operation to hold the currents in
the current STHTEYE O rReF 193200 e oviHeen bt O beUE crpetedyctloait put terminal s

is sequentially executed, and the held currents are sinultaneously
q Y, SR

supplied to Cflhre_?r_é%p‘%]&ﬁ?/ep?% tHS EF1Ve CUFFemE OWRRE a _
pr edeter m ng%]]i%érﬁ P%es&si@ed r&suxlf%,%lga%:%h%éf %%%:ggwgg%loger ated in the drive

state 25 ex correspondi n with a relatively
o e B SR SIS T [ S R8gER UL ent s having (e
operated in a predetermined drive cycle.
Therefore, according to the current drive

apparatus of this embodiment, a plurality of the

10 reference current storage sections in which the
reference currents to which the current values are set
so as to have weightings different from each other are
arbitrarily selected based on the predetermined number
of the digital input signals, and the reference

15 currents held in the selected reference current storage
sections are combined. In this manner, predetermined
currents of the analog signals corresponding to the
drive states of the loads are generated, the operation
to hold the currents in the current storage circuits

20 provided at the respective output terminals is
sequentially executed, and the held currents are
simultaneously supplied to the respective loads as the
drive currents with a predetermined timing. As a
result, each load can be operated in the drive state

25 excellently corresponding to the input signal with a
relatively simple apparatus structure. Furthermore,

the reference currents having the uniform current



characteristic outputted fromthe single current generation circuit are
supplied to the reference current storage circuits provided in accordance
with eacWwo=emmestduct or chip in conmon, and the drive PCTUPROBDES1EY €
generated based on the reference currents. As a result, it is possible to
excellently suppress irregularities in the drive currents between the

sem conduct or chips and between the output termnals provided to each

sem conductor chip. 10 In this enbodi nédt, although description has been
given as to the case where the structure described in conjunction with the
first enbodinent is applied as the current storage circuit, it is possible
to apply a Cc¥Er@etere sthat catpuitald throof thee sdmalentcugtremdge 15 sections
explained with reference to the other _enbodinents are provided and the
oper ation t §eTSEGERT AILFUdt GFcasdtRigs He dver astferiencsupplied from
the reference current storage circuits and the operatjion to sinultaneously
output the FEFFSCr F&W?g%%cﬂlﬁgsdﬂr\?é’l&ﬁdr it S@AREEFGITEt e thut put
termnals are ,al_ternate| %égg%}ed“ Speci fically, |.at er - descri bed

di spl ay pan&tCh $§8erad ek i tcf?gm'r?l?ﬁbéfldoftlht%hzirdi"?pl ay pixels

et Pt on P TR a1 ey ot et Enate Tl e the

definition t he ality and/or "a’lIa 't he
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irregularities in the drive currents between the
semiconductor chips and between the output terminals
provided to each semiconductor chip.

10 In this embodiment, although description has been
given as to the case where the structure described in
conjunction with the first embodiment is applied as the
current storage circuit, it is possible to apply a
structure that a plurality of the current storage

15 sections explained with reference to the other
embodiments are provided and the operation to
sequentially fetch and hold the currents Is supplied
from the reference current storage circuits and the
operation to simultaneously output the held currents as

20 the drive currents through the output terminals are
alternately executed.

Specifically, in a later-described display panel
(see FIG. 15), even if the number of the display pixels
(light emitting elements; loads) is increased in order

25 to realize a high definition of the display image

quality and/or a large screen of the display panel and

the data driver constructed by a plurality of the



driver chips (sem conductor chips) is applied, the reference currents
outputted fromthe single reference current generation circuit can be
sequent i aWbyoesupps7red to the respective driver chips, roe/Jregbvosas tting 5
drive currents (analog signals) having the current values excellently
corresponding to display data (digital input signals) can be sequentially
generated based on the reference currents and sinultaneously supplied to
the respective light emitting elenents th 10 a predeterm ned tim ng.
Therefore, it is possible to realize the display apparatus which can
excellently suppress irregularities in the light emtting drive currents
bet ween t he ¢EsfREct¢Rerdut genicerdiaads antbs bet svesppl hed r espect i ve dri ver
chips and performmulti 15 gradation display excellently corresponding to

Cthe displ ayf YERENGE | QBRI e S YL ek r i drort vt sfispl@yrefereym ariti es.
<Ei ght h Enbodi ment_of Current Drjve Apparatus> FIG 12 is a prinmary
structural AW SHoWSREERE19D G H o aresRausn i alky esnprlviad

appar at us ccq&gig%ato the(gr sent invention. Here, the sane or
equi val ent &t erEnce FRAErR 6te SRt Ui et e e ing those in the

seventh embodi;ment . mEntione ove,. thereby sinplifying or elimnating
their 525 exp alﬁicon. ﬁﬂné?h ‘—’msallr)(ﬁ;{:tsifrgé1 cr}iao‘é’gpq ntl{%rﬁgi'é‘%‘ﬁrbth with the

sevent h enbogdijprt JIRNLY v . t drive WO 2004/ 003877
PCT/ JP2003/ 008153 76 110&?&3;’;‘%&(%51&%&{4 e cglsplay 3N

(digital input signals) can be sequentially generated
based on the reference currents and simultaneously
supplied to the respective light emitting elements with
10 a predetermined timing. Therefore, it is possible to
realize the display apparatus which can excellently
suppress irregularities in the light emitting drive
currents between the respective output terminals and
between the respective driver chips and perform multi-
15 gradation display excellently corresponding to the
display data while suppressing generation of display
irregularities.
<Eighth Embodiment of Current Drive Apparatus>
FIG. 12 is a primary structural view showing an
20 eighth embodiment of a current drive apparatus
according to the present invention. Here, the same or
equivalent reference numerals denote structures
equivalent to those in the seventh embodiment mentioned
above, thereby simplifying or eliminating their
25 exXplanation.
In the structure described in connection with the

seventh embodiment mentioned above, the current drive



apparatus according to the eighth enbodinment is configured to conprise in
accordance with each sem conductor chip a pair of reference current
storage wprowia3gyerti ons including a plurality of refePengems3oeisEent
storage sections which fetch and hold a plurality of reference currents
outputted fromthe reference current generation circuit and alternately
execute the operation to sequentially hold reference currents supplied
froma single reference current 10 gendfation circuit by a reference
current storage circuit portion on one side and the operation to generate
predeterm ned currents according to drive states of |oads by a reference
current stoP®§er&tisuiaccogskificon orheheigihtidr egigelibmsdd ien t he ref erence
15 currents whi ¢ch have been already held in parallel. As shown in FIG 12,
in the struEPhfeIHESE e FHW T ISt AEC HGHP THeRTea "ddhemarhenbodi nent (see
FIG 11), the_.current driye apparatus according to this enbodinent has a
structure t R&FEOPER, Qﬁbé%ﬂﬁTFbﬁ?i§t6%56@?@5%%9%nﬁq?nﬁﬂq[ﬁﬁﬂﬁ%ﬁ&ito each

of sem cond .¢hi .CP1, .CP .CPn _conprises a ir of four-bit

ref erence gg%&éﬁ% ?@%Fé&gscﬂFgﬁpplﬁgfﬁig rﬁgéigh&&gfﬁfe€ﬁg§ﬁbctive
reference ¢ st.Qr Cir cuis Oorti.Qns Qrr nd.to the reference
curre%t stogggggégc%?gﬁg%?SSS%ghFEQQ%%Hgﬁbﬁﬁ F%‘%%@?hfffpgrranged in

o ) o PO T ML SR R P e
PCT/ JP2003/ @@8223ncé7 current generation circuit and alternately
execute the operation to sequentially hold reference
currents supplied from a single reference current
10 generation circuit by a reference current storage
circuit portion on one side and the operation to
generate predetermined currents according to drive
states of loads by a reference current storage circuit
portion on the other side based on the reference
15 currents which have been already held in parallel.

As shown in FIG. 12, in the structure described in
connection with a seventh embodiment (see FIG. 11), the
current drive apparatus according to this embodiment
has a structure that a reference current storage

20 circuit 90H provided to each of semiconductor chips
CPl, CP2, ** CPn comprises a pair of four-bit reference
current storage circuit portions 92a and 92b
(respective reference current storage circuit portions
correspond to the reference current storage sections

25 9la to 91d shown in FIG. 11) arranged in parallel with
each other and individual switch circuits SWA and SWB

used to selectively connect to one of the four-bit



reference current storage circuit portions 92a and 92b are provided on the
i nput side and the output side of the reference current storage circuit
90H. Her ewot2oet/00Bgyar - bit reference current generation ciPCEUP2003/004158s, 5
e.g., the sanme structure as those of the reference current generation
sections Ilatolid illustrated in FIG 11, and a structure having four
sets of reference current generation sections which generate and out put
the reference currents 11, 12, 14 and ¥8 to which 10 current values are set
so as to have weightings different fromeach other. It is to be noted that
other structures applied to this enbodi nent have the structures equival ent
to those in G9fersn@ntdnr kerjodi rerag ereritd oridd mbovignd Meande 926 nat i ng
the 15 detailed explanation. In the current drive apparatus having such a
structure, rP&erdRtedadt rantdg input sigdegmpdghe owihiwh side et val ues
are set so &fnto ve weightings different, fromeach other are supplied
fromthe fod™20 Bi%F: CthS é?ﬂrlbeg’rfersd%qliﬂg%icrldiﬁ%ltlcﬁ-@ﬁo ther ssertiksonduct or
chi ps CP1, g%%r_éJW1ir#connDn, and %yﬁtch cQggggomer signal s SRs
sequenti al | y St putt &F FFoHThEWHTE $86 < FR e g‘tﬂ.ﬂeﬁﬁsal ly

applied to t i npyt_ sjde 1§ circui,t SWA. a result, the reference
25 cu(rgrent s egjr%je' ’sg:qﬁueersléta?naﬁ I%\%ue%%reed afsntt%mfr?d qfﬁﬁil}ﬁ di?aquei]ifnq‘?el d in one of
a pair of t - by r r t. 1 st.or age, circuit_porti.ons 92a and
925 0f the 1ol craned WO 2008  DOSIT BT/ 52005 dok 1 Lo a

FIG. 11, and a structure having four sets of reference

current generation sections which generate and output
the reference currents I1, I2, I4 and I8 to which

10 current values are set so as to have weightings
different from each other. It is to be noted that
other structures applied to this embodiment have the
structures equivalent to those in the seventh
embodiment mentioned above, thereby eliminating the

15 detailed explanation.

In the current drive apparatus having such a
structure, reference currents I1, I2, I4 and I8 to
which current values are set so as tb have weightings
different from each other are supplied from the four-

20 bit current generation circuit 10H to the semiconductor
chips CP1, CP2, '+ CPn in common, and switch changeover
signals SRs sequentially outputted from the shift
register SFR are sequentially applied to the input side
switch circuit SWA. As a result, the reference

25 currents are sequentially fetched into and individually
held in one of a pair of the four-bit reference current

storage circuit portions 92a and 92b of the reference



current storage circuit 90H At this nonent, output enable signals ENa and
ENb are applied to the four-bit reference current storage circuit on the

ot her si dwO 2be40098&77non-i | |l ustrated control portion in ce®cwIR200Ne15 di gital
input signals INL to INdA are applied to an output side switch circuit SWB.
As a result, the operation by which the reference currents li, 12, 14 and

18 which have been already held are selectively outputted, their current
conponents are conbined 10 (added) and durrents |s having current val ues
according to signal levels of the digital input signals IN1 to IN4 are
alternately and continuously executed. Therefore, according to the current
drive appar@tiEent $wosagerbotrewht , 90H. t et stiate ndmént heoutbut ef er ence
currents having different current values outputted fromthe single
reference cuft@EMte geh@rats oz ardi BNrars eaprehi¢dl ty vine t f@mrtimi bne
four-bit reference current storage circuit portion of the reference
current st orayetTIIChi T TR dReP T30 2 0 Heewh  aere et @ t ¢itleaie hs s@eri conduct or
chip, curre corresp in to%ihe igital input signals are ener at ed
based on thgrfoel? €T ence ¢ lf‘set%’f%t | PHFThPOoBt S FoUFmIn s 3R ence
currend storgge iy CHl P C(g) d.th re sequentially outputted to
the 25 curren?ﬁstorag usi_éc%{l 1{ri_’gﬂdbn etorg‘%/h[ s?%egeagp&@%‘? t'r%sélﬂ‘*t, the time
required to gt angyhal g ants§.4 n %ﬂ respective_.reference
current stor agégﬁ%tb oA, C0eTT P 00 ogbd RFULL, i
operation by which the reference currents I1, 12, 14
and I8 which have been already held are selectively
outputted, their current components are combined
10 (added) and currents Is having current values according
to signal levels of the digital input signals IN1 to
IN4 are alternately and continuously executed.
Therefore, according to the current drive
apparatus of this embodiment, in the state that the
15 reference currents having different current values
outputted from the single reference current generation
circuit are sequentially written in one four-bit
reference current storage circuit portion of the
reference current storage circuit provided in
20 accordance with each semiconductor chip, currents
corresponding to the digital input signals are
generated based on the reference currents held in the
other four-bit reference current storage circuit
portion, and they are sequentially outputted to the
25 current storage sections on the rear stage. 2As a

result, the time required to fetch and hold the

currents in the respective reference current storage



circuit portions can be prolonged, and the holding operation in the
reference current storage circuit portion can be stably perforned.

Fur t her nowe,20&1/006%87 the waiting tinme in the operation t®@CRIP2®30I8255
reference currents to the respective sem conductor chips can be reduced or
elimnated, the supply tine of the drive currents to the |oads can be
extended, thereby finely controlling the drive state. <N nth Enbodi nent of
Current Drive Apparatus> 10 FIG 13 is d@%rinmary structural view showing a
ni nth enbodi nent of a current drive apparatus according to the present
invention. Here, the same or equivalent reference nunerals denote
structures e§ddFUd PRESE NS cae bieobegdiomyeeib adidmemies htihEmeby
simplifying or 15 elim.nating their explanation. The current drive
appar at us acEBPURMdOPo 18 fihst Fefersagenehe reas storaget uriectiat t he

structures i . are_applie the current drive apparatuses according
to the foreé@?%glg 88?n§ﬁt§%§hgyfBﬁﬁéﬁrpédtheF@@t§@#W@@ﬁdu@ﬂocechips are

stratified apgsa ghg&gli%xmof.Poghgut term,nals provided to an upper
e

seni conduct or chip ard cofne o°PRpEL1RBr tPoWE 16 &hel urality of

| ower sem cop hi t LI owin oncrete. exanpl e, although
descri ption hggg%ggﬁ%gFggﬁeggstggtkgezgeéggggﬂﬁﬁtSFW&¢BPQ§€ﬁPrinvention i's

e AR SRR S LS B e

enbodi ment nentioned above, 1t can ew se’app

PCT/ JP2003/ 00B4538ri8€ currents to the loads can be extended,

thereby finely controlling the drive state.
<Ninth Embodiment of Current Drive Apparatus>

10 FIG. 13 is a primary structural view showing a
ninth embodiment of a current drive apparatus according
to the present invention. Here, the same or equivalent
reference numerals denote structures equal to those in
the foregoing embodiments, thereby simplifying or

15 eliminating their explanation. ‘

The current drive apparatus according to a ninth
embodiment has a structure that the structures which
are applied to the current drive apparatuses according
to the foregoing embodiments and formed to the

20 semiconductor chips are stratified and a plurality of
output terminals provided to an upper semiconductor
chip are connected to input portions of a plurality of
lower semiconductor chips. 1In the following concrete
example, although description has been given as to the

25 case that the present invention is applied to the
structure described in connection with the eighth

embodiment mentioned above, it can be likewise applied



to any ot her enbodi nents. As shown in FIG 13, in the structure described
in connection with the eighth enbodi nent (see FIG 12), the current drive
appar at uswecoovwsstg to this 5 enbodi nent conprises: upp@CTHSenios/eesdssct or
chips CP11, CP12, CPy to which reference currents 11, 12, 14 and 18 to
whi ch current values are set so as to have weightings different from each
other are supplied from a four-bit reference current generation circuit
10J in 10 common; and | ower semi conduct®®r chips CP21, CP22, CPz having
input termnals T2in connected to a plurality of output term nals Tl out
according to the respective upper sem conductor chips CP11l, CP12, CPy.
Qut put t er mititalahyrzdidten miibddioeddtys connected to 15 a plurality of | oads.
Here, each of the upper sem conductor chips CP11, CP12, CPy conprises: a
reference currentAStOrdge 1 FEGi t1DOI R ichaids monetywee rdefcd Herd bin
reference current storage circuit portions 93a and 93b; and 20 i ndi vi dual

switch circfiTEeSRa Ty et tis gmnadipant coirredild.o ldhe of the
four-bit reference_ current storage circuit portions 93a and 93b. The
operation t o et et ﬁ%‘lld’er éjfp@ag??é:él%&crcé%ﬁp%”ﬂ,tolihlsm and 18 fed from
t he faqur-bi far e rent 25 generation circuit 1QJ to one of four-bit
refergnce %ﬁ?&éﬁfﬁgﬁbfgggéaﬁﬁﬁﬁféﬁﬁﬁﬁiﬁﬁﬂﬁ?ﬂﬁégé%qquf RSPl cui t

gg;}gggoggfggg%%g-a8?§9d%ge%ﬂkegdr%%gkggcgaEEQrg%k%OQﬂc09§§7z4 and

I8 to which current values are set so as to have
weightings different from each other are supplied from
a four-bit reference current generation circuit 10J in

10 common; and lower semiconductor chips CP21, CP22,
CPz having input terminals T2in connected to a
plurality of output terminals Tlout according to the
respective upper semiconductor chips CP11l, CP12,
CPy. Output terminals T2out individually connected to

15 a plurality of loads.

