24 AUG 2006 *166166* D ES CRI1 P T 1 ON CURRENT DRI VE CI RCU T AND
DRI VE METHOD THEREOF, AND ELECTROLUM NESCENT DI SPLAY APPARATUS Rl Né& 2806
THE CIRCU T Technical Field The present invention relates to a current
drive apparatus, a drive nmethod of the current drive 10 apparatus, and a
di spl ay apparatus using the current drive apparatus, and W

rticularly
to a current drive apparatus including da structure to ope JﬁWE@WHMWM?Iity

of | oads by applying a predeterm ned current thereto, a dri
thereof, and a display 15 apparatus which displays desired i natésies*

information in a display panelp by sust g 1t e Tcur remt dri ve appar at us.
Background Art Conventionally, Lhere is known a |ight emtting el enent
type display including a display panel in which 20 a plurality of organic
el ect r ol um nescencgyreENTe MRI VEWUIRTUWT IANDe DRef/er MedHbD asekmogani ¢ EL

el enents" her ei ng{NEIELECTROIGMING SSENT DalsSPrAvVe sCPABRATESe8ONS (whi ch
wll be Feferred tTHRSCIRAQUIrIgani ¢ EL el enents” hereinafter), or

sel f-lum nous type light emtting 25 elenents (optical elenents) such as

light emtting diodes are arrang i.n a matr.i orm As conpared with a
liquid crystal display (LCD) whic e%@ﬁﬁ%‘gbly spread in recent

years, such a The present invention relates to a current drive

apparatus, a drive method of the current drive
10 apparatus, and a display apparatus using the current
drive apparatus, and more particularly to a current
drive apparatus including a structure to operate a
plurality of loads by applying a predetermined current
thereto, a drive method thereof, and a display |
15 apparatus which displays desired image information in a
display panel by using the current drive apparatus.
Background Art
Conventionally, Lthere is known a light emitting
element type display including a display panel in which
20 a plurality of organic electroluminescence elements
(which will be referréd 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
25 elements (optical elements) such as light emitting
diodes are arranged in a matrix form.
As compared with a ligquid crystal display (LCD)
which has considerably spread in recent years, such a

light emitting element type display has a higher

AR
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light emtting el enment type display has a higher *@0002* 2 4 AUG 2006 2
di spl ay response speed and no field angl e dependency, an increase, iAUG 2006
contrast, realization of high definition of a display inage quality and a
reduction in power consunption are possible. Further, a reduction in 5

t hi ckness and wei ght of one layer is possible since it does not require a
back light as different fromthe IliquidZrystal display. Thus, it has a
very excellent characteristic, so that the light emtting el ement type

di spl ay has been studi ed and devel oped vigorously as a 10 display of the
next gener ati odisfBuch regbaEasmanerald ywd dldldesna 1@l spbayidpasgl, in

whi ch display pixels including light emtting elenents are arranged in the
vicinity of respeuiénanse ritrergudtigf, swwidizegilomes adgandedinmtaonow 15
direction and data |ines arranged in a colum direction, a data driver

whi ch gener at eaf & pHeekasy -1n dfe dIili iy and @ntr%@@rl@inngnt podespl ay dat a
and supplies it to each display elenent through the data lines, and a
scanni ng dri veFORFHEH Q<€ cﬁ%spﬁlé%)'ezo E‘%éql%erl'n aarﬁﬁjél&étlépnilﬁed row to

I b th deter-
S e b L G e R A
to performtheyldgoeiddiie LAHAL AYRY LY diRRdeher BLpRd RL! ght ness

gradati on
liquid 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



25 according to the display data by using the drive current supglied to
each display pixel, desired image information is displayed in €#eAldfi Sffay
panel. A 2 4 AUG 2006 3 concrete exanple of the light emtting el enent
type display will be described in detail in conjunction with a

| at er - descri bed enbodi ment. Here, in the display drive operation in the 5
di splay, there are known a current specif3cation type drive node which
sequentially repeats in accordance wth each row for one screen the
operation which generates drive currents having individual current val ues
accordi ng to tdenalied axkaatlae Wit thediegit temia titgpleledlenty tgbedi spl ay