Here, each of the upper semiconductor chips CP11,

CP12, ' CPy comprises: a reference current storage
circuit 900 including a pair of four-bit reference
current storage circuit portions 93a and 93b; and

20 individual switch circuits SWA and SWB used to
selectively connect to one of the four-bit reference
current storage circuit portions 93a and 93b. The
operation to fetch and hold reference currents 11, 12,
I4 and I8 fed from the four-bit reference current

25 generation circuit 10J to one of four-bit reference
current storage circuit portions (e.g., the first

circuit portion 93a) with a predetermined timing based



on a shift output (swtch changeover signal) Sra from the shift register
SFR and the operation which selectively executes the operation to supply
the refeworoeywesrents 11, 12, 14 and 18 held in the oreEPiosoeshit
reference current storage circuit portion (e.g., the second circuit 93b)
to the |l ower sem conductor chips CP21, CP22, CPz are alternately
performed in parallel. That is, the sem conductor chips CP11, CP12, CPy
do not include the current 10 generatidhlcircuit used to generate a current
having a predeterm ned val ue based on an input signal or a current
storage circuit on the rear stage such as shown in FIG 12, and they are
configured ton outplutftheubhehd (sefeckenceasgesesat sslignal?l, s34 ans 18 and
supply themto 15 the | ower sem conductor chips CP21, CP22, CPz through
t he out put te?gr $ial L orelisher t HER | aipditthe eopenatidRiwhidor exanpl e, |ike
t he above-descri bed eighth enbodi ment, each of the | ower sem conductor
chips CP21, SOPERYELY pseunpy i Toe:orerat tornte swpknttise or age circuit

90K includiqggﬁapair of four-bit reference current_storage circuit
portions 94a P VAT 2t Tl alrer b PRér £F errtd ciir rigme sottier 12, 14

and 18 fed n upper sem conductor, chips CP11, CP12, CPy 25 with a
pr ede%’er i ne%{‘%nn]%gﬂg lﬁé;]g%%e%%e SEH I GUEPrAYe (i teht PriFlgkover signal)

B oo S kbl P Bn Sl R AR, a0 W teh el
semiconductor chips CP21, CP22, -+ CPz are alternately
performed in parallel. That is, the semiconductor
chips CP11l, CP12, *- CPy do not include the current

10 generation circuit used to generate a current having a
predetermined value based on an input signal or a
current storage circuit on the rear stage such as shown
in FIG. 12, and they are configured to output the held
reference currents I1, I2, I4 and I8 and supply them to

15 the lower semiconductor chips CP21, CP22, -+ CPz
through the output terminal Tlout and the input
terminal T2in.

For example, like the above-described eighth
embodiment, each of the lower semiconductor chips CP21,

20 CP22, -+ CPz comprises: a reference current storage
circuit 90K including a pair of four-bit reference
Current storage circuit portions 94a and 94b which
fetch and hold reference currents Il, I2, I4 and I8 fed
from the upper semiconductor chips CP11, Cpl12, - CPy

25 with a predetermined timing based on a shift output
(switch changeover signal) SRb from a non-illustrated

shift register; an input side switch circuit SWC used



to selectively connect to one of the four-bit reference current storage
circuit portions 94a and 94b; an output side switch circuit SW which
sel ects awbi2ne4zn0gs77r ef erence currents held in the four-pCcriezspense 5
current storage circuit portions 94a and 94b and generates currents having
predeterm ned current values; and a current storage circuit 30J and a
swtch circuit 40J which sequentially fetch and hold the predeterm ned
currents generated based on digital ipﬂM& signals INL 10 to I N4 and

si mul taneously supply themto respective |oads through output termnals
T2out. In the current drive apparatus having such a structure, reference
currents 11,taZelertiiels duviert turomntol athesfmhoss et ghsidagse ar e
different fromeach 15 other are supplied fromthe four-bit reference
current gerf@FSn iT@dge Qoruid ther tippes Sdaviasoh AUt orarc hipsoutcPl,

CP12, in common, .and the input side switch circuit SWAis switched to
one of gpﬁmﬁ14§ %Wé¥95nﬁ%rqﬂ%tﬁ@ﬂéﬂ@ﬁ&@(ﬁﬁ%%ﬁﬁssﬁﬁh%ﬁﬁﬁﬁerU|t portions

' i t st e circuit 90J. As
A Tesul t tHe TaTOReh AU eni 1 12 FOIgS TR harAe dual |
! . T i cui t
por 1 ons, | S e, GU BUS o é ST P VO ¢ SWBTS TR eitbd Lo 25 ¢ he
ot her ci rcui RArH i : rent . storage circuit 90J based
on out put er?taebl eagdiﬁegdshtélélgcsr g{lag;lgl%g%arﬁe eaFesr}:e lencetc{l)ocr\’grcroeﬁ]ttr ofaiegival  SEL

out put t ed Wank0RA/RR3&AE REHr-HRR0Q3/,008453%0 8314 a4 switch circuit
40J which sequentially fetch and hold the predetermined
currents generated based on digital input signals IN1
10 to IN4 and simultaneously supply them to respective
loads through output terminals T2out.

In the current drive apparatus having such a
structure, reference currents I1, I2, I4 and I8 having
current values whose weightings are different from each

15 other are supplied from the four-bit reference current
dgeneration circuit 10J to the upper semiconductor chips
CPl, CP1l2, -+ CPy in common, and the input side switch
circuit SWA is switched to one of a pair of the four-
bit reference current storage circuit portions 93a and

20 93b constituting the reference current storage circuit
90J. As a result, the reference currents I1, 12, I4
and I8 are individually fetched into and held in the
four-bit reference current storage circuit portions,
and the output side switch circuit SWB is switched to

25 the other circuit portion in the reference current
storage circuit 90J based on output enable signals ENa

and Enb and a selection control signal SEL outputted



froma non-illustrated control portion. As a result, the reference
currents 11, 12, 14 and 18 which have been already held on the other side
are supplwedoaso3gey are to the input term nals T2i n ofCrhezdosossh

sem conductor chips CP21, CP22, CPz through the respective output
termnals Tlout. As to the reference currents 11, 12, 14 and 18 fed to the
| ower sem conductor chips CP21, CP22, CPz, based on shift outputs SRb
sequentially outputted from 10 a non-il83istrated shift register, the input
side switch circuit SWCis switched to one of a pair of the four- bit
reference current storage circuit portions 94a and 94b constituting the
reference cuff@hta steragelesrrated QOKtreas moresaht, Akeareéentngce currents
1, 12, 14 15 and 18 are individually fetched into and held in the

four-bit refEtence rRent CREBrRAR I:i/r clZt porandnsd whichehsaee tine, the
out put side svvitchlcir uit SWbis switched to the other circuit portion in
reference clrFent %‘?%‘g%g]%ejc‘ilr%i’fh©0¢<t]%%§eﬁl% 2he Yuppliednadl e 20
signal s ENc nd the digital input signals INL to IN4, and
arbitrary ret?{e]egénqt%e g’%or reht Js]?%“ll%g CTIRF L HNEA P P EetfleRt EWeRs a result,
the referen C 1. 4, an whi ch, have been already held on
t he oﬁ]er Si glla%ﬁ(g%??fracr@féseléé%%gﬂd%%%ztonbi c—?d,t%f§%]dt&ﬁ'rents | s
havi ng predet i V) J#ﬁﬁ- i;ng to drive states of the | oads
are generat edﬁ%@ﬂ%&&%g%%ﬂ}% ota(% e c%%gﬁgis?br age circuit 30J on the WO
2004/ 003877 PCT/ MR 003/ 008183fe fénce currents I1, 12, T4 and I8 fed

to the lower semiconductor chips CP21, CP22, ‘- CPz,
based on shift outputs SRb sequentially outputted from
10 a non-illustrated shift register, the input side switch
circuit SWC is switched to one of a pair of the four-
bit reference current storage circuit portions 94a and
94b constituting the reference current storage circuit
90K. As a result, the reference currents I1, 12, I4
15 and I8 are individually fetched into and held in the
four-bit reference current storage circuit portions.
At the same time, the output side switch circuit SWD is
switched to the other circuit portion in reference
current storage circuit 90K based on the output enable
20 signals ENc and End and the digital input signals IN1
to IN4, and arbitrary reference current storage
sections are selected. As a result, the reference
currents Il, I2, I4 and I8 which have been already held
on the other side are arbitrary selected and combined,
25 and currents Is having predetermined current values
according to drive states of the loads are generated

and supplied to the current storage circuit 30J on the



rear stage. As to the currents Is fed to the current storage circuit 30J,
the switch circuits 40J sequentially performthe on operation only in a
pr edet er mvpedo4®ss70d 5 based on the shift output SR fromCrhie2®bidsis3
register, the currents Is fed fromthe reference current storage circuit
90K through the output side switch circuit SWO are sequentially witten
and held in the respective current storage sections 30J, and the output
enable 10 signal EN is applied fromthe8éontrol portion with a
predetermned timng to drive the loads. As a result, the currents held in
the respective current storage sections 30J are sinultaneously outputted
as the driveteetrfEAES-1dv to the respective |l oads via the respective 15
output termnals J2out with the sane timng. Therefore, according to the
current drive apﬁ§r§9u§h8fCPﬁF§n§ﬁbééiﬁ@dtﬁotﬁées@@tcenduatomaqbips each

including the.current _storage circuit having a_ function to fetch
predeternineﬁlEﬁ?}gnggﬁanéﬁgiﬁWF SheCdbCBuEFY 480t paBuEREARMLYh a
predet erm n LM .Ng e _connected to each other so as to have a
hierarchicaﬁgeé%€%@tﬁgé.O?h%?%?%%é?anngﬁl§nsBpBF??ﬁBeFﬁénﬁﬁeE@FéPd ni ned

. | f th
Cem conduct orehpe. ERE &0t bnee Ba 0Pt FEOTeFBP oRBaTEUFPEAPEShr 6

sem conduct or chi ps, e curren r

the predet o ni hod drlve Sorren o are-To FaterOiFE SERhRREG Ceroet4: boserr
PCT/ JP2003/ 0984531 £ 880K through the output side switch circuit SWO

are sequentially written and held in the respective
current storage sections 30J, and the output enable

10 signal EN is applied from the control portion with a
predetermined timing to drive the loads. As a result,
the currents held in the respective current storage
sections 30J are simultaneously outputted as the drive
currents Idv to the respective loads via the respective

15 output terminals T2out with the same timing.

Therefore, according to the current drive

apparatus of this embodiment, the semiconductor chips
each including the current storage circuit having a
function to fetch predetermined currents and simultane-

20 ously output them with a predetermined timing are
connected to each other so as to have a hierarchical
structure. Therefore, by only supplying the predeter-
mined currents or the reference currents to the small
number of the upper semiconductor chips, the currents

25 or the reference currents are sequentially supplied to
a plurality of the lower semiconductor chips, and the

Predetermined drive currents are collectively supplied



to the nore | oads through the respective output termnals. Thus, it is
possible to suppress irregularities in the drive currents between the
respect i weoem/mesrduct or chi ps and between the out put 5PrenRraabhes1 ovi ded
to the same sem conductor chip. Further, the tinme required to fetch and
hold the predetermned current in each reference current storage circuit
portion can be prol onged, thereby stably perform ng the hol ding operation
in the reference 10 current storage ciBéuit portion. Furthernore, since
the waiting tinme in the operation to wite the reference current to each
sem conductor chip can be further reduced or substantially elimnated, and
the supply &9 iomMmate Wide Burauit she tdepdaaidee canche: 15 ext ended,
thereby finely controlling the drive states. |In this enbodinment, since the
structure oBtHHEHRLDy adptsi nif tife B idrkehittalsupnassre to the above-

descri bed ei.,ght h enbodi nent, has been described, the circuit configurations
formed on t Itﬁ%@Ta 1€ 0L T oritfu AoV & M S &EpeL Pedpigen -thepy are dif f erent

from those forned .on the | owe em cqonduct or . ¢chi ps CP21, CP22, CPy.
However , forreesfpaer?gﬁle‘fe wiheh 4 Etd:%Jtﬁ'Fe CEs &ﬁt&‘eeerde@ﬁi%ﬁd)q’%

conj unrcti on p t f . emhodi.nent . or the fourth enbodinent, it is
pOSSi [)EI eto t\égglﬂalgpﬁl% tdnrfaosvtsledn‘%cggcr?duc o FEHAANG T s‘g’_r?é)'ci reuit

cont i gur at | o MR20M DG RITHIZ00Y Q08153 5,86 yxEnpadigrent of Di spl ay

Appar at us>
predetermined current in each reference current storage

circuit portion can be prolonged, thereby stably
performing the holding operation in the reference

10 current storage circuit portion. Furthermore, since
the waiting time in the operation to write the
reference current to each semiconductor chip can be
further reduced or substantially eliminated, and the
supply time of the drive currents to the loads can be

15 extended, thereby finely controlling the drive states.

In this embodiment, since the structure obtained

by applying the hierarchical structure to the above-
described eighth embodiment has been described, the
circuit configurations formed on the upper semi-

20 conductor chips CP11, CP12, ' CPy are different from
those formed on the lower semiconductor chips CP21,
CP22, '+ CPy. However, for example, when applied to
the structure described in conjunction with the first
embodiment or the fourth embodiment, it is possible to

25 apply the semiconductor chips having the same circuit

configuration.



Description will now be given as to a case that the above-descri bed

current drive apparatus is applied to a display drive circuit of a display

appar at uswai2064/003877ef erence to the acconpanyi ng drawi ng®CTRPLR03/00B15F a

schemati c bl ock di agram showi ng an exanple of an entire structure of a

di spl ay apparatus according to the present invention, FIG 15 is a block

di agram showi ng primary structures of a data drive and 10 a display panel

applied to the display apparatus accorffing to this enbodinent, and FIG 16

is a schematic structural view show ng another exanple of a scanning

driver applied to the di(;gl ay apparatus according to the present

i nvention. 1FERROEHeRME | oif P Gplaly Arwhspiay> apparatus 100 according to

t hi s enbodi nent conprises; a display panel (pixel array) 110 in which

| at er - descri bed PP&EFrapiien ¢ilkurew De ahden pbural#tgane dhapl ay pi xel s

consi sting of | iaqg era’tti ng elements (optical 20 elenments: e.g., organic

EL el ements FRE T d | RIF SRt 195 Forarparahes vizianrlied

i ntersectio of lurality of. scanning lipes SL as well as power supply
o dlaiss o t Jb‘>e/e p%fr%cfurjre]q Ci% BRI HEraPRAHE EIHIWHE i ty of

| iens VL arrange

data Ig ti,cal hown in FIG 15; a scanning driver
(2c:nﬁ:’: zgsd%evfe&sec%%ﬁgl?)hﬁ%é%ﬁwoﬁgﬁa%}%l%h et EtPSo the scanlni gg I : xes SL
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hi gh-level example of an entire structure of a display apparatus

according to the present invention, FIG. 15 is a block
diagram showing primary structures of a data drive and

10 a display panel applied to the display apparatus
according to this embodiment, and FIG. 16 is a
schematic structural view showing another example of a
scanning driver applied to the display apparatus
according to the present invention.

15 As shown in FIG. 14, a display apparatus 100
according to this embodiment comprises: a display panel
(pixel array) 110 in which later-described pixel drive
circuits DC and a plurality of display pixels
consisting of light emitting elements (optical

20 elements: e.g., organic EL elements OEL) are arranged
in a matrix form in the vicinity of intersections of a
plurality of scanning lines SL as well as power supply
liens VL arranged so as to be parallel to each other
and a plurality of data lines DL, as schematically

25 shown in FIG. 15; a scanning driver (scanning drive
circuit) 120 which is connected to the scanning lines

SL and controls a display pixel group for each row into



scanning signal Vsel to the scanning lines SL with a predeterm ned tim ng;
a data driver (signal drive circuit) 130 which is connected to the data

| i nes DL WOana/mestrol s a supply state of a signal curreat/JPiis/aekasi on
current |pix) according to display data to the data lines DL; a power
supply driver (power supply drive circuit) 140 which is connected to the
power supply lines VL arranged in parallel with the scanning 10 |lines SL
and causes a predeterm ned signal currédt (gradation current, drive
current) according to the display data to flow to the display pixel group
by sequentially appIYing a high-level or lowlevel power supply voltage

Vsc to the powerd ylateedwseaentia lly dimplwngpixéligrdgyrela syst em
controller 150 which generates and outputs a scanning control signal, a
data contrGICSgRA Svhad YEwer tudley seemnialy siigresl Sthivdich eontr ool
and the Bower CRTAT LR a1 30 BASedIOaR (TR IS ed froma
ster descrlted s v, gnel seneration STyl 400 and o, 00l
U R Ly T T
Gata i n the Gresrey el TG ARPNO SOGHIO T PCTERb0a G0ssa se |
supplies itthe theasYShHR® ©oNt LObeerla®pply driver (power supply
drive circuit) 140 which is connected to the power
supply lines VL arranged in parallel with the scanning
10 lines SL and causes a predetermined signal current
(gradation current, drive current) according to the
display data to flow to the display pixel group by
sequentially applying a high-level or low-level power
supply voltage Vsc to the power supply lines Vsc to the
15 display pixel group; a system controller 150 which
generates and outputs a scanning control signal, a data
control signal and a power supply control signal which
control operating states of at least the scanning
driver 120, the data driver 130 and the power supply
20 driver 140 based on a timing signal fed from a later-
described display signal generation circuit 160; and a
display signal generation circuit 160 which generates
display data based on a video signal fed from the
outside of the display apparatus 100 and supplies it to
25 a data driver 130, and generates or extracts a timing

signal (system clock and the like) used to display an

image of the display data in the display panel 110 and



Each of the above structures will now be concretely described hereinafter.
(Di splay Panel) 5 As shown in FIG 15, each of the display pixels arranged
on the diwpl2ags/qastegl in the matrix formhas a pixel dripge/Jezases1sDC whi ch
controls the | ater- described wite operation to the display pixel and the
light emtting operation of the light emtting elenment 10 based on a
scanni ng signal Vsel applied fromthe scanning driver 120 to the scanning
line SL, a signal «current supplied fromMthe data driver 130 to the data
line DL and a power supply voltage Vsc applied fromthe power supply
driver 140 to the power supply line VL, 15 and a light emtting el enent
(organi c EL Bievehts OELYo Wiwstvstightcenitolhgr bi$@ht ness is controlled in
accordance with a current value of a drive current supplied thereto. The
pi xel drive circuftcbeehler dP9vhastaugburencyibh rowcoatrol the

sel ection/ non-sel ectjon,_ stat f the display pixel based on the scanning
signal, fetTH tHe" ¥uﬂﬁ§9ﬁﬁiﬁﬂ$ﬂéﬁﬁe%%%%?%ing to the display data in the

sel ection state nq% |d it as a voltage |level, and apply the drive
current acco@%%%é}% rg) EﬂQS hel d voltage level in the non-selection state

e B oy S e L o e O Bl 0P O
PCT/ JP2003/ %&%ecﬁ%ﬁa‘ %(Hiestﬁ“la%} rp%ﬂél ef&?“ﬁﬂee n(lje{trai}gifocrliltil thaoéjee[ ation
pixel drive circuit DC which controls the later-
described write operation to the display pixel and the
light emitting operation of the light emitting element

10 based on a scanning signal Vsel applied from the
scanning driver 120 to the scanning line SL, a signal
current supplied from the data driver 130 to the data
line DL and a power supply voltage Vsc applied from the
power supply driver 140 to the power supply line VI,

15 and a light emitting element (organic EL elements OEL)
whose light emitting brightness is controlled in
accordance with a current value of a drive current
supplied thereto.

The pixel drive circuit DC generally has a

20 function to control the selection/non-selection state
of the display pixel based on the scanning signal,
fetch the gradation current according to the display
data in the selection state and hold it as a voltage
level, and apply the drive current according to the

25 held voltage level in the non-selection state and
maintain the operation of causing light emission of the

light emitting elements in a predetermined period.



of the pixel drive circuit will be described later. Mreover, in the
di spl ay apparatus according to the present invention, as the |ight
em tting wbhenewno3swhi ch 5 is subjected to |ight em ssi onPCoAPLOB/OMBYSY he
pi xel drive circuit, it is not restricted to the organic EL elenent, and
it is possible to excellently apply a self-lumnous type light emtting
el ement (optical elenents) such as an inorganic EL elenent or light 10
emtting diode. (Scanning Driver) The &Xanning driver 120 controls so as
to wite a gradation current |pix based on display data supplied fromthe
data driver 130 through the data lines DL into 15 the display pixels with
the display pixeld ¢iggete ¢hecubel exsnphe state dyreeitentédvdt yomppl yi ng
the high-level scanning signals Vsel to the respective scanning lines SL
based on a arfthdiceht r&ivg ghiacsiippiiled Ya alrtdisibesystaamcont rol | er
150. 20 Speﬁj{ficaleld%, as shown in FIG 15, the scanning driver 120
conpri ses sHIFteDIYrks TsBe sEEPlayBRrRPAtYS Wenondingf tut ddes shift
regi sters and ebSuf fter.s VI n .accordagcci%e it qgrtehe respective scanni .ngrrl i nes SL,
and shift GUtPUts JenerHt &R wis Hdzﬁ et G g e lene MbddE r om t he
upper gpart tiq Egh%-l [ rt,.of .the . display panel 110 by the shift
regi sters base or?e%geéinﬁ‘%)ngllgglntt B Ic)slorﬁétogczfﬁfni &gl signal SSTR
WO 2004/ 003844 (RCH13R20Q3/ 0Q8133 0 nni ng .cl qck signal, SCLK and
others) fed from the ; né% f%§%§33£eé3to(¥he organic
element, and it is possible to excellently apply a
self-luminous type light emitting element (optical
elements) such as an inorganic EL element or light
10 emitting diode.
(Scanning Driver)
The scanning driver 120 controls so as to write a
gradation current Ipix based on display data supplied
from the data driver 130 through the data lines DL into
15 the display pixels with the display pixels being in the
selection state by sequentially applying the high-level
scanning signals Vsel to the respective scanning lines
SL based on a scanning control signal supplied from the
system controller 150.
20 Specifically, as shown in FIG. 15, the scanning
driver 120 comprises shift blocks SB1, SB2, *** SBn on a
plurality of stages shift registers and buffers in
accordance with the respective scanning lines SL, and
shift outputs generated while being sequentially
25 shifted from the upper part to the lower part of the
display panel 110 by the shift registers based on

scanning control signals (a scanning start signal SSTR,



systemcontroller are applied to the respective scanning |lines SL as
scanni ng signals Vsel having a predeterm ned voltage |evel (high-Ievel)

t hrough twe 20&/des$77ers. (Data Driver) The data driver 1®0Tietwmbessisnd hol ds
the display data supplied fromthe display signal generation circuit 160
with a predeterm ned timng based on 10 various kinds of data control
signals (an output enable signal OE, a data |latch signal STB, a sanpling
start signal STR, a shift clock signal®@CLK and others) fed fromthe
system control l er 150, converts a gradation voltage (digital input signal)
corresponding to the 15 display data into a current conponent, and supplies
it as a gradalGoM N reheck pskotahat @K canpudtiségnpl Jed of réhetiespect i ve
data lines DL with a predetermned timng. Specifically, to the data
driver 130 c3¥ i W%ﬁbﬂ%’ﬁ By @PPlird ste ucheresspéctites current drive
appar at uses desch bedlj n co unction with the first to fourth or seventh
to ninth e A5, SGIRERG DFoRpht YWryl theving rent drive

appar at uses rlbedln co ctlo V\nththeflrst to 25 fourth
embodi nent s, P ase lDteh% kS T oft e glevehlyi tharouglynahs generat ed
based pn a dg%%lj gnal the d| splay signal generation circuit,
predet er m ne 004/ 003877 PCT/ JP2003/ 008153 91 currents accordl ng to a

bri ght ness grmdat i @frt he

The data driver 130 fetches and holds the display
data sqpﬁlied from the display signal generation
circuit 160 with a predetermined timing based on

10 various kinds of data control signals (an output enable
signal OE, a data latch signal STB, a sampling start
signal STR, a shift clock signal CLK and others) fed
from the system controller 150, converts a gradation
voltage (digital input signal) corresponding to the

15 display data into a current component, and supplies it
as a gradation current Ipix (analog output signal) to
the respective data lines DL with a predetermined
timing.

Specifically, to the data driver 130 can be

20 applied any of the structures of the current drive
apparatuses described in conjunction with the first to
fourth or seventh to ninth embodiments.

Concretely, in case of applying the current drive
apparatuses described in connection with the first to

25 fourth embodiments, based on the display data of, e.g.,

digital signals generated based on a video signal by

the display signal generation circuit, predetermined



light emtting elements in a single current generation circuit are
generated, and the currents are sequentially fetched into and held in the
respect i We¥OR0@uN0B8IMt st orage circuits correspondi ng to &cplige@bionesyss of t he
output termnals provided to the respective driver chips. Thereafter, the
hel d currents are sinultaneously outputted as gradation currents (drive
currents) to the respective data lines provided to the 10 di splay panel

t hrough the respective output termnal 1 with a predetermned timng.
Additionally, in case of applying the current drive apparatuses descri bed
in conjunction with the seventh to ninth enbodinents, a plurality of
reference 15WHeHErt ¢roretmediaia horighiam sy aftrda bdmpo fvetilght ed i n
advance by the single reference current generation circuit are

i ndi vi dual | ¥ Ha Fhing emities i i thes ingfe retigeeniurgemrat wmge
circuits provided to the respective driver chips, and currents obtai ned by

20 sel ecti ngj“aﬁﬁ”ctor?n?%lgnegn%l? W‘?"a.ra;ﬁq‘ il T U et based on the
out put L ed t S REHaont (v Haet a1 e DA okt (913 HE R ST SBF panel
oL e SRt A - dari) s SR B R SRS B
Sone b BN T S S SR L B R IBL I
current driver chips. Thereafter, the held currents are
simultaneously outputted as gradation currents (drive
currents) to the respective data lines provided to the
10 display panel through the respective output terminals
with a predetermined timing.
Additionally, in case of applying the current
drive apparatuses described in conjunction with the
seventh to ninth embodiments, a plurality of reference
15 currents generated with current values being weighted
in advance by the single reference current generation
circuit are individually fetched into and held in the
reference current storage circuits provided to the
respective driver chips, and currents obtained by
20 selecting and combining arbitrary reference currents
based on the display data consisting of the digital
signals are simultaneously outputted to the respective
data lines provided to the display panel through the
respective output terminals as the gradation currents
25 (drive currents) corresponding to the brightness
gradation of the light emitting elements.

In the current drive apparatus according to each



conponents having the negative polarity are supplied to

the data |lines as
the gradation currents, the currents corresponding to the gradation

currents Wbaww3srs to 5 be pulled in a data driver (cuPCEIP2008/088253
direction via the output termnals fromthe data |line (display
Therefore, the display apparatus according to this enbodi nent
lently applied to the display panel having the structure that
the 10 |l ater-described current wite typ2 pixel drive circuit is provided
to each display pixel to which the light emtting elenment is arranged.
(System Controll er) The systemcontroller 150 operates each driver
a predet er ni pédthenitagebyingsprbbilimkeytout pihtengheacaeasning control
signal and a data control signal which control the operation state
above- descri B¥IPOBERAAI RgVEADT Ehst rrEasignabobsSTRtyr arhessppatnidgtel ock

appar at us)
panel ) side.
can be exce

si gnal SCLK,
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scanni ng dri

causes it to-gensrar

currend 1 pix,,

the s if&_start signal STR or the shift 20 clock signa
ghal dare, 1t

15 with
(the
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ResSoafptifie grnaspbisngAurreEtsanthet hvrsente the

ver 120, .the data driver 130 and the power supply driver 140,
bILRE B paf ateeah

£ dr§

hPRgCYFrgRAFS 3@V, sa graliati on
utes a drive contro

| | t 25 V
operation in tﬁ%89¥§?e$gggsé ¥%e8%g§F5e<E$$%ﬁ$§?85ﬁﬁecéﬂP?BP§u§he di spl ay
| 110 t i i i nf i d WO, 2004/ 003877
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(display panel) side. Therefore, the display apparatus

according to this embodiment can be excellently applied
to the display panel having the structure that the
later-described current write type pixel drive circuit
is provided to each display pixel to which the light
emitting element is arranged.

(System Controller)

The system controller 150 operates each driver
with a predetermined timing by respectively outputting
a scanning control signal and a data control signal
which control the operation state (the above-described
scanning shift start signal SSTR or the scanning clock
signal SCLK, the shift start signal STR or the shift
clock signal CLK, the latch signal STB, the output
enable signal OE, and others) to the scanning driver
120, the data driver 130 and the power supply driver
140, causes it to generate and output a scanning signal
Vsel, a gradation current Ipix, a power supply voltage
Vsc, executes a drive control operation in the
later-described drive circuit, and controls the display

panel 110 to display image information based on a



constitutes the control portion described in conjunction of the current
drive apparatus concerning each of the foregoing enbodi nents. 5 (Power
Suppl y Drwoen(4/00B&g7power supply driver 140 pulls a wit @CEUPR@®BD81$3BI nk
current) corresponding to the gradation current |pix based on the display
data in the data driver 130 direction via the display pixels (pixel drive
circuit) 10 fromthe power supply lines VL by applying the | ow |evel power
supply voltage Vscl (e.g., a voltage | é&sl equal to or below a ground
potential) to the power supply lines VL in synchronization with a timng
that the display pixel group for each rowis set to the 15 selection state
by the scanmirffreveina@oviderdsionahe Ponwesystgpl gorciomsYdr sigmal fed
fromthe system controller 150. Further, this power supply driver 140
causes a driSRAurFERS ddre espriren hPat tare dgseiaitbarh icurrent | pix based
to flowin the 20 organic EL el ement CEL direction from

on the display dat |
t he power sfpﬁ%ﬂ}mq M AL ¥R THE s s g s ar A etonire Bl g r cui t S)
by applying a high:1.evel_power, suppl oltage Vsch to the power supply
lines VL in esay%c%r%niﬁ}eat? on $WtH aép“&%lqoﬁir?‘?dﬁt%at the display pixel group for

each 0w is @%&ﬁ&?é‘ﬁi@y ﬂpiq;esrg)l ection state by the scanning driver 120.

As shown in power supply driver 140 generally conprises
Lo o5 51118 ook SR Aogl, S QO0H HOSHIT P IEROPSLSBIRe o4 v

(sink current) corresponding to the gradation current
Ipix based on the display data in the data driver 130
direction via the display pixels (pixel drive circuit)

10 from the power supply lines VL by applying the low-
level power supply voltage Vscl (e.g., a voltage level
equal to or below a ground potential) to the power
supply lines VL in synchronization with a timing that
the display pixel group for each row is set to the

15 selection state by the scanning driver 120 based on the
power supply control signal fed from the system
controller 150. Further, this power supply driver 140
causes a drive current corresponding to the gradation
current Ipix based on the display data to flow in the

20 organic EL element OEL direction from the power supply
liens VL via the display pixels (pixel drive circuits)
by applying a high-level power supply voltage Vsch to
the power supply lines VL in synchronization with a
timing that the display pixel group for each row is set

25 to the non-selection state by the scanning driver 120.