pi xel s, sinultaneously supplies the currents to the display pixels in a
speci fic row debleausds t fee |defvrided tingledladiernin condaoktdosplvagh pi xe
to emts the light wwth a predeterm ned brightness gradation, and a pul se
wi dt h modul at | dntateF dRagr R[sk Aadinaide whi ch sequential ly repeats for
one screen the operation Mhi%? sup Iies(ﬂgﬁve currents having a fixed
current val ue with F§f vilduatg i FeePAa Wi Y& i ReHa Tl YY) técording to the
di splay data relative.,to a plurality of the display.p.xels to the 20

di spl ay %i xel séjisrPalaaygpetchlefrlec arroewa}(inr? & SAE its ﬁpfi(/fl%lﬁ&ait&&naﬁ&pce,auses
each light em 4t &@ﬁﬁf } : lJ iyt h . r Lhed
bri ght ness graé1 ait\f%ﬁ?d Int leégfe) Sgi{as%nati/l%gr]is)vg%%g\eéﬂrt;st ilglng ,C%tg %tgggrg!eve
currents havi ng i edeie B &b € Wi e MRN8 Lloge rhiti®d 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.



25 current value according to the display data nust be supplied to a
plurality of the display pixels in each row at the sane tine oR imagdixgst he
sanme display period. 2 4 AUG 2006 4 In order to cope with realization of
hi gh definition and a |large screen of a thin display device in recent
years, there is known a display having applied thereto a circuit
configuration which includes a plurality ©f 5 driver chips (sem conductor
chi ps) each having a predeterm ned nunber of output terminals as the
above- described data drivers, individually generates the drive currents
in the respectiveoxiiewero clupges vanth rsapipldzas drhe fdhive defieadtioho the
respective light 10 emtting elenents through a data line at the sane tine.
The di spl ay t canhi xhlarge aneendesicrd bedirdatispldni verviiosclindiregeatpl urality
of the driver chips is applied has the follow ng problens. The
conventional d&@&%riWREThaAE Mrrplaurdlsrlpy havéna perddiede thekepe
includes a circuit used to _individually generate a drive current in

accordance wi # FCEECH driRd SHF Lol IQGyees @ Pduiehityafé- ously
ly the driye.currents to the re ctive .light itti.ng elenents from
the 1o ? JdEifox éﬁﬁﬁ?ﬁf%ﬁ?%ﬁ?n&ﬁgior %ﬁiﬁé; 5350t PG /i nal s.

the respective driVver rough Tes I've ou

Therefore, whegrohdfeam atﬂm%r%ﬂ%ﬁgfc&ti@igwse@s \Ce%:eggﬁo%-the

drive currents outputted froma pluralit river _ _
irregul ariti esq@seribéd ddten |dwihte @y tiddigrishatia v igenRaGh «di gpkay pi xel

(brightness gradation of 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



25 light emtting elenent), and the display heterogeneity is produced.
Thus, irregularities in the drive currents nust be suppressed git&@ggmﬁs
possi bl e between 2 4 AUG 2006 the respective driver chips and be he
respective output termnals. However, in the field of a sem conduct or
manuf acture technique, there is known the fact that 5 irregularities are
necessarily generated in the el enent chagacteristic of function elenents
such as transistor elenents, resistance el enments or capacitance el enents
formed on the same sem conductor chip. Such irregularities in the el ement

characteristi Ctﬁé”rggpeégi{ié‘p@f§§§§dclt19%§OéTi?d dSOF RSeDYoné - e gp iyl Zi NG
manuf acturing processes, but they cannot be conpletely elimnated.

Further, thereohapubeesrniepgised the fact that irregularities in the
nunber of inpurity atonms in channels becone relatively actual with a
reduction in 15 desHgwernen| mim dheefisedd appii eemi cohdectsansi st or
elenments and irreqgularities are thereby generated in a threshold val ue or
the nobility. Whenétoterethecknigua, prhbtenis hown flse viBagt tWidtficult to
greatly inprove the irregularities in the 20 drive currents between the
out put té&rni nal§reguipEilieFeprennpeesagsbly dirneR 4R Hbovhe ddsmented
irregularities [n the elenent characteristic by usin only a techni que of

opti mi zi ng t heCRBRAFSETUFFRG Opr SRREEERN O5eMeREhet MOt S St itsiere is a

limt in the ngqgﬁénts, 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 been reported the fact
that irregularifies 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



of output term nals which can be set in one sem - conductor chip due to a
probl em of an increase in 2 4 AUG 2006 6 signal delay owing to,an in ase
inwiring length or to a reduction in production yield with anzﬁnﬁﬂ%g®§ in
t he nunber of elenents in one chip, the data driver nust be necessarily
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 beconme large, and it is very
difficult to suppress irregularities in the drive currents in the sane
driver 10 chi psidmde Selpy essimy tdhersaimheisedn e ity tehgtbhiops. As a
technique to correct irregularities in the drive currents in the driver

chi p, there istknowreductiehninues ahichi arddiitdlohalilth prmoindesagecdnr ent
setting 15 resistance in accordance with an output term nal.of each driver
chi p and i ndi vieRaP P e st enendsy skrarmiee ahdirue thie ©Krdac driewt setting
resistance. In this tecmﬂéggﬁ when t he nupber of the output termnals

provi ded to pH@u§5ﬁ%@cﬁ?ﬁ&ﬁ %Yi%?q§&9¥£ﬁﬂﬂfy YGLIAG Gs Pt et Yeléh
[ime: and cost bt TEE Gihice oot (11RG S04 TRUERS "o FPLE 276ont | gur ati on'
e o P THEEY e A en ) B0, 0%, A R L 8, e o=

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 éetting

15 resistance in accordance with an output terminal of
each driver chip and individually adjusts a resistance
value of the current setting resistance. 1In 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



termnals. Therefore, in order to suppress irregularities in 2 4 AUG 2006

7 the drive currents between the output termnals in the sane dRiivaug Qiosp
whil e al so suppressing irregularities between the driver chips, a
conplicated and | arge-scale <circuit configuration nust be added between
the 5 respective output termnals and between the respective driver chips.
Therefore, the data driver including the 7driver chips and thus the
apparatus scale of the display are increased, and there is a problemthat a
product cost is increased. 10 Moreover, as described above, in the display

In recent yeailse dfivwugirradld zattweroftidrddtgfutcteannasss @h gradation
display is demanded with realization of high definition in the display

i mage qual ity,sdane diigrer @mnig tWhnd eelednentsuippre sdiispl dy reludhriasgebeen
currently 15 devel oped has a problemthat it has not reached establishnent
of a techni quéateepineitia dEivamaihdgs ot mampsiigedledvaingh leagereakilze t he
sufficient gradation display when generating a drive current having an
anal og si gnal TopbrerfORrigH%R g tsh MsuEdtedsbgialeenhitbh becones

di splay data by digital -to-anal g converS|on Di scl osure of Invention A
current drive Hide 4 é%rﬁ% FrEs Aftweeny &hei sRSREStaNe

o mnars of MAVESY ﬂldasegwﬁ{ege' f%sre,%cﬂen S i3RI 0P Yhe
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




apparatus which operates by applying currents to a plurality of |oads, and
al so suppress irregularities 2 4 AUG 2006 8 between chi ps when %ﬂguﬁ%ﬁfm
drive apparatus constructed by a plurality of driver chips. Fur r, |
has an advantage to obtain the excellent display characteristic with
display irregularities being 5 suppressed in a display apparatus including
the current drive apparatus. To achieve ghis 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 ther edsweGPMNISE Mherd Aok tofd QWP peerfiaal s to which
the | oads are connected, respectively; a single current generation circuit

whi ch out put s @shgperatdd@cw rendiraliaw RE algivedeictripisned Foythent val ue;
and a plurality 15 of current storage circuits which are provided in
accordance wi tit gsch af adwerdiagqautta ebtiaial $he seqeddendl by spéagh and hol d
the operating current and  sinultaneously output drive currents based on
the operatingcharaiftr it ihevitdspiaplay sugpa iearifiiesl Heing The operating
current has a current value according to an input signal, the current