As shown in FIG. 15, the power supply driver 140

generally comprises voltage shift blocks VSB1l, VSB2,



regi sters and buffers in accordance wth each power supply line VL |ike
the shift blocks SB1, SB2, SBn of the above-described driver 120. Shift
out put s Swoenevmsssd whi |l e bei ng sequentially shifted fr@cTuRz03/0@Bsr part
toward the | ower part of the display panel 110 based on power supply
control signals (a power supply start signal VSTR a power supply clock
signal VCLK and others) synchronized wiith the scanning control 10 signals
fed fromthe systemcontroller are appl?éd to the respective power supply
lines VL as power supply voltages Vscl and Vsch having a predeterm ned

vol tage |ev a_low |level .iin the selection state set by the scanning
driver and a%EPéhokeeePEPﬁaéﬁgynBﬁ-§§P€@§i@ﬁnSiStém@t@fSehimy t he sane)
nal Ceneration Circuit) The display signa

t hrough t he : (Di.sp Si ,
gener ati on c??%&??éfgoggét%§§F§rga18rPﬁﬁ9ﬁ€§§cﬁryéébi@ﬁCQignabrconponent

from e.g., auppigep:sLopal plLied_fr e outside of the display 20
appar at us, angpgugplﬁég ?? %gggh%hga?élgg}bchkﬁosgéf dPSpl ay $ira for each

line of the disphayapatelqdifrip e the,video, signal includes a
tinmng signal conponent mhicﬁls%?pﬁﬁgﬁggmggérspP§§¥%iﬁFF@ugﬁ i mage
t he

'Sl 2y 51 gnal - generat o ors s oA 2 R P By act ¢ ho
o] SosE 1 ey SEpoga bosies 5y tovdr Bet D SYERELERRILY Lo,
110 based on power Supply control signals (a power
supply start signal VSTR, a power supply clock signal
VCLK and others) synchronized with the Scanning control
10 signals fed from the system controller are applied to
the respective power supply lines VL as power supply
voltages Vscl and Vsch having a predetermined voltage
level (a low level in the selection state set by the
scanning driver and a high level in the non-selection
15 state set by the same) through the buffers.
(Display Signal Generation Circuit)
The display signal generation circuit 160 extracts
a brightness gradation signal component from, e.g., a
video signal supplied from the outside of the display
20 apparatus, and supplies it to the data driver 130 as
display data for each line of the display panel 110.
In cases where the video signal includes a timing
signal component which stipulates a display timing of
image information like a TV broadcasting signal
25 (composite wvideo signal), the display signal generation

circuit 160 may have a function to extract the timing

signal component and supply it to the system controller



150 as well as a function to extract the brightness gradation signal
conponent. In this case, the system controller 150 generates the scanning
control swgQreab4/00387he data control signal and the power PappP0/0MBIFDI 5
signal which are supplied to the scanning driver 120, the data driver 130
and the power supply driver 140 based on the timng signal fed fromthe
di splay signal generation circuit 160. In this enbodi nent, as shown in
FIGS. 14 and 15, 10 as the driver assé&¥ly attached to the circunference
of the display panel 110, description has been given as to the structure
in which the data driver 130 and the power supply driver 140 are

i ndi vi dual | Y-t rashgeaill g 2 thogriesento i ewerdcbnths ot gliesésd ct ed
thereto. As 15 descri bed above, since the scanning driver 120 and the
power suppl YWIFdaleon 45 Bifer AXRRRR on Ihetlvii vag @entthe eitstodm si gnal s
(the scannin ontrol signal and the power supply control signal) with
which the ti ‘ﬁgfqlsle% (BHEREeT tthe e e tEgobtsianag, a 20
structure t EE%E_E§Q%Qlin dniveﬁ_120 ta?s a function to supply the power
suppl y vol t age ;/LLH[C o t3 & PYETerHRRNY #itoitlput ti m ngs

SsC Ins
o 11, Scermhe SNl S S LES A% Setln o, such R oL ucture
Sooa cosisr7 Her 20 Cose *RE U BRI SRy MRl el rectt B0
based on the timing signal fed from the display signal
generation circuit 160.
In this embodiment, as shown in FIGS. 14 and 15,
10 as the driver assembly attached to the circumference of
the display panel 110, description has been given as to
the structure in which the data driver 130 and the
power supply driver 140 are individually arranged, but
the present invention is not restricted thereto. As
15 described above, since the scanning driver 120 and the
power supply driver 140 operate based on the equivalent
control signals (the scanning control signal and the
power supply control signal) with which the timing is
synchronized, it is possible to adopt, e.g., a
20 structure that the scanning driver 120A has a function
to supply the power supply voltage Vsc in synchroniza-
tion with generation and output timings of the scanning
signal as shown in FIG. 16. According to such a
structure, the structures of the peripheral circuits
25 can be simplified.
(Display Pixel: Pixel Drive Circuit)

A concrete example of a pixel drive circuit



applied to the display pixel nmentioned above will now be described with
reference to the acconpanying drawi ngs. First, description will be given
as to a baei204f0387muct ure of a pixel drive circuit whicirCramadogoespf ied to
t he di splay apparatus according to this enbodinment and its operation. FIG
17 is a circuit structural view show ng an exanple of a basic structure of
a pixel drive circuit 10 applicable to the display apparatus according to
the present invention, and FIGS. 18A artf 18B are conceptual views show ng
a basic operation of the pixel drive circuit applicable to this
enbodinent. FIG 19 is a timng chart showng a display timng of inmage 15
i nformati on 3RPkIRA di e pitey Gbpatay usiaek onelihioned tdvsve embodiment . For
exanple, as shown in FIG 17, the pixel drive circuit DCx conprises an
NVOS thin fidmdssmsiRedvith refrierce atldhe aedompanyimected to a
scanning line SL, 20 a source termnal connected to a power supply line VL
and a drai n €M™ - connected to a junction Ni; an NMOS thin film

transistor Tr2 hay{g§$a ate termnal,. cannected to the scanning line SL
and source and drarh terfi nal & rESpettt v P SoRRRcE®dt? @ P#Ht@ |ine DL and

20 8 st oA vay R LI LIS a0statar o opadng,, 2 gate, o na
connected taf {MQ %ﬁ%l%ﬁ%%fﬂ&?%%@&%@ssco gl:7his embodiment
and its operation.

FIG. 17 is a circuit structural view showing an
example of a basic structure of a pixel drive circuit

10 applicable to the display apparatus according to the
present invention, and FIGS. 18A and 18B are conceptual
views showing a basic operation of the pixel drive
circuit applicable to this embodiment. FIG. 19 is a
timing chart showing a display timing of image

15 information in the display apparatus according to this
embodiment.

For example, as shown in FIG. 17, the pixel drive
circuit DCx comprises an NMOS thin film transistor Trl
having a gate terminal connected to a scanning line SI,

20 a source terminal connected to a power supply line VL
and a drain terminal connected to a junction N1; an
NMOS thin film transistor Tr2 having a gate terminal
connected to the scanning line SIL, and source and drain
terminals respectively connected to a data line DL and

25 a junction N2; an NMOS thin film transistor Tr3 having
a gate terminal connected to the junction N1, and

source and drain terminals respectively connected to a



power supply line VL and the junction N2; and a capacitor Cs c?nn:g}]ed
between the junction N1 and the junction N2, in the vicinity o esB A
i nt er sectworzoef003g7e scanning |ine SL and the data I|neP_D[r/J_mm)a/n?ﬂ ¢

to be orthogonal to the display panel 110. The [light emtti nghe _emrslCti o
(organic EL el ement CEL) has an anode terninal connected to the jut_ L

N2 and a cathode term nal connected to ground potential, resEe;: i %/he
Here, the capacitor Cs may be a 10 para% tic capacitance formadb e Wetend
gate and the source of the thin filmtransistor Tr3. It is to be note

' [ d as the light emtting elenment in
:E?ts ;Q:rrglrgg&}l%%f E%\}lgéf?gﬁtnee '!t%sli“ﬁ;%é?ew tjr%nnlg?; rasdracted thereto as
i 5. 3o, XAp i 9, the light enmitting
descri bed Y, F . as.shown in F|G 19, _
drive contré?aof t er|(?%h([e em%%dnaoeetf"é‘ﬁ%rhtth? ot YR EOEINE I a@nEhein t he

[ [ ' idn heyvi ng, ' by setting a wite
| drive i i ture is executed _ _
gbxgpera!ti onﬁlprfaér:%ho%n(or' a se ecﬁ%cnﬁ%%r ot o?a(f}helrbﬁ%?%?tl%‘@fs) in which

a display pitted Qraoupicpnnacd et tﬁ%q%&%’?;ﬂﬂ ng line is selected

and a signal current corresponding to disp P Tt ¥ thin one

. . . . : I
. i0ddTSe Wittt g detiey riHed) A5, 100 £ 253‘an% this signal
iﬁ?pgf{lgi ge[]ael d Oas a si gnag{ vol t age, an%s%aodlwla t em]tjtl ng gbeeratl on period

(or a non- Seladut icom tpricoa lafndrite (sl MX e ®ndddt WG 13,0
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anode terminal connected to the junction N2 and a
cathode terminal connected to a ground potential,
respectively. Here, the capacitor Cs may be a
10 Parasitic capacitance formed between the gate and the
source of the thin film transistor Tr3. It is to be
noted that the organic EL element OEL is used as the
light emitting element in this example, but the light
emitting element is not restricted thereto as described
15 above.

For example, as shown in FIG. 19, the light
emitting drive control of the light emitting element
(organic EL element) in the pixel drive circuit having
such a structure is executed by setting a write

20 operation period (or a selection period of the display
pixels) in which a display pixel group connected to a
specific scanning line is selected and a signal current
corresponding to display data is written within one
scanning period Tsc which is determined as one cycle

25 and this signal current is held as a signal voltage,
and a light emitting operation period (or a non-

selection period of the display pixels) in which a



drive current according to the display data is supplied to the organic EL
el enent based on the signal voltage witten and held in the wite

oper at i orwpeniso3sgnd the |light emtting operation is pectarmosossish a
predeter 5 mned brightness gradation (Tsc = Tse + Tnse). Here, the wite
operation periods Tse set for the respective lines are set so as not

overlap in tinme. (Wite Operation Period: Selection Period) In the wite
operation (selection period Tse) for 1¥the display pixels, as shown in
FIG 19, a high-level scanning signal Vsel (Vslh) is applied to the
scanning line SL in a specific line (i-th line) fromthe scanning driver
120, and a |¥WYeverrpewerasupplilyngvbdt bige ¥ssblay dpphi s sappheepowner
supply line VL in 15 this line (i-th line) fromthe power supply driver
140. in syncH? orite 82T SHUF t I t Bl emen i bgsed hen gilaelas i oma l cuot age havi ng t he
negative pol arijt -1 pi orrespondi ng to display data of the line
fetched by W?&F%ﬁéa@@??&%%glﬁ@ tlae siph ?eﬁp?ﬁagh@% periodli med Dthe20 As a
result, the f{%ﬁkféln1t{ansistors.TrI.and Tr2 constituting the pixel drive
circuit DO Pertorithetdh CRpet bt PRnt S er tPEned W By et poeRetstppl y

vol tage Vscly:ds; appid t junction N (that is. the gate termnal of
the thin fi Imnjir%ér%nm S }g&érfs\,, %ﬁ%‘h%%%o%n@%‘f 25 thet c%%%i t orH¥€s§, and the
operation tojuldeimet gr adat.i on. r i the negative. polarity
(-1pix) via the data (%?enre DL |s§ég€%§#§edf%%t£§%sp% r%h%%ﬁe,o’S%e%%ow 003877
PCT/ JP2003/ Q081E3 229 set so as not overlap in time.

(Write Operation Period: Selection Period)
In the write operation (selection period Tse) for
10 the display pixels, as shown in FIG. 19, a high-level
scanning signal Vsel (Vslh) is applied to the scanning
line SL in a specific line (i-th line) from the
scanning driver 120, and a low-level power supply
voltage Vscl is applied to the power supply line VL in
15 this line (i-th line) from the power supply driver 140,
In synchronization with this timing, the gradation
current having the negative polarity (~Ipix)
corresponding to display data of the line Ffetched by
the data driver 130 is supplied to each data line DL.
20 | As a result, the thin film transistors Trl and Tr2
constituting the pixel drive circuit DCx perform the on
operation, and the low-level power supply voltage Vscl
is applied to the junction N1 (that is, the gate
terminal of the thin film transistor Tr3 and one end of
25 the capacitor Cs), and the operation to pull in the
gradation current having the negative polarity (-Ipix)

via the data line DL is carried out. As a result, a



vol tage | evel having a | ower potential than the |ow |evel power supply

vol tage Vscl is applied to the junction N2 (that is, the source term nal of
t he thi rwbizbewdosgrisi stor Tr3 and the ot her end of the PCraApawBO@SLs). As
descri bed above, generation of a potential difference between the junction
N1 and the N2 (between the gate and the source of the thin filmtransistor
Tr3) causes the thin filmtransistor Tr3 to performthe 10 on operation
and, as shown in FIG 18A, a wite currfit 1la corresponding to the
gradation current Ipix flows down to the data driver 130 fromthe power
supply line VL via the thin filmtransistor Tr3, the junction N2, the
thin filmtr¥ast306r levelahdvihe daflawkirnpobenti5lAthbhi sheomept, el ectric

char ges corr&sgogding to the potential difference generated between the
junctions N ~8K8-N2C{VBEt ABBRLYh&odheeealidcihéssenptéedf tothe thin film

transi stor T£§% are Etored in the capacitor Cs, and it is held (charged)
as a vol t age ¢oHpoheRt N2FGFPREr 155) hRe sRBrpewsermipplyofokhage Vscl

havi ng a vol el ,equal to o ess than a ground potential is applied
to the pomer£§%%p#§y iEEanlséﬂa %ﬁé #rfit BhguPERAE eRdi efcbherol | ed so as

to flogv in¢g d | i direction, the potential applied to 25 the anode
term nal (jun%§?0%£ﬁﬁ)t%$'the organic EL elenent OEL becones | ower than

P oS SE esPRASRl Bohng LOEeRatbage Lol rnely g o reverse
difference between the junction N1 and the N2 (between
the gate and the source of the thin film transistor
Tr3) causes the thin film transistor Tr3 to perform the

10 on operation and, as shown in FIG. 18A, a write current
Ia corresponding to the gradation current Ipix flows
down to the data driver 130 from the power supply line
VL via the thin film transistor Tr3, the junction N2,
the thin film transistor Tr2 and the data line DL.

15 At this moment, electric charges corresponding
to the potential difference generated between the
junctions N1 and N2 (between the gate and the source of
the thin film transistor Tr3) are stored in the
capacitor Cs, and it is held (charged) as a voltage

20 component. Further, since the power supply voltage
Vscl having a voltage level equal to or less than a
ground potential is applied to the power supply line VL
and the write current Ia is controlled so as to flow
in the data line direction, the potential applied to

25 the anode terminal (junction N2) of the organic EL
element OEL becomes lower than the potential (ground

potential) of the cathode terminal, and a reverse bias



voltage is applied to the organic EL el enment OEL. Therefore, the drive
current does not flow through the organic EL elenent, and the |ight

em tting wpeoatiossy7is not executed. 5 (Light Emtting @oErIRLG0aM0SPEY | od:
Non-sel ection Period) Subsequently, in the light emtting operation
(non-selection period Tnse) of the organic EL elenent after conpletion of
the wite operation period (selection period Tse), as shown in FIG 19, a
| ow 10 | evel scanning signal Vsel (Vsel®y is applied to the scanning |line
SL in a specific line (i-th Iine) from the scanning driver 120, and a

hi gh-1 evel power supply voltage Vsch is applied to the power supply line
VL in this Vdlieqs -ish dpme)ed riom thee qoyeeri s uipl ol attdmverori40. 15 Furt her,
in synchronization with this timng, the operation to pull in the

gradati on cUFYERTBIE t Her @l gt valrquarertdgides stappehw Ashmoudgdsutite the thin
filmtransistors Trl and Tr2 constituting the pixel drive circuit DCX

per f orm t he P HHC dperstSHiRtapitd ddig ol Bt 1o oviesr ongsstiarolisage  Vsc
to the junctj Qn N1 %tha& is, the gate terminal of the thin filmtransistor
Tr3 and one "&nd 6 ‘capacitor Cs) is interrupted, and application of

(he EF1 L % e, BB AN NE Ul S poWog S5 Lerm ol of
2 00 S Bty LU S LB Podlflg o ver 130
(non-selection period Tnse) of the organic EL element
after completion of the write operation period
(selection period Tse), as shown in FIG. 19, a low-

10 level scanning signal Vsel (Vsell) is applied to the
scanning line SL in a specific line (i-th line) from
the scanning'driver 120, and a high-level power supply
voltage Vsch is applied to the power supply line VL in
this line (i-th line) from the power supply driver 140,

15 Further, in synchronization with this timing, the
operation to pull in the gradation current by the data
driver 130 is stopped. |

As a result, the thin film transistors Trl and Tr2
constituting the pixel drive circuit DCx perform the

20 off operation, application of the power supply voltage
Vsc to the junction N1 (that is, the gate terminal of
the thin film transistor Tr3 and one end of the
capacitor Cs) is interrupted, and application of the
voltage level to the junction N2 (that is, the source

25 terminal of the think film transistor Tr3 and the other
end of the capacitor Cs) due to the operation to pull

in the gradation current by the data driver 130 is



interrupted. As a result, the capacitor Cs holds the electric charges
stored in the above-described wite operation. As described above, the
capaci t orwQotualogsy7t he 5 charge voltage in the wite op@catiPzng/oeesss a
potential difference between the junctions N1 and N2 (between the gate
and the source of the thin filmtransistor Tr3) is thereby held and the
thin filmtransistor Tr3 maintains the on state. Further, since a power
supply voltage 10 Vsch having a vol t agéOflevel higher than the ground
potential is applied to the power supply line VL, the potential applied to
t he anode teyminal (junction N2) of the organic EL el enent OEL becones
hi gher than 1 ReSTpoRERE al Af g7 ot bt eblee atpatitbe Cat hodléstehainal . 15
Therefore, as, shown ithIG. 18B, a_predetermned drive current Ib flows
t hrough the Orgam t° BN Eaent toOREL 8 obhe mboverde supbbgd | wneta/L t hr ough
the thin filcgg ]%rtaigilstor Tr3 and the junction N2 in a forward bias
direction, a o the organic EL elenent CEL emts the 20 light. Here, since

coresponds to & BOToReT HYodi FRRTEncE AP SaUSP G P ROMRT L BBUr rent | a
ransi otor T8 Ao ot o0 U reit HDi iS5 Pirbughid e B GERHEEL of enent
" the non selectt o e ad Tnes A e TRy S Bt ode
PCT/ JP2003/ 328%b3nd Gthe source of the thin film transistor Tr3) is
thereby held and the thin film transistor Tr3 maintains
the on state. Further, since a power supply voltage
10 Vsch having a voltage level higher than the ground
potential is applied to the power supply line VL, the
potential applied to the anode terminal (Junction N2)
of the organic EL element OEL becomes higher than the
potential (ground potential) of the cathode terminal.
15 Therefore, as shown in FIG. 18B, a predetermined
drive current Ib flows through the organic EL element
OEL from the power supply line VI through the thin film
transistor Tr3 and the junction N2 in a forward bias
direction, and the organic EL element OEL emits the
20 light. Here, since the potential difference (charge
voltage) held by the capacitor Cs corresponds to a
potential difference when causing the write current Ia
corresponding to the gradation current Ipix to flow in
the thin film transistor Tr3, the drive current flowing
25 through the organic EL element OEL has a current value
equivalent to the write current Ia. As a result, in

the non-selection period Tnse after the selection



period Tse, the drive current is continuously supplied through the thin
filmtransistor Tr3 based on a voltage conponent corresponding to the

di spl ay dwDaog4gagfati on current) witten in the sel ectipcm/Jpziosoesiise. The
5 organic EL el enent OEL continues the operation to emt the light with
the brightness gradation corresponding to the display data. As shown in
FIG 19, by sequentially repeatedly executing the above-described series
of operation with 10 respect to the dit8gl ay pixel groups for all the lines
constituting the display panel, the display data for one screen of the

di splay panel is witten, the light is emtted with a predeterm ned
bri ght ness (ReEf®iohse, aklde désivedcimaget i hé ocomtivnoiisldi sphayeda 15

Al though the thin filmtransistors Trl to Tr3 applied to the pixel drive
circuit accor¥iMyRothei khirnbbhn neranatetent Tparbesedaohyaresttageed, all
of the thinfilmtransistors Trl to Tr3 can be constituted by n-channel
type transi sSTOFCPENY FRMCeSRPF R arethe ypespbrvnde baoleraddttom TFT can

be excel | ent ied..In such . a case, the pixel drive circuit having the
é&&i#ﬁ% E%rl%??% PANBR et SF F v P eRERPeRE? vel Jhe manuf act ur ed

stable drivec At ACt e _ _ _
atcor i ng TS TR B Yol e el Pen o Rt e GROAL BERCRS BBl r Ul t
06 5034 oo RETeboeT oy By Sl S Blad il RS gyt e er T2
to the display data.
As shown in FIG. 19, by sequentially repeatedly
executing the above-described series of operation with
10 respect to the display pixel groups for all the lines
constituting the display panel, the display data for
one screen of the display panel is written, the light
is emitted with a predetermined brightness gradation,
and desired image information is displayed.
15 Although the thin film transistors Trl to Tr3
applied to the pixel drive circuit according to this
embodiment are not particularly restricted, all of the
thin film transistors Trl to Tr3 can be constituted by
n-channel type transistors, and hence an n-channel type
20 amorphous silicon TFT can be excellently applied. 1In
such a case, the pixel drive circuit having the stable
drive characteristic can be relatively inexpensively
manufactured by applying the already established
manufacturing technigue.
25 Further, according to the pixel drive circuit
having the above-described circuit configuration, even

if the characteristic of the thin film transistor Tr3



or the light emtting elenent is deteriorated due to an aged change, the
potential difference (charge voltage) held in the capacitor Cs becones a
pot ent i alwai2bd4887ce required for passing the wite cuPCEIP2003008153
corresponding 5 to the gradation current Ipix to the thin film transistor
Tr3. Therefore, the drive current Ib flow ng down through the organic EL
element OEL is nmintained at a current value equivalent to the wite
current la. Thus, it is possible to supgp3ess 10 degradati on of the display
state such as generation of display irregularities due to an aged change,
t hereby maintaining the excellent display state. FIG 20 is a schematic
bl ock diagraﬁ?sEBﬁAgQGBt phiL rhipgselaventeiof daherheraexdanmphe eb the

di splay 15 apparatus according to the present invention. In the
above-descri%g defBBaffenthearphenghal hdifdesphay dpbaratusoldasp) ay panel)
adopting the agaive trix t{ge drive node including_the pi xel drive
circuit for 2&tH UPshREyCPPRElteF tReLAFSBEayapRABENRAs1 201 EEenedescr i bed,
the present %Q¥§f£é8n is not restgécted, thereto. As shown in FIG 20, it

i s needl ess foioay"Tthaf PRSFLRBoERFpIEite EREEFRENLPyCaBEEFPORSiATSI ay

Cleh 58 an organe BrAUTELSAChELSE PBTs Fo ghbl chbiri KEfal ode LED havi ng

such as an organi €

an anode andtﬁanggg@@g¢T£§§pe@ﬂ%ygfgrgongggtﬁgiggo%gfﬁgg nping |ine and

the data line in the vicinity of an i nterséctron 004/ 003877
PCT/ JP2003/ 088d%ng 184wn through the organic EL element OFL is

s

maintained at a current value equivalent to the write
current Ia. Thus, it is possible to suppress

10 degradation of the display state such as generation of
display irregularities due to an aged change, thereby
maintaining the excellent display state.

FIG. 20 is a schematic block diagram showing a
primary structure of another example of the display

15 apparatus according to the present invention.

In the above-described embodiment, although the
display apparatus (display panel) adopting the active
matrix type drive mode including the pixel drive
circuit for each display pixel of the display panel has

20 been described, the present invention is not restricted
thereto. As shown in FIG. 20, it is needless to say
that it is possible to excellently apply the display
apparatus adopting a simple matrix (passive matrix)
type display panel such as an organic EL element OEL or

25 @ light emitting diode LED having an anode and a
cathode respectively connected to the scanning line and

the data line in the vicinity of an intersection of the



data line DL extending fromthe data driver 130B and the scanning |ine SL
extending fromthe scanning driver 120B. It is to be noted that, in FIG
20, that wbeooddogd?y emitting diode LED is used as the | ipghtJPznosoesisy 5
elenment. In this case, since the gradation control can be executed by

i ndividually supplying the light emtting drive current having a
predeterm ned current value corresponding to the display data to each
light enitting element, the excellent 1fdlti-gradation display 10 can be
realized while increasing the display speed of inmage information.
Furthernore, in the display apparatus adopting the sinple matrix type

di spl ay pane@aY¥Ih%@?aPEdexhemdtngzﬁyomtths Passi b even aBoBtamdy one of
the 15 structures of the current drive apparatuses described in

conj uncti on WEhSEHNERYsting b nertendbeg nEnes tlke tbhenuing driver 130B.

Specifically,,in the sing]le current generation circuit, currents having a
predet er mi ne{tlzél%’])(edf%ujr?em bonQtedet bl gtheFhFed?0t hehatrteats are

sequential Iy, § ggggiéggmhqéqx%nuﬁgs_res ggtivg current storage circuits
provi ded in @ctor dance Wit ho e B it thes B plidRerehbl Enef the
[espect | ve, 1SN pey AN he heldhurpents ste sl teneouly
B e o s i i
emitting drive current having a predetermined current
value corresponding to the display data to each light
emitting element, the excellent multi-gradation display
10 can be realized while increasing the display speed of
image information.
Furthermore, in the display apparatus adopting the
simple matrix type display panel illustrated in
FIG. 20, it is possible to adopt any one of the
15 structures of the current drive apparatuses described
in conjunction with the first to ninth embodiments as
the data driver 130B.
Specifically, in the single current generation
circuit, currents having a predetermined fixed current
20 value are generated, the currents are sequentially
fetched and held in the respective current storage
circuits provided in accordance with a plurality of the
output terminals of the respective driver chips, and
the held currents are simultaneously outputted to the
25 respective data lines arranged in the display panel
through the respective output terminals in a

predetermined display period in an individual supply



time (pulse width) based on the display data consisting
signal s by applying the known pul se

of the digital
w dt h nodul ation (PWWM drive node. As

a result,weizoee0387W i s possible to cause each |ight em PCrIg2ebemsess to 5

performthe light emtting operation with a predeter-
gradation corresponding to the display data,

m ned bri ght ness
i mage i nformation can be

excellently displayed in the nulti-gradation. In the foregoi ng enbodi nent
of the display 10 apparatus, although He&scription has been given as to the

circuit configuration including the three thin film

transi stors as the

pi xel drive circuit included in each display pixel of the display panel
t he present Yifgeroudipe &7igdh)r éstssicctoad tthe tdiisplenboditrentonsdamt dirtg 15 i s
possi ble to adopt a circuit configuration including, e.g., four thin film
transi st or s OIS0 P91 il isd gpedsi Bive arpladaist they kaomer pudisecui t
configuration long as.it is a display apparatus including the imge
drive ci rcuiwtldt%z1 W‘ﬁd%‘rjra;l?@ c(lmedréﬂ@cinﬂcﬁeati &F FodeSHd udiimgea
conformation.to_ apply.the.gradation cyrrent fromthe data line is
it S Séﬁ’é@i &

as wel |
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as a curr
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appl i ed
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ntrol transistor which

f K has ..a.ligh i.t.ting.,
contral s sPeraoed the na%Re 80 e el See S Rt et arprecls el ement anc
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data, image information can be excellently displayed in
the multi-gradation.

In the foregoing embodiment of the display
apparatus, although description has been given as to
the circuit configuration including the three thin film
transistors as the pixel drive circuit included in each
display pixel of the display panel, the present
invention is not restricted to this embodiment, and it
is possible to adopt a circuit configuration including,
e.g., four thin film transistors.

Moreover, it is possible to adopt any other
circuilt configuration as long as it is a display
apparatus including the image drive circuit to which a
current specification mode including a conformation to
apply the gradation current from the data line is
applied as well as a current specification mode which
pulls in the gradation current from the data line, has
a light emitting control transistor which controls
supply of the drive current to the light emitting
element and a write control transistor which controls

the write operation of the gradation current, supplies



the drive current by causing the light emtting control transistor to
performthe on operation based on the wite current after holding the
write curwermodzmesyrding to the display data, and cause®Crhiexdosqgésiseni tti ng
5 elenents to emt the light with a predeterm ned brightness gradation.
Additionally, the light emtting elenent arranged in each display pixel is
not particularly restricted, and it is possible to adopt any other I|ight
emitting 10 elenent than the organic E0%el ement or the light enitting

di ode described above as long as it performs the light emtting operation
with a predeterm ned brightness gradation according to a current val ue of
the |ight erilt® iHg ‘o icErrant &t cuppliedhadriagin: bl @ itmugintiel above
has described the case that the current drive apparatus according to the
present i nVERIOREE dspIredad tHe A prgrafiian kigedian dthe t he di spl ay

apparatus, the current drive apparatus according to the present invention
is not restricted Ct%rﬁ?q%tfbﬁ:eatpg} RO dhs & Epard ien FReRigIe, it s

possi ble to Ly the_current drive, apparat ta a.  drive circuit of a
devi ce incI&'|%&éﬂg%fgaarn§%§?NWﬁQﬁlégh§%% gmﬂhﬁuﬁm%ﬁF%ﬁga current,
such as a drd i | t..of int ad forned ar.rangi ng many 25

| i ght en1tti%£§%%n§§£§¥!&?ggéggﬁ%ﬁgﬁﬁgbgﬁgglé%é%ﬁ%ﬁ%} o current drive

appar at us amd-jighs nddaV & |iNod,pf the present WO 2004/ 003877
PCT/ JP2003/ 008153 107

Additionally, the light emitting element arranged
in each display pixel is not particularly restricted,
and it is possible to adopt any other light emitting

10 element than the organic EL element or the light
emitting diode described above as long as it performs
the light emitting operation with a predetermined
brightness gradation according to a current value of
the light emitting drive current supplied thereto.

15 Although the above has described the case that the
current drive apparatus according to the present
invention is applied to the display drive circuit of
the display apparatus, the current drive apparatus
according to the present invention is not restricted to

20 such a display drive apparatus. For example, it is
possible to apply the current drive apparatus to a
drive circuit of a device including many elements which
drive by application of a current, such as a drive
circuit of a printer head formed by arranging many

25 light emitting diodes.

As described above, according to the current drive

apparatus and its drive method of the present



invention, in the technique to operate each load in a predetermned drive
state by supplying a predetermined drive current to each of the plurality
of | oads wocho4®3s7a plurality of arranged |ight emttingCeliemsnes1sH
operating currents having a predeterm ned current value are generated and
outputted by the single current generation circuit, they are supplied to
the plurality of current storage circuits individually forned on, e.g., a
plurality of the semiconductor chips, afAd 10 correspondi ng vol t age
conmponents are held. Therefore, the currents having the uniform current
characteristic supplied fromthe single current source are held in the
respective ctRY®hElQRorhgetlerearinighicet he opspetei vechskoadondust or chi ps.

Therefore, it %é &ossible to use 15 the relatively sinple apparatus
structure t PrERYSH e rdplvarsiaes by swerlying zupredttooniwen t he

respective sem conductor, chi ps and between_ the output termnals provided

to the sane %%W%dﬂﬁﬁ%%%ﬁ TR pac dﬂft?%%é?l@{a%ythpﬁfyl®@§$h%u@Qréént drive
cirourt (darh T ver) ot HECRTARr Ay L aBharht CEing 1o SngBedi bl e 1o suppress
oo art @ didde b ae, LUl ol b NESD. LN YL BILDS e o e
Cher eby | mprovi hh he e sal Gy Tage ghany R v bt GhSRE T | o
PCT/ JP2003/ il t 188 circuit, they are supplied to the plurality
of current storage circuits individually formed on,
e.g., a plurality of the semiconductor chips, and
10 corresponding voltage components are held. Therefore,
the currents having the uniform current characteristic
supplied from the single current source are held in the
respective current storage circuits of the respective
semiconductor chips. Therefore, it is possible to use
15 the relatively simple apparatus structure to restrain
irregularities in the drive current between the
respective semiconductor chips and between the output
terminals provided to the same semiconductor chip.
Additionally, by applying the current drive
20 apparatus according to the present invention to the
signal drive circuit (data driver) of the display
apparatus, it is possible to suppress irreqularities
in the drive current between the driver chips
(semiconductor chips) and between the output terminals
25 provided to the same driver chip and restrain
generation of display irregularities, thereby improving

the display image quality.