st orage i r cui TURRKGIRRS B & AUSRIS Yo SpeTatushdnGilig i per then kit eRtf et ches
the operating,current outputted fromthe current generation circuit and
hol ds a vol t age congonent? cotTesponding to 25 a current val ue of the

operating current, fgugéﬁ§%ve 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



vol t age conponent hol ding portion has a capacitance elenent in which an
electric charge corresponding to 2 4 AUG 2006 9 the operating gyrx@inbops
witten. Each of the current storage circuits preferably includes a palr
of current storage sections which are arranged in parallel and in which
an operation to fetch and hold the operating 5 current and an operation to
output the drive current based on the hedd operating current are
alternately 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 fieHehomndtholg dreckt dperatiti@ncur Earh ad thepphyrehe hel d
current to the current storage section on the rear stage and an operation
to fetch and hotarade csivppliited pmefreeratb land ncduidest at e idr ofecouresht based
on the held current are carried out in parallel. 15 The current drive
apparatus nmay $heragr sedfiignd whindu@reurraendedodag®agieddeilt apet Ween t he
current generatjon circuit and a plurality of the current storage

circuits, whi ¥t GRLRHFHAULG HetGherad BelduhentPsratitgpl i es a
t d the held 20 t.i t .t | lit f.th
current $tor ade T LU b R T dif v OuT GHEs Ve FHEERie our rent
| t th ] t Ut § t i_nal i-ncl ud i dth
Cont ol ci reui o aR i cant s KPRt R epr Er SR PRt E Cur ent
in accordance £prybd N i RMra8118] 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

10 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.

15 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

20 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

25 with an input signal.

Preferably, at least a plurality of the current

storage circuits and the output terminals in the



Preferably, at least a plurality of the current storage circuits and the
output termnals in the 2 4 AUG 2006 10 current drive apparat usp arggf googred
on at |east one sem conductor chip, and the current generation circuit is
formed on a sem conductor chip different fromthe former sem conductor
chip or fornmed in the fornmer 5 sem conductor chip. To achieve the
above-described aim according to a secdf®d current drive apparatus of the
present invention, there is provided a current drive apparatus which
operates a plurality of |oads by applying 10 currents thereto, conprising:
a plurality ofcomteut diirenardaratisvdnh fdmmddoat ate leasiteconed, respec-
tively; a single reference current generation circuit which generates and
outputs a plurggniserduetderdndy af ridr CUPRANTg Jeeretl opalcdEsudis f er ent
fromeach is other; at |east one reference current storage circuit which

fetches and hot®¥sI @ AT thes PHFAMIUGED Chidt didifed sodr f&Ris tR8d out put s
a plurality of _gradation. reference currents based on.the respective

ref erence curF(g‘Fﬂl%lf %elb}%?féé‘ﬁ’if’%fcw r%téogfé[}?éfdﬂ %ﬁ‘eci%rofﬂ‘ietrs 20 whi ch
sel ect apy of égﬁhégﬁﬁﬁ%%éfﬂ%ﬁg dation reference currents and generate a
gradation current Tn accordance "with an input signal; and a plurality of

current storage Cisguitsidh ChnSeaenllalddr filch and holdbdibg toespective
gradation currents and sinultaneously output 25 drive currents "based on the
gradation currgniscé@dtd@rrent 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
15 -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



respective output termnals. The reference current generation circuit can
include a plurality of reference 2 4 AUG 2006 11 current generatigg 2006
sections which generate and output the respective reference currents and
are arranged in parallel, the input signal is a digital signal having a
plurality of bits, and a current value of the reference 5 current outputted
fromeach of the reference current geneldtion 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

st orage secti onscmdnichyemadiati idualdect it o ethdlcht lyeneespecbndeonépetence
currents outputted from the reference current generation circuit, hold

vol tage conpdAEhtEesRAG eSOt ifyanee ranneniec tinde aref earsapeedciprent s and