Addi tional advantages and nodifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not
limted two 20bu0sgyeci fi c details and representative enbedrmensodishown and
descri bed herein. Accordingly, various nodifications nay be made w t hout
departing fromthe spirit or scope of the general inventive concept as
defined by the appended clains and their equival ents. W 2004/ 003877

PCT/ JP2003/ 008153 109 CL Al MS 1. M@urrent drive apparatus which
operates a plurality of |oads by applying a current thereto, the current
drive apparatus conprising: 5 a plurality of output termnals (Tout) to
which the | oads 2f@liepettidetytamemeni@diodi i gt ossirwent generation
circuit (10) which outputs an operating current having a predeterm ned
current val d&3&nd RFEF DIk ditase drkiduracknitn Sther aget ci rthartstqx39) whi ch
are respecti%gelty. connected to the output termnals, sequentially fetch and
hol d the operst iy CUrBhtiD diF REAAAYarfsRRAEF dut prat alidrited dio rent

based on th oper at.i current to the output termnals. 15 2. The current
drive appar atiis ceccolrfqi%néyett@ﬂﬁ & f,e%‘?#é]tr?ttl%a sFdedingiteurrent has a
current valye Cca‘?{cgi hnput. signal. 3.. The current drive apparatus
according to chfhai m 2, %%fﬁéa%n% t}heé&e(:l r e%\ccﬁé:rﬁielrt%ﬁ i¥on ‘@@ (10)
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



20 conprises: a control current generation circuit (11) which generates a
control current according to the input signal; and an output current
gener at i owocoeswsg77( 12) which 25 generat es and out put s Pam/Jeopoesisur r ent
having a predetermned current ratio relative to the control current. WO
2004/ 003877 PCT/ JP2003/ 008153 110 4. The current drive apparatus according
to claim3, wherein the current value of the control current is set
| arger than a current value of the ouflf8t current. 5 5. The current drive
apparatus according to claim3, wherein the input signal is a digital
signal having a plurality of bits, the control current generation circuit
(11) conprises a plurality of bitCclrfedtMgéneration 10 circuits (CTn)
whi ch generate a plurality of bit currents that current val ues have
wei ghti ngs corresgondﬁnﬁuFéePEsﬁééVﬁvépbﬁrét@ﬁ whécli gbeaktssgral, and any
of the respec#ive bi t cgr{en s are selected in 15 accordance wth a bit

I

val ue of thePTHpUttsY gRhl 1oaRd PY haPRb%IRSI 2 cERFERRE | Shgeabeat Bheby addi ng
cllaim 3, wherS H T RIEE bR T ot GeRerErom ol reurt ot
5 a plurality of output terminals (Tout) to which
the loads are respectively connected;

a single current generation circuit (10) which
outputs an operating current having a predetermined
current value; and

10 a plurality of current storage circuits (30) which
are respectively connected to the output terminals,
sequentially fetch and hold the operating current, and
simultaneously output a drive current based on the
operating current to the output terminals.

15 2. The current drive apparatus according to
claim 1, wherein the operating current has a current
value according to an input signal.

3. The current drive apparatus according to
claim 2, wherein the current generation circuit (10)

20 comprises:

a control current generation circuit (11) which
generates a control current according to the input
signal; and

an output current generation circuit (12) which

25 denerates and outputs an output‘current having a
pPredetermined current ratio relative to the control

current.



20 (12) conprises a current mrror circuit having the predeterm ned current
ratio. 7. The current drive apparatus according to claim1, wherein each
of the cuwpent4/®BgIrage circuits (30) conprises a volt ageTaemoanens3 hol di ng
section (31) 25 which fetches the operating current outputted fromthe
current generation circuit and holds a voltage conponent corresponding to
a current value of the WO 2004/003877 PCT/JP2003/008153 111 operating
current. 8. The current drive apparatudl&ccording to claim?7, wherein the
vol t age conponent hol ding section (31) has a capacitance elenent (C31) in
which electric 5 charges corresponding to the operating current are
witten. 9. The cérre&hedﬁpvéeaﬁpérévasaapaoaduﬂgatcordﬁabntB, wherein the
vol t age conponent golding section (31) has a field effect type transistor
(MB2) whi ch 402 t8usesWipkebpethei pgreantenalue pFowhbetwrtnoa source and a

drain thereoftl and, the ca afitance el ement (C31) has at |east a parasitic
capaci t ance battedh tReSSbufdEIshdthaBat eCBirerhevaiapdoéf thet type

transi stor (g@%gu aggrgeg | tage 15 between the source and the gate
correspondi ng to %h operating current is witten in the capacitance

ISR SR e R S A A
claim 3, wherein the input signal is a digital signal
having a plurality of bits,

the control current generation circuit (11)
comprises a plurality of bit current generation
10 circuits (CTn) which generate a plurality of bit
currents that current values have weightings
corresponding to respective bits of the digital signal,
and
any of the respective bit currents are selected in
15 accordance with a bit value of the input signal, and
the control current is generated by adding the selected
bit currents.
6. The current drive apparatus according to
claim 3, wherein the output current generation circuit
20 (12) comprises a current mirror circuit having the
predetermined current ratio.
7. The current drive apparatus according to
claim 1, wherein each of the current storage circuits
(30) comprises a voltage component holding section (31)
25 which fetches the operating current outputted from the

current generation circuit and holds a voltage

component corresponding to a current value of the



20 transistor (M32) has a value which is at |east approximately 200 cn®/ Vs
or a larger value. 11. The current drive apparatus according to claim?7,
wher ei n esohoefoosdre current storage circuits conpri sesPaTAPRM&0EASY ent
generation section (32) which 25 generates and outputs the drive current
having a predetermned current ratio relative to the operating current
based on the voltage conponent held in the WD 2004/ 003877 PCT/ JP2003/ 008153
112 vol tage conponent hol ding section.11®. The current drive apparatus
according to claim11l, wherein the drive current generation section (32)
conprises a current mrror circuit having the 5 predeterm ned current
rati o. 13. TReXARrehtcudtiapd appar at us according to claim1, wherein each
of the current storage circuits conprises: a pair of current storage
sections (3la, b)®- 10°h& r@Hgent fipkfal arratatenchceiding dmd a contr ol
portion whic alte{n%el perforns an operation to fetch the operating
current out pUttdd r deaHE ddis et tgeitercamraedity daidiad sesitd aa vol t age
conmponent cory.esponding to a.current. valye of the 15 operating current in
one current (s3tl§r§1§es sae%taip@r?lécr?dlcfn elc%rbﬁng'ti@r?]t)o IGUMPRHCR 19 SFGBEE cur rent
basedzon they Zr%lt 38,5 9{; d.in the other current storage section
in parallel = 14, e‘Fﬁe gu%;%%?%c}}ﬂl géoap;cpl)laer SR G ST are
written.
9. The current drive apparatus according to
claim 8, wherein the voltage component holding section
(31) has a field effect type transistor (M32) which
10 causes the operating current to flow between a source
and a drain thereof, and
the capacitance element (C31) has at least a
parasitic capacitance between the source and a gate of
the field effect type transistor (M32), and a voltage
15 between the source and the gate corresponding to the
operating current is written in the capacitance element
(C31).
10. The current drive apparatus according to
claim 9, wherein the mobility of the field effect type
20 transistor (M32) has a value which is at least
approximately 200 cm?2/Vs or a larger value.
11. The current drive apparatus according to
claim 7, wherein each of the current storage circuits
comprises a drive current generation section (32) which
25 generates and outputs the drive current having a

predetermined current ratio relative to the operating

current based on the voltage component held in the



20 claim 1, wherein each of the current storage circuits conprises:

current storage sections (32a, b) on a front stage and a rear stage which
are arrarggoecoianossTri es; and a control portion which perPormB2@s/0@pEYr at i on
to 25 fetch the operating current outputted fromthe current generation
circuit in the current storage section on the front stage, hold a voltage
conponent correspondi ng WO 2004/ 003877 PCT/JP2003/008153 113 to a current
val ue of the operating current and suppl!¥ a current based on the voltage
conponent to the current storage section on the rear stage and an
operation to fetch the current supplied fromthe current storage 5 section

on the frontVasltage dmaprentolcaighi eorporizinn. corresponding to a current
val ue of the current and output the drive current based on the voltage
conmponent in pdréal | dhe IIrrERd diirentaniEd e uhpmendiaedor ding to 10
claim 1, wherei.n the drive current has the sane current value at the

out put termMTAE g WhrFddy idift drivee Apmend genredridimgadiat ai m 15,

whi ch furthe onprises a single input, current storage circuit (70)
bet ween t he <(r:3u‘25r et 15 §eh ér é‘iqir&?n&lp%ﬁorar?dl’%%tplr{ﬁvdmg{ Vh¥ the current

storage cCirclidsrand \@fgfr ' e input current storage circuit fetches the
operating c rrenteoutght éﬁh&FBﬁifﬁgBéﬁrrent generation <circuit, hold a

vol tage conponenty corfespondiang t0-;a apparatus according to
claim 1, wherein each of the current storage circuits
comprises:
a pair of current storage sections (3la, b)
10 arranged in parallel to each other; and
a control portion which alternately performs an
operation to fetch the operating current outputted from
the current generation circuit and hold a voltage
component corresponding to a current value of the
15 operating current in one current storage section and an
operation to output the drive current based on the
voltage component held in the other current storage
section in parallel.
14. The current drive apparatus according to
20 claim 1, wherein each of the current storage circuits
comprises:
current storage sections (32a, b) on a front stage
and a rear stage which are arranged in series; and
a control portion which performs an operation to
25 fetch the operating current outputted from the current
generation circuit in the current storage section on

the front stage, hold a voltage component corresponding



20 current value of the operating current and supplies a current based on
the voltage conponent to the plurality of the current storage circuits.
17. The cwiDr2eem/00ds77ve appar at us according to claim 16, PaRAPEIOB0ESHES | nput
current storage circuit has 25 a capacitance elenent in which electric
charges corresponding to the operating current are witten as the voltage
conponent. WD 2004/003877 PCT/JP2003/008153 114 18. The current drive
apparatus according to claim 17, wheréld the input current storage circuit
has a field effect type transistor which causes the operating current to
fl ow between a source and a drain 5 thereof, and the capacitance el enent
has at |eastt@ pardsiene vahpacr f apve detyeeing heusoeniceambhdsapghy e of the
field effect type transistor. 19. The current drive apparatus according to
10 cl ai m 16,2 WABASETH thsshmn e renttagoregeeeieniuito dorprisesnt a pair
of input current storage sections (71a, b) arranged in parallel to each
other; and & COMRTDISHortF P EB2erTied e 2 perdbroreBat iopekat i on to

circuit in GRERGH THE TR Cur RERS oSt Bt TORE P HRTEE® vol ¢ age
one” ot currEnCTorar ags clrfors Chir BT der PR UG current
based on a %Qhﬁﬁggionding to a current value of the current and
output the drive current based on the voltage component
in parallel.
15. The current drive apparatus according to
10 claim 1, wherein the drive current has the same current
value at the output terminals.
16. The current drive apparatus according to
claim 15, which further comprises a single input
current storage circuit (70) between the current
15 generation circuit and the plurality of the current
storage circuits, and wherein
the input current storage circuit fetches the
operating current outputted from the current generation
circuit, hold a voltage component corresponding to a
20 current value of the operating current and supplies a
current based on the voltage component to the plurality
of the current storage circuits.
17. The current drive apparatus according to
claim 16, wherein the input current storage circuit has
25 a capacitance element in which electric charges
corresponding to the operating current are written as

the voltage component.



20 conponent held in the other input current storage section to the
plurality of the current storage <circuits in the other input current

st orage swotoewossy7 parallel. 20. The current drive app&catigzoaoeasdi ng to
25 claim 15, further conprises a pulse width control circuit (65) which is
provi ded between the plurality of the output termnals and the | oads and
controls a pul se WO 2004/ 003877 PCT/JP2003/008153 115 width of the drive
current outputted fromthe output terhifals. 21. The current drive
apparatus according to claim20, wherein the pulse width control circuit
5 controls a pulse width of the drive current in accordance with an input
signal . 22. The 1w r efte drunvecnippdr tve o dingdoordimg md, wherein at

| east the plurality of the current storage circuits and the out put
terminal s arddF 6t ey drhendimtthedipwnecsamomiuetaye chimyiGP)ha®3. The

current drive apparat ccording to  claim?22, wherein the single current
generationtﬁrﬁiﬁig SL 9O neP ot ek tondiet @ @igeditierent fromthe

aforesaid sem conductor chip. 15 24. The current drive apparatus according
to claim22PSiierdth THe Sindi® "Yeﬁ?etd@??é?a%i%wlﬁe?c%ﬂq aidrgdgrmed in
the sem condyct.qr «chipn, 425 A current drive apparatus which operates a
plurality of oaég’by applying a current thereto, the

the capacitance element has at least a parasitic
capacitance between the source and a gate of the field
effect type transistor.
19. The current drive apparatus according to
10 claim 16, wherein the input current storage circuit
comprises: a pair of input current storage sections
(7la, b) arranged in parallel to each other; and
a control portion which alternately performs an
operation to fetch the operating current outputted from
15 the current generation circuit in one of the input
current storage sections and hold a voltage component
corresponding to a current value of the operating
current in one input current storage section, and an
operation to supply a current based on a voltage
20 component held in the other input current storage
section to the plurality of the current storage
circuits in the other input current storage section in
parallel.
20. The current drive apparatus according to
25 claim 15, further comprises a pulse width control
circuit (65) which is provided between the plurality of

the output terminals and the loads and controls a pulse



20 current drive apparatus conprising: a plurality of output term nals
(Tout) to which the | oads are respectively connected; a single reference
current gwopeoatdiossy7circuit (10) which generates and ourpmtg2m3/pésusal ity of
reference 25 currents having current values different fromeach other; at
| east one reference current storage circuit WO 2004/ 003877

PCT/ JP2003/ 008153 116 (90) which fetches and hol ds each of the plurality
of reference currents and outputs a ptWrality of gradation reference
currents based on the respective reference currents; 5 at |east one
gradation current generation circuit (SWB) which selects any of the
respective @HakFdr iadn theefdriam esurandnto ion tdesbridamc ehe tdutgt nput  si gnal
and generate %ra,dati on currents; and a plurality of current storage
circuits (3GFTRHTETS-10 sequentially fetch and hol d the respective

gradation currents and sinultaneously output drive currents based on the
gradati on curre%tqs t%ﬂ%&%ﬁweo@p@ﬁratt@ AGeasine torthe current

drive apparat accordi.ng t.o 5 claim 25, erein the single reference
current ge%el;é;L |(‘)Cz(ri1)’ciW ceg:ietln( ¢ ST ?ééj%n[ﬂ%tﬁqlt ¥ igfcUlef er ence

Fef er nce. carreRee e thrae M S R B W R o her
accordance with an input signal.

22. The current drive apparatus according to
claim 1, wherein at least the plurality of the current
storage circuits and the output terminals are formed on

10 at least one semiconductor chip (CP).

23. The current drive apparatus according to
claim 22, wherein the single current generation circuit
is formed on a semiconductor chip different from the
aforesaid semiconductor chip.

15 24. The current drive apparatus according to
claim 22, wherein the single current generation circuit
is formed in the semiconductor chip.

25. A current drive apparatus which operates a
plurality of loads by applying a current thereto, the

20 current drive apparatus comprising:
a plurality of output terminals (Tout) to which
the loads are respectively connected; |
a single reference current generation circuit (10)
which generates and outputs a plurality of reference
25 currents having current values different from each

other;

at least one reference current storage circuit



20 27. The current drive apparatus according to claim26, wherein the
input signal is a digital signal having a plurality of bits, and current
val ues ofwoheowm3agyacti ve reference currents outputted fPcoanpPriigorsespective
reference 25 current generation sections (91) have wei ghtings
corresponding to respective bits of the digital signal. 28. The current
drive apparatus according to WO 2004/003877 PCT/JP2003/008153 117 claim
25, wherein the reference current storhfe circuit conprises a plurality of
reference current storage sections (91) which individually fetch the
respective reference currents outputted fromthe reference current 5
generation ci3Vuivsicihoietclots aayed dompbnertch oof riche spbmdi gty oo f he
respective reference currents and output the gradation reference currents
based on t hé ehGHR i SRR gt o & PIirathiccy wf estadhrt ven
apparatus according to 10 claim 28, each of the reference current storage
c!olrocui t Se&q%ﬁer?@l)c%rat%mq At hg arsiedhl Whikefersnea ri ¢ char ges

correspondig%u;ol%ﬂg,reference current are witten as the voltage
conponent . . e Current drive apparatus according to 15 cl aim 29,

Fi'el ot foct (ype Cranel oy SR o B GRTRT HET PR o flow

field effect type transis cause

between a squiies and & daidddengrlor ik the Sanac)d ance; &l gent has at

| east a parasitic
reference currents in accordance with an input signal

and generate gradation currents; and
a plurality of current storage circuits (30) which
10 sequentially fetch and hold the respective gradation
currents and simultaneously output drive currents based
on the gradation currents to the respective output
terminals.
26. The current drive apparatus according to
15 claim 25, wherein the single reference current
generation circuit (11) comprises a plurality of
reference current generation sections which generate
and output the respective reference currents and are
arranged in parallel to each other.
20 27. The current drive apparatus according to
claim 26, wherein the input signal is a digital signal
having a plurality of bits, and
current values of the respective reference
currents outputted from the respective reference
25 current generation sections (91) have weightings
corresponding to respective bits of the digital signal.