out put the gradation reference currents based on the respective voltage
conmponents, aRPEACHof W CHPWuSERe yeiferatdion téilr 84PRe LsBRE¥ERY any of
the gradation fefg{.nce % rﬂgnts 0 Egutted f.rom.the frﬁ gective ref erence
current storade Setttohs’ based ‘ot iUNFA e Y En 8T § trgfaﬁﬁfl?eadds
the selegted &sz&g%ﬂ Bt tecfeed‘cfero%t”era%?% Ad e'}%rf%% ckhe,glagdation 20

current. The cur storage circul can include™a t'age conmponent

hol di ng. por t 1 oy ot detehasi dite caif aflald o IGHENLARYLREbHAING' o1 t he

current gener on circuit and holds a voltage conponent” corresponding to
a current val uga@f Bihe @f adad iy iGHT enlgnAand il 2% reekhagecgerpanent

hol di ng portion has a capacitance

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



el ement in which the an electric charge corresponding to the gradation
current is witten as the voltage 2 4 AUG 2006 12 conponent. According to
a display apparatus of the present invention, there is provi de2i{aAufi 266 ay
apparatus which supplies a drive current corresponding to a display 5
signal to each display pixel of a display panel including a plurality of

di splay pixels, conprising: a display pareel which includes a plurality of
di splay pixels having optical elenents which are arranged in the vicinity
of intersections of a plurality of 10 scanning lines arranged in a |line
direction and eompbtmtity of signal lines arranged in a row direction; a
signal drive circuit including any of a structure of the first current
drive apparatus whi Bhcondingeso aa sihgbka ¢ uapeat a genesAititon pigsant whi ch
generates and is outputs an operating current having a current val ue

based on the dispeayisehgneierants opiurddd ty dfswlay erfparsttosaghichr cuits
which are provided in accordance with the respective signal |ines,
sequential |y fEpRhlipe ad%%%%ﬁ|?Ef¥ﬁﬂ?eﬁﬂr¥ﬁﬁRﬂR4¥ﬁﬂfﬁQDWIFH@FGG%Went

generatipn 20 cnrcu t,and eousl out drive current based on
t he opergti ng Eh??% t ?oe%abngtlj’r EEX/%’f g équa\yné)gn &r a structure

of the second f{féi@@in?ré ﬁlﬁpﬁggener&ss a ncI udles a, SI | e reference

current generation CITcui Bu pdts X pI@kallty of

reference currgnts) havhnge CURK £ MAUESes 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



different fromeach other, at |east one reference current storage circuit
whi ch fetches and holds the 2 4 AUG 2006 13 respective reference currents
and outputs a plurality of gradation reference currents based pRp Auyte2006
respective reference currents, at |east one current generation circuit
whi ch selects any of the respective reference 5 currents and generates and
outputs a gradation current, and a plurakity of current storage circuits
which are provided in accordance with the respective signal |ines,
sequentially fetch and hold the gradation current outputted fromthe

current gener atd Qoo fdlide f bl QIRHANQUS 0 1t @1drbyergurrent
based on the gradation current to a plurality of the signal lines; and a

scanni ng driveo£igraddt Wi che Debgndes AurSeAYY Mhsedl @mlthesedspective
sequentially select the display pixels connected to the scanning |ines,
the optical elengstenae ISatdentd,spE @yl gastelonraviurgeant] iggite ratiivhi ng

el enment, and the optical elenent having an organic electro | um nescent
el enent . Addi t¢oreilbbjleictls sl cldy antiages Wfe tiespantdivel aiefewehkebe set
forth in the description which follows, and 20 in part will be obvious
from t hed descrfPETH S ARGeSRTIRF At e P HdE iac @ Tt FUERENEN. The

Toans. of the | TS rurERE T e b DI AR T SPPST0BF Rt 6 out
hereinafter. Zg’rgﬂ;i&gd %%é@éfcﬂh@g Ht%wtr}%s 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,



The acconpanyi ng draw ngs, which are incorporated in and constitute a part
of the specification, 2 4 AUG 2006 14 illustrate enbodi nents of 2t4hgus 2005
invention, and together wth the general description given above and the
detail ed description of the enbodi nents given below, serve to explain the
principles of the invention. 5 FIG 1 is a primary structural view show ng
a first enbodinent of a current drive appgaratus according to the present
invention; FIG 2 is a circuit structural view showing a concrete exanple
of a current generation circuit 10 applicable to the enbodinent; FIG 3 is
a circuit struCllustratievendainkhtes COtHetiaveniphe ahdatsyedabur e
consisting of a current storage circuit and a swtch circuit applicable to
the enbodi mentith st Genetfalantk st igrtel qoncepnuabovieewndstibei Nng a basi c
operation in the current storage circuit applicable to the enbodi nent;

FIG SA is a vieWrbiedrdesfninlian af rthd embeslimegtsa gdmencbglewwhen an
electric charge is accunulated in 20 a capacitance between a gate and a
source of a tTPENEE stUreXaEn dB's PGS RdwithG dRVE§EdoBrange in

| t f th ' . when th |l ectri h [ |lated in th
Capaci tance bet veent Hie bats Bt THEY SR ST ot 1He TR COr

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 is 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 1s a primary structural view showing a

second embodiment of a current drive apparatus



FIG 6 is a primary structural view showi ng a second enbodi nent of a

current drive apparatus 2 4 AUG 2006 is according to the present

invention; FIG 7 is a primary structural view showing a third ebddGnig

of a current drive apparatus according to the present invention; 5 FIG 8

is a primary structural view showing a fourth enbodi nent of a current

drive apparatus according to the presentisnvention; FIG 9 is a primary

structural view showing a fifth enbodiment of a current drive apparatus

according 10 to the present invention; FIG 10 is a primary structural

vi ew showi ng aac&éxdingenbwdiendraferst cinveidigh;i ve apparatus according to

the present invention; FIG 11 is a primary structural view showing a 15

sevent h enbodi ment BIGa Cuis emtpdinaey apparctwsal acicor dihgvitrgy tehe present

invention; FIG 12 is a primary structural view showing an eighth

enmbodi ment of ’éhi:mr@mo&mﬁmet app e atwrrende cbridien gpre naigtspreeserding

invention; 20 FIG_ 13 is a primary structural view showing a ninth

enbodi ment of 8O cth¢ eneRt Vel MR s according to the present

invention, FIG 14 i-“ a schematic, structural view show ng an exanple of an
o 3 ot

entire structure of pt 2y? dppHPRHE (1sS P2 HERY di Y (e D rResent

I nvention; fourth embodiment of a current drive apparatus
according to the present invention;

FIG. 9 1is 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



FIG 15 is a block diagram showing a primary
scanning driver and a 2 4 AUG 2006 16 display panel
apparatus according to the enbodi nent;

vi ew show ng

di spl ay apparatus according to the present invention; FIG 17 is a circuit

configuration view show ng an exanple ofica basic structure of a pixel

drive circuit

present invention;

anot her exanple of a scanning driver applied to the 5

applicable to the display apparatus according to the

anot her exanpl e of tHe 1 Sp & SSHSHEIG HEVGtHindg vdeWhehpragent

i nvention. Best de for rrygn% Qut the I%éention Zg,A curreﬂt drive
appar atus, a dtieGretHEFR frerPéof, i r

adt Hife ot _ : b2 cf
w1 o be asSetr o0 Hrser S R e ko rhaReBt ER e YR Vo

SCARPIRUPSHVEY aPBar&fusetb

drive apparatus andeg; drive 2% rthed f Reyaaiquiild; Jie 48Rc chBRInY LA

reference to the

10

15

20

example of a basic structure of a pixel drive circuit
applicable to the display apparatus according to the
present invention;

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
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
A current drive apparatus, a drive method thereof,

and a display apparatus to which the current drive

- apparatus 1is applied according to the present invention

25

will now be described based on illustrated embodiments.
First, a current drive apparatus and a drive
method thereof will be described with reference to the

accompanying drawings.

structure of a data driver,
applied to the display
FIG 16 is a schematic 3t4rayg a0g!