28. The current drive apparatus according to



20 capacitance between the source and a gate of the field effect type
transistor. 31. The current drive apparatus according to claim25, wherein
t he ref erwpceo40887@nt storage circuit conprises: a pai PCoIP2®B/Q0825 e
current storage circuit 25 portions (92) including a plurality of the
reference current storage sections which are arranged in parallel; and WO
2004/ 003877 PCT/JP2003/008153 118 a control portion which alternately
perfornms an operation to fetch the relérence current outputted from the
reference current generation circuit in one reference current storage
circuit portion and hold a 5 voltage conmponent corresponding to a current
val ue of tHelaigt etencdhangimrthe anef ereoperaifoent osoot Py ¢ hecugr adat i on
reference current based on a voltage conponent held in the other reference
current stordd®riisTw tPlhbraliohy ab Befemrce wwemndrsiverappar at us
according to c¢laim25 wherein the input signal is a digital signal
having a pl (iSSP ik Svhigh inel bonf kel e ettigre circuit
g p : .
(SVB) sel eg:tesfeaney oef t he re%pectlve radation reference 15 currents based
on a bit val'fe 9rEtHe THRAMS GHHPUHRE TiHe 8 @ R reri 4 oieltef er ence
curremts an%eg1 t es 141 qradatioon current. 33. The current drive
apparatus a cof%%]%%%o % Cgfl%%S%%ir‘éqlﬁntatgrﬁe CUHHRFHRDESE FAFE T reui t
CoOnMpriSeS  sponding to the respective reference currents and
output the gradation reference currents based on the
respective voltage components.
29. The current drive apparatus according to
10 claim 28, each of the reference current storage circuit
sections (91) has a capacitance element in which
electric charges corresponding to the reference current
are written as the voltage component.
30. The current drive apparatus according to
15 claim 29, wherein each of the reference current storage
circuilt sections (91) has a field effect type
transistor which causes the operating current to flow
between a source and a drain thereof, and
the capacitance element has at least a parasitic
20 capacitance between the source and a gate of the field
effect type transistor.
31. The current drive apparatus according to
claim 25, wherein the reference current storage circuit
comprises: a pair of reference current storage circuit
25 portions (92) including a plurality of the reference

current storage sections which are arranged in

parallel; and



20 a vol tage conponent hol di ng section which fetches the gradation current
outputted fromthe current generation circuit and holds a vol tage
conponentwoanes®peindi ng to a current val ue of the gradaCirammsnesesst . 34.
The current drive apparatus according to 25 claim 33, wherein the voltage
conponent hol di ng section has a capacitance elenent in which electric
charges corresponding to the gradation current are witten as WO

2004/ 003877 PCT/JP2003/ 008153 119 thel&oltage conponent. 35. The current
drive apparatus according to claim34, wherein the voltage conponent

hol ding section has a field effect type transistor which causes the 5
gradation current? @il Femiden atsiolry cd tanhat dnaiper idrerseein, and t he
capaci tance elenent has at |east a parasitic capacitance between the
source and ZP§ER&1oR (tee friteind thef redenepse cramsingt ontand tady dircage

bet ween the _source 10 and the te based on the gradation current is
witten in er@gﬁgépFﬁnEEIE] FENeIEL 1PRe Cddicliérht 1dr iope appar at us

according t claim 35, wherein the mohility of the field effect type
transi st or %§§e§e9§ﬁu§u5fe§F PEREE I8 K @Pﬁ%iQDQG@dC@@ﬁgsaor a larger

(ot or &nce curibnrestorzae et PRRRFRRGTRE e o shRurht oR G b te. the

ref erence curren circuait, ts, the

current 5tQ5%9§e%EE%%k%scﬁQQe5Qg AUPYUL, %%%@5%%%% %%eohgﬁﬁ%dt%g
gradation reference current based on a voltage
component held in the other reference current storage
circuit portion.

10 32. The current drive apparatus according to
claim 25, wherein the input signal is a digital signal
having a plurality of bits, and

the gradation current generation circuit (SWB)
selects any of the respective gradation reference

15 currents based on a bit value of the input signal, adds
the selected gradation reference currents and generates
the gradation current.

33. The current drive apparatus according to
claim 25, wherein the current storage circuit comprises

20 a voltage component holding section which fetches the
gradation current outputted from the current generation
circuit and holds a voltage component corresponding to
a current value of the gradation current.

34. The current drive apparatus according to

25 claim 33, wherein the voltage component holding section

has a capacitance element in which electric charges

corresponding to the gradation current are written as



20 at | east one sem conductor chip. 38. The current drive apparatus
according to claim37, wherein the reference current generation <circuits
are for meaoano420038m conductor chip different fromthe aConesms/dosis3

sem conductor chip. 25 39. The current drive apparatus according to claim
37, wherein the reference current generation circuit is formed in the

sem conduct or chip. W) 2004/003877 PCT/JP2003/008153 120 40. A drive

met hod of a current drive apparatus wWhi®h operates a plurality of |oads
connected to a plurality of output termnals by applying to a current
thereto, the drive nethod conprising the step of: 5 generating an operating
current havithg &Folpeegeceomponetitcurrent val ue by a single current
generation circuit and outputting it to a plurality of current storage
circuits; sequerti-al Tef SUERERG Sd VRoREPRG e @geradiimg to0 current into
the respective current storage circuits; and sinultaneously outputting a
drive curre aﬁﬁbéé'oWheFﬁénoggﬁaWPﬁ§a@ﬁrF@WPOﬁépﬁ e loiade §ecéarenst or age
circuit to the respective_output termnals., 15 41. The drive nethod of a
current drib@sa8p§g§§856%588%r§VR§ £6 28535 H0 WhdREr ERHSERe th€ep of hol di ng
t he per at i Lrent, i e.respectiye.current storage_circuits and the
step gf outggggggégﬁhguggfbg gﬁr?@ﬁw pgtWﬁgnrgsﬁggffﬁea83tBugrﬁépninals
are execut e@hE?’eof, and

the capacitance element has at least a parasitic
capacitance between the source and a gate of the field
effect type transistor and a voltage between the source
10 and the gate based on the gradation current is written
in the capacitance element.
36. The current drive apparatus according to
claim 35, wherein the mobility of the field effect type
transistor has a value of at least approximately
15 200 cm?/Vs or a larger value.
37. The current drive apparatus according to
claim 25, wherein the reference current storage
circult, the current generation circuits, the current
storage circuits and the output terminals are formed on
20 at least one semiconductor chip.
38. The current drive apparatus according to
claim 37, wherein the reference current generation
circuits are formed on a semiconductor chip different
from the aforesaid semiconductor chip.
25 39. The current drive apparatus according to
claim 37, wherein the reference current generation

circuit is formed in the semiconductor chip.



20 parallel. 42. The drive nethod of a current drive apparatus according
to claim40, wherein the step of outputting the operating current to a

pl ur al i t ywof20e4m@3g7arrent storage circuits conprises: 2Ppca/Jgrepoaisy et chi ng
and hol ding a voltage conponent corresponding to a current value of the
operating current outputted fromthe current generation circuit WO

2004/ 003877 PCT/JP2003/008153 121 to a single input current storage
circuit; and a step of supplying a cur¥2ht based on the voltage conponent
held in the input current storage circuit to a plurality of the current
storage circuits. 5 43. A drive nethod of a current drive apparatus which
operates a plur &0ty fofdnismdsuaddrorectied taiarerd! utalvid yappfaraithput termnal s
in a predeternmined drive state, the drive nethod conprising the step of:
generating a%d CSupmeyiats sa apinda iyt wiof dicedenconrk@ioagd rentss set in such
a manner that current values have weightings different fromeach other by
a single r&rE Yo ¢ RN dredimigitls fhiapp keehitey sasthiisindi ng t he
respective r, nce  .curyents he reference current storage circuit and

fer by .t
15 out put ti rchglege Cur &1 rd‘fvegr“%zﬁqdor?oin@fréﬁe‘ﬁ@e & i °fsased on the
ti f . ts; | t. f_ the . ti dat i
respegtive refer %%eelcal{rlrngaa}nco e%_eatccnllrgﬂ Ci_an Om_sikbaﬁ respective gradation

reference currents 1n acc 12119 &hd generating a
gradation cywil@Bkber@bed current value by a single current
generation circuit and outputting it to a plurality of
current storage circuits;
sequentially fetching and holding the operating

10 current into the respective current storage circuits;

and

simultaneously outputting a drive current based on
the operating current held in the current storage
circuit to the respective output terminals.

15 41. The drive method of a current drive apparatus
according to claim 40, wherein the step of holding the
operating current in the respective current storage
circuits and the step of outputting the drive current
to the respective output terminals are executed in

20 parallel.

42. The drive method of a current drive apparatus
according to claim 40, wherein the step of outputting
the operating current to a plurality of the current
storage circuits comprises:

25 a step of fetching and holding a voltage component
corresponding to a current value of the operating

current outputted from the current generation circuit



20 fetching and hol ding the gradation current and sinultaneously
outputting a drive current based on the gradation current to the

respect i Weoaoe4wss7wer m nal s. 44. The drive nmethod of a eGTre03/desise
apparatus according to claim43, wherein the reference current 25 storage
circuit conprises a pair of reference current storage circuit portion
arranged in parallel, the step of outputting the gradation reference WO
2004/ 003877 PCT/ JP2003/ 008153 122 curk&iht conprises: a step of fetching
the reference current outputted fromthe reference current generation
circuit and hol ding a voltage conponent corresponding to a current val ue
of the refetenéesémdlentinpmtogarsendf eteregecurirenti tst amage circuit

portion; and a step of outputting the gradation reference current based on
the vol tage conpénéierhélfd suprlhenst ke rcurafesyte fes e iy érite stodrtagee ci rcui t
portion in the other reference_ current stor?gg circuit portion in

paral | el ; 16°TREREREp PELhdRdithE LREUFoICagENCompoRaste aidcuié totep of
outputting the ra a%ion reference current are .executed in parallel. 45 A
di spl ay appsrgéﬁg %ﬁ|8h°§ug B ESTE G P& OTedFr &t CHddSrding to a displ ay
e 2o B0, S B R LB ol potns Pl oS e
Do P pAEPURANa.) eSS andd ot Ry G5
plurality of output terminals in a predetermined drive
state, the drive method comprising the step of:
generating and supplying a plurality of reference
10 currents set in such a manner that current wvalues have
welightings different from each other by a single
reference current generation circuit;
fetching and holding the respective reference
currents by the reference current storage circuit and
15 outputting a plurality of gradation reference currents
based on the respective reference currents;
selecting any of the respéctive gradation
reference currents in accordance with an input signal
and generating a gradation current; and
20 fetching and holding the gradation current and
simultaneously outputting a drive current based on the
gradation current to the respective output terminals.
44. The drive method of a current drive apparatus
according to claim 43, wherein the reference current
25 storage circuit comprises a pair of reference current

storage circuit portion arranged in parallel,

the step of outputting the gradation reference



20 direction and the plurality of display pixels (DC, CEL) which is
arranged in the vicinity of an intersection of the respective scanning

| i nes andwei2gnlo3$7iTnes and has an optical el enent (CELPCTAPIIOgNEISri ve
circuit (130) conmprising: a single 25 current generation circuit (10)

whi ch generates and outputs an operating current having a current val ue
based on the display signal; and a plurality of current WO 2004/ 003877

PCT/ JP2003/ 008153 123 storage circui tl£230) which are provided in
accordance wth the respective signal-lines, sequentially fetch the
operating current outputted fromthe current generation circuit and

si nul t aneouShyrentpgempha sgeiive 5tenr pénifebabédgomheheedperatieng current to
a plurality of the signal lines; and a scanning drive circuit (120) which
out puts to CBARERNST CRkRUStealfirey shet Kefesanaengurirpas aesezatiioyg si gnal
used to sequentially select .the display pixel 10 connected to the scanning
line. 46. Thétgrs Ié?dabﬁipépgsaage F8PRgCOBPENaNin £5rrefRePEiLRgt he current

st orage cir%git %30% co ri.ses % ol t age congonent hgldin section which
fetches the Coperatr iy cUfrafit © uFéﬁth S PBM°t AETEGFFerf §BReration 15

[ £t d t rr onding to current val ue of
The operat hg surpan: Coy 28R By S L B A0ty arflg St 6 6Pai m 46,

wher ei n theoYobEEEﬁtﬁgﬂﬂoﬂﬁ@tg?ghﬁkﬁgns?g%gggngélkuggﬁntabggeépEkance
el ement (C31) in which électric charges
the voltage component held in the other reference
current storage circuit portion in the other reference
current storage circuit portion in parallel;

10 the step of holding the voltage component and the
step of outputting the gradation reference current are
executed in parallel.

45. A display apparatus which supplies a drive
current according to a display signal to each of

15 display pixels of a display panel, and displays image
information, the display apparatus comprising:

a display panel (110) having a plurality of
scanning lines (SL) arranged in a row direction, a
plurality of signal lines (DL) arranged in a column

20 direction and the plurality of display pixels (DC, OEL)
which is arranged in the vicinity of an intersection of
the respective scanning lines and signal lines and has
an optical element (OEL);

a signal drive circuit (130) comprising: a single

25 current generation circuit (10) which generates and
outputs an operating current having a current value

based on the display signal; and a plurality of current



20 corresponding to the operating current are witten as the voltage
conponent. 48. The di splay apparatus according to claim46, wherein the
vol t age cwoponknssiol di ng section (31) has a field effectirPypaoessnsi stor
(M32) which causes the 25 operating current to flow between a source and a
drain thereof, and the capacitance el enent has at |east a parasitic WO
2004/ 003877 PCT/JP2003/008153 124 capaci tance between the source and a
gate of the field effect type transi ¥, and a vol tage between the
source and the gate based on the operatlng current is witten in the
capaci tance elenent. 5 49. The dIS apparatus according to claim48,

wher ei n the5ﬁ65ﬁ9?t91§ﬁuﬂﬁé (38l d Breypeoviidgdsilst acchaslaacgal ue of at

| east apprOXIﬁE g 200 cn?/ Vs or a Iarger val ue. 50. The display apparatus
accordi ng t§+&Pa ﬁﬁ4§e5PfGté¥€hSéﬂnﬁﬁeléﬁ?ﬁenﬁegpﬁpégéléwr§@¢F§ in the
si gnal drlgEFCIrCUI rlses curre%hﬁstora e sections (3la,

b)  arranged®Fn°B&rait gﬁae§tc8HEP8Ft69rFF8W' cRUZER8Enat el y execut es
AR oo S e S

generati on Preurt TR oné

vol tage conpgnenh Sackaspandkng gtgrtaﬁﬁwr%ﬂ&r\é%lw%oofa bﬁ%r‘aﬂ‘i“&“ ng

current, an operat|on to ou rrve curren
of the signal lines; and

a scanning drive circuit (120) which outputs to
each of the plurality of the scanning lines a scanning
signal used to sequentially select the display pixel

10 connected to the scanning line.
46. The display apparatus according to claim 45,
wherein the current storage circuit (30) comprises a
voltage component holding section which fetches the
operating current outputted from the current generation
15 circuit and holds a voltage component corresponding to
a current value of the operating current.
47. The display apparatus according to claim 46,
wherein the voltage component holding section (31) has
a capacitance element (C31) in which electric charges
20 corresponding to the operating current are written as
the voltage component.
48. The display apparatus according to claim 46,
wherein the voltage component holding section (31) has
a field effect type transistor (M32) which causes the
25 operating current to flow between a source and a drain
thereof, and

the capacitance element has at least a parasitic



20 based on the voltage conponent held in the other current storage
section in parallel. 51. The display apparatus according to claim 45,
wher ei n esohoefoosdre current storage circuits in the si @ealJreiodve183 rcuit
conprises: current storage 25 sections (32a, b) on a front stage and a rear
stage arranged in series; and a control portion which executes an
operation to WD 2004/ 003877 PCT/JP2003/008153 125 fetch the operating
current outputted fromthe current gekhetation circuit in the current
storage section on the front stage, hold a voltage conponent correspondi ng
to a current value of the operating current and supply 5 a current based on
t he vol t age cedmsdiianca dativwegurhtentsoustay agel secddton @h thee fiedrd st age,
and an operation to fetch the current supplied fromthe current storage
section on tHESGOofyRe dd@nsialive cwndert tldrasise baefevtdrortion t he rear
stage, hold a voltage onent 10 according to a current value of the

current and SOUHGR a%{%&%tr%'pi%ecm PBaddtf apatnd Wyl e 8nPdhent in
g?r al : eld. _ 5@.}:&_}[&%&%@% aczég)%rcgtt%s aCC(?eri ng to claim45, wherei n t he_
gnal driv t i S €I Aput current storage circuit
(10) getveen Lo oAl SRS an e Lone e argl iy L the
the operatifg ULy 5 %tbqlititt%/d Jf AN ha Gy T &K ge q:%}paet on
transistor has a value of at least approximately
200 cm?/Vs or a larger value.
50. The display apparatus according to claim 45,
10 each of the current storage circuits in the signal
drive circuit comprises:
a palr of current storage sections (31la, b)
arranged in parallel; and
a control portion which alternately executes an
15 operation to fetch the operating current outputted from
the current generation circuit in one of the current
storage sections and hold a voltage component
corresponding to a current value of the operating
current, and an operation to output the drive current
20 based on the voltage component held in the other
current storade section in parallel.
51. The display apparatus according to claim 45,
wherein each of the current storage circuits in the
signal drive circuit comprises: current storage
25 sections (32a, b) on a front stage and a rear stage
arranged in series; and

a control portion which executes an operation to



20 circuit, holds a voltage conponent corresponding to a current val ue of
the operating current and supplies a current based on the voltage
conponentwDaotd®3girural ity of the current storage circ®CTaP23008The

di spl ay apparatus according to claim52, 25 wherein the input current
storage circuit (70) has a capacitance elenent in which electric charge
corre- sponding to the operating current are witten as the WO 2004/ 003877
PCT/ JP2003/ 008153 126 voltage conponedit. 54. The di spl ay apparatus
according to claim52, wherein the signal drive circuit further conprises
a pulse wdth control circuit (65) which is provided 5 between the
plurality offetigd &lyer epersitdnggeuginesti tatpand achd nourtdle toprafentthe si gnal
lines and controls a pulse width of the drive current. 55. The display
appar at us a&@aﬁa@ﬁ@%%lr&%%m tﬁlﬁecymr%twsd:towa@mae@tlanr@mt (65)

controls a S width o e drive current in accordance with an input
si gnal . I%%ﬁ %& ?%I ﬁa&ﬁpa&’ﬁhg's 33 VO Gi9Ry COFPONEITh AR T OFpenéiindat | east

t he pIurall of the current star circyiits and th utput termnals in
the signal t&‘?é. ve Y5 tEcdi u&rg% %‘%ﬁe(?p(?ﬁ it”ﬁ e§é1tr dtor chip

(CP) . 527 The isplay annar ahugracqonding Lo.6) ent5g%§here'“ the current

generatlon circult rrve circu
sem conduct @i o¢hAlR section on the rear stage, and an operation to

fetch the current supplied from the current storage
section on the front stage in the current storage
section on the rear stage, hold a voltage component
10 according to a current value of the current and output
the drive current based on the voltage component in
parallel.
52. The display apparatus according to claim 45,
wherein the signal drive circuit comprises a single
15 input current storage circuit (70) between the current
generation circuit and the plurality of the current
storage circuits, and
the input current storage circuit fetches the
operating current outputted from the current generation
20 circuit, holds a voltage component corresponding to a
current value of the operating current and supplies a
current based on the voltage component to the plurality
of the current storage circuits.
53. The display apparatus according to claim 52,
25 wherein the input current storage circuit (70) has a
capacitance element in which electric charge corre-

sponding to the operating current are written as the



20 different fromthe aforesaid sem conductor chip. 58. The display
apparatus according to claim56, wherein the current generation c

t he si gnawo 2de4/0p887Ci r cui t

di spl ay apparatus according to claim45, 25 wherein the signal dr

circuit is
conpri si ng
2004/ 003877
has a struc

configured to include a plurality of sem conductor ch

ircuit

is formed in the sem conduct oPCERIPR03/B@B153The

ive
ps

at least the current storage circuits and the output WO
PCT/ JP2003/ 008153 127 téffinals, and the signal drive circuit

ture stratified in such a manner the output term nals

of the

sem conductor chip are sequentially connected to input 5 termnals of a
plurality ofolhagsempupndaster chips positioned on a next stage.
di spl ay apparatus according to claim45, wherein the optical element in
the display pixeft- i RBPuBésSPAayi gaPa&ERLLSI AGCerdiBat tLPOELRim16261.

di spl ay appar at us accordln

i ncl udes anwgﬁﬁﬁﬁpc @Ié&gPéﬂuﬁFﬁE?céﬁFCBP§n§HFth6? CQ@HF%EPéyaapp

whi ch suppl
di spl ay pix
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15
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25

a dri

60. The

The

to claim®60, wherein the optical elenent

ar at us

in

ci'sp eflsd Mhatfpruf el %sﬁ‘%ﬁﬁaﬁ 1823 ubah Bt abs Eae%tf’oﬁaf[‘hZT_”
| splay apPaLaLUs,C ggg)b%ngh% bepiay panel (1 ggrgggpggg;;ggtﬁa plurality

arrange
Qﬁ&aEHsdpiﬂrélﬁebUH? the signal lines and controls a

pulse width of the drive current.

55. The display apparatus according to claim 54,
the pulse width control circuit (65) controls a pulse
width of the drive current in accordance with an input
signal.

56. The display apparatus according to claim 45,
wherein at least the plurality of the current storage
circuits and the output terminals in the signal drive
circuit are formed on at least one semiconductor chip
(CP).

57. The display apparatus according to claim 56,
wherein the current generation circuit in the signal
drive circuit is formed on a semiconductor chip
different from the aforesaid semiconductor chip.

58. The display apparatus according to claim 56,
wherein the current generation circuit in the signal
drive circuit is formed in the semiconductor chip.

59. The display apparatus according to claim 45,
wherein the signal drive circuit is configured to
include a plurality of semiconductor chips comprising

at least the current storage circuits and the output

y of signa



20 direction; and the plurality of display pixels (DC, CEL) which are
arranged in the vicinity of intersections of the respective scanning |ines
and si g 20041@387and have optical elenents (OEL); a si @oalypzhodN@1sd rcuit
(130) conprising: a single 25 reference current generation circuit (10)

whi ch generates and outputs a plurality of reference currents having
current values different fromeach other; at WO 2004/ 003877

PCT/ JP2003/ 008153 128 | east one referlehce current storage circuit (90)
which fetches and holds the respective reference currents and outputs a
plurality of gradation reference currents based on the respective

ref erence clierBanglsat andast 5 one gradation current generation circuit
(SWB) which selects any of the respective gradation reference currents in
accordance with the §ilgprdy ilgfalcigrditydrer & s&raFusi® put s gradati on

currents; ang a .%LuraLity oL.current storage circuits (30) which are 10
provi ded i nShEebrdafte Wi BHCEhE PEEPEL: ithe SuGRME termddalseqdertdieal |y

fetch and haol d.the .gradati on currents out, ted fromthe gradation current
generation &rr ﬁPPdgE%Bf gﬁ&psﬁﬁﬁlFEﬁgﬁ P%ﬁ gtﬁﬁpne&Fﬁget urPEMtts based on
t he adat i : t st l, i of t signal. Lines;: and a
scanang d:?%éﬁg%%ggi?f(%zgfﬁ%ﬁ?é#&ggkgé S Fg%gfﬁé%P gﬁgtfilgsscanning

lines a scaggg@gighgaabnugeﬁekg steguentially select the display pixels
connected to the scanning lines.

60. The display apparatus according to claim 45,
wherein the optical element in the display pixel
includes a light emitting element (OEL).

10 61l. The display apparatus according to claim 60,
wherein the optical element includes an organic
electroluminescent element.

62. A display apparatus which supplies a drive
current according to a display signal to each of

15 display pixels of a display panel, and displays image
information, the display apparatus comprising:

a display panel (110) comprising: a plurality of
scanning lines (SL) arranged in a row direction; a
plurality of signal lines (DL) arranged in a column

20 direction; and the plurality of display pixels (DC,
OEL) which are arranged in the vicinity of
intersections of the respective scanning lines and
signal lines and have optical elements (OEL);

a signal drive circuit (130) comprising: a single

25 reference current generation circuit (10) which
generates and outputs a plurality of reference currents

having current values different from each other; at



20 63. The display apparatus according to claim62, wherein the reference
current generation circuit (10) conprises a plurality of reference current
gener at i owoO 28eiodgIns (11) which generate and out put thePCEFIPROBNSES3
reference currents and are arranged in parallel. 25 64. The display
apparatus according to claim®63, wherein the display signal is a digital
signal having a plurality of bits, and WO 2004/ 003877 PCT/ JP2003/ 008153
129 current values of the respective red®rence currents outputted fromthe
respective reference current generation section (11) have wei ghtings
corresponding to respective bits of the digital signal. 5 65. The display
appar at us acdeasdi wiet gedlegiondd? Curmtelsrtqmedlcgmcalﬁm @Al wvrsich digit al
signal having a plurality of bits, and the gradation current generation

circuit (SVBEtChSiSeand ey dst Hhse Heshissdtiviee refedanicon queferdiic @ndlo
currents based on a bit value of the djsplay signal, adds the sel ected
gradati on r@PgPHﬁ eacéﬂﬁgﬁ@§% Yaird %ﬁﬂﬁﬁ%ﬁ%& ISRt U ent . 66.

The dlsplay ratu according.to claim62 wher ei n tgﬁ%reference current

storage Ci r e (é)(?) GRS e*1 < & ﬁrrenéffe rcéjfr&eé)rjfcse r&RS st or age
Ci rcuizt por}nur a%%%@dﬂ]éa} eﬂ¥¥¥%13ﬂ1é¥i 'eléﬁﬂﬂcﬁﬁﬁgg of which

includes a p nce current orag and a

control por%@@%c@%‘%Rqﬁb%e&ﬂ%;%@%ﬁ@g%ygéadyédatlon reference

currents in accordance with the display signal and
generates and outputs gradation currents; and a
plurality of current storage circuits (30) which are
10° provided in accordance with the respective signal
lines, sequentially fetch and hold the gradation
currents outputted from the gradation current
generation circuit (SWB) and simultaneously output
drive currents based on the gradation currents to a
15 plurality of the signal lines; and
a scanning drive circuit (120) which outputs to
the respective scanning lines a scanning signal used to
sequentially select the display pixels connected to the
scanning lines.

20 63. The display apparatus according to claim 62,
wherein the reference current generation circuit (10)
comprises a plurality of reference current generation
sections (11) which generate and output the respective
reference currents and are arranged in parallel.

25 64. The display apparatus according to claim 63,
wherein the display signal is a digital signal having a

plurality of bits, and



20 operation to fetch the reference currents outputted fromthe reference
current generation circuits in one of the reference current storage
circuit pwotzwew®3sind hold voltage conponents correspon@dCaRgPr2o3/oesisEent
values of the reference currents and an operation to output 25 the
gradation reference currents based on the voltage conponent held in the
other reference current storage circuit portion in parallel. WO

2004/ 003877 PCT/ JP2003/ 008153 130 67.1%fhe display apparatus according to
claim62, wherein the current storage circuit conprises a voltage
conponent hol di ng section which fetches the gradation currents outputted
fromthe current GFEFEH iR WES @i tthes r@fpasdlige v fepaaonponent s
corresponding to current values of the gradation currents. 68. The display

appar at us aClSFEMNS CHEtRIb oM Ece it SPRE LidIet &5 S&6MF6nent hol di ng
ti h it el N i.ch_electri, h 10
corr eapond: FITEE Mg SEEA ity SEGH e rid WAVEL 66 THa ot di pl ay
t i { i 68 i th t t | di
260t on has Cet Ao T e e H i O A e And 6haat | ng.
curregt to flowgaet We %lis.sﬁﬁgggf agggr%t rsa!ar&ctor}%lri% . to ]cﬁaﬁgr? 6t2he

capaci tance el ement has at parasitic capacitanceé betweén the

source and gn@#@nofnldheri @h186t Hignhiiehd bYR8 Likansisalh1 aadiavql tage
between the source and the gate based on the operating current
plurality of bits, and
the gradation current generation circuit (SWB)
selects any of the respective gradation reference

10 currents based on a bit value of the display signal,
adds the selected gradation reference currents, and
generates the gradation currents.

66. The display apparatus according to claim 62,
wherein the reference current storage circuit (90)

15 comprises: a pair of reference current storage circuit
portions (92) which are arranged in parallel and each
of which includes a plurality of the reference current
storage sections; and

a control portion which alternately execute an

20 operation to fetch the reference currents outputted
from the reference current generation circuits in one
of the reference current storage circuit portions and
hold voltage components corresponding to current values
of the reference currents and an operation to output

25 the gradation reference currents based on the voltage
component held in the other reference current storage

circuit portion in parallel.



20 is witten in the capacitance elenent. 70. The display apparatus
according to claim69, wherein the nobility of the field effect type
transi st owohasr/@3sral ue of at | east approximately 200 cnPCYEPZI03/a08153 ger
value. 25 71. The display apparatus according to claim62, wherein at

| east the reference current storage circuit, the current generation
circuit, the plurality of WO 2004/003877 PCT/JP2003/008153 131 current
storage circuits and the output termindal® in the signal drive circuit are
formed on at | east one sem conductor chip. 72. The display apparatus
according to claim71, 5 wherein the reference current generation circuit
in the signal @ri-ve Téier cliispliey fppredtos acsemidiomduct erladhi ©2,di f f er ent
fromthe aforesaid sem conductor chip. 73. The display apparatus according
to clai m 72VhegRépeithet KErrensr 6O ag8r CaFCUgénsoapirdses rcwiol tiaget he 10
signal drive circuit is formed in the sem conductor chip. 74. The display

appar at us aCeBPAPRG Y SOCCdPH 62C T 1RRe B e tehgsalthar iovadeition t is
confl gur od Loz Hhelude. uRluali iy of sem conductor s Lckuding, at 15
1 vescl 1 CUEha B89, Sk Wi REALL 20l Sueh B et ey (e out pu
values of the gradation currents.
68. The display apparatus according to claim 65,
wherein the voltage component holding section has a
capacitance element in which electric charges
10 corresponding to the operating current are written.
69. The display apparatus according to claim 68,
wherein the voltage component holding section has a
field effect type transistor which causes the operating
current to flow between a source and a drain thereof,
15 and
the capacitance element has at least a parasitic
capacitance between the source and a gate of the
electric field type transistor, and a voltage between
the source and the gate based on the operating current
20 is written in the capacitance element.
70. The display apparatus according to claim 69,
wherein the mobility of the field effect type
transistor has a value of at least approximately
200 cm?/Vs or a larger value.
25 71. The display apparatus according to claim 62,

wherein at least the reference current storage circuit,

the current generation circuit, the plurality of



20 input termnals of a plurality of the sem conductor chips positioned on
a next stage. 75. The display apparatus according to claim®62, wherein the
optical ewerzeewooss77t he di splay pixel includes a |ight egirtpeegoeisarent. 25
76. The display apparatus according to claim75, wherein the optical

el ement includes an organic electrolum nescent el enent.

131

current storage circuits and the output terminals in
the signal drive circuit are formed on at least one
semiconductor chip.

72. The display apparatus according to claim 71,

5 wherein the reference current generation circuit in the
signal drive circuit is formed on a semiconductor chip
different from the aforesaid semiconductor chip.

73. The display apparatus according to claim 72,
wherein the reference current generation circuit in the

10 signal drive circuit is formed in the semiconductor
chip.

74. The display apparatus according to claim 62,
wherein the signal drive circuit is configured to
include a plurality of semiconductor chips including at

i5 least the current storing means and the output
terminals, and
the signal drive circuit has a structure
stratified in such a manner that the output terminals
of the semiconductor chip are sequentially connected to
20 input terminals of a plurality of the semiconductor
chips positioned on a next stage.

75. The display apparatus according to claim 62,
wherein the optical element in the display pixel
includes a light emitting element.

25 76. The display apparatus according to claim 75,
wherein the optical element includes an organic

electroluminescent element.