10 FIGS. 18A and 18B are conceptual views respectively
showi ng a basidisgperatdaorel mpie egi xel thdr idiepdieycapbaappliscabl e to the
enmbodinment; FIG 19 is a timng chart showng a display timng of imge

i nformati on i RARE Hinshltay tasparkedd meddording 15 to the embodi ment; and
FIG 20 is a schematic bl ock diagram showing a prinmary structure of stil

fhi ch the

a



acconpanyi ng drawi ngs. 2 4 AUG 2006 17 <First Enbodi ment of Current Drive
Apparatus> FIG 1 is a primary structural view showng a first enbodi nent
of a current drive apparatus according to the present inventidh.AUS 2066
current drive apparatus according to the first enbodinent has a structure
to sequentially hold a current with a predeterm ned current val ue supplied
froma single current generation circuitlin a current storage circuit

provi ded in accordance with each output 10 term nal and thereafter

simul taneously output the currents to |oads (display elenents) through
each of the citigit E@bedimest af SHowentnDEL®e AppehatvsPrent drive
apparatus according to this enbodi nent conprises: a single is current

gener ati on circuitlﬁﬁh vihi ich 3 @FeMatds SRy Ctygrduid ednSBPYLRTi Ag current Ic

having a predeterm ned gcurrent .value used to,control a drive stage of each
| oad LD (di spléfsg: @Wg’m“)l n&t 8dHETEREN BTV aBPaFaFFFyaS‘F%%g’b%t

termnals Tougk)qj&p gg%Qig %QA whi ch sets a timng when supplying

i ft
t he operating current ¢ supp%%géqPron1the current generation circuit 10A

to each of 'ater'deﬁﬁiié&%&éﬂﬂ“&%ﬂ#es%%b%&%t%%&%&kb%diﬁ@é?gatﬂéUE?E%EY of

current storage circuits 30A which are provi in ac ance w th out put
term nals Toutembofineeauents al lsyrieteheand Babdehstaley hHeqoperating

current Ic supplied fromthe current generation circuit

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



10A with a predetermined timng based on the shift 2 4 AUG 2006 18
20A; and a plurality of switch circuits 40A which cogirol a

regi ster

supply state of the operating current |Ic fromthe current gen
circuit 10A to each of the current storage circuits 30A based

set 5 by

a switch changeover signal (shift output) SR outputte

shift register 20A with a predeter- mneti8timng. In FIG 1, al
| oads LD (display elenents) are illustrated in a case that they are

applied i
t her et o,

nasinple matrix type display panel, they 10 are not
and tregyi sty BORappinded pduraniagt bfeswatrchxciypeitssp

i ncluding such a pixel drive circuit as shown in FIG 17. Each
above structumdsial ldondawlbe steRdvesslfedescithbedpheptingf cerrents (Current
Generation Grcuit) FIG 2 is a.circuit structural view show ng
exanpl e of théxbd?¥@hFh§eﬁ@F§FP6ng@PFé&FﬂonaﬁﬁFFEéBIéoﬁotPhﬁéc%n%%dlnent

The current g ratlong&: uit 10A.subs ané % b é ene at es
operating curr QLR 78O 396 FeREUTSI g8 éﬁ? FRyRY
lurality of t er rive,.state nd, out
Pndivid&%l current %ﬁ%ﬁiggghgﬁ gﬁﬁ%s §gkg§gogshl§tsSaEEUt?ogcorr
each of a plUHlddut i@l (rhenl @als snllie 285GUREEND0GCNSER! L OPrEhs
constituted by, €.g., a control current "generation circu

10

15

20

25

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

Each of the above structures will now be
concretely described hereinafter.

(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 substantia
generates each operating current Ic having a curre
value required to drive each of a plurality of the
loads in a predetermined drive state, and outputs
individual current storage circuits 30A provided s
to correspond to each of a plurality of the loads.
current generation circuit 10A is constituted by,

a control current generation circuit 11 on a front

& tAU§ 2006

on a timng
d fromthe
t hough t he

restricted

0ay panel
of the

a_ concrete

each
eSeh of a

puts it to
espond to
£t 10A is

on a front
they

they

d to

a

lly

nt

it to
o as

The

e.g-,

stage and an output current generation circuit 12 on a



stage and an output current generation circuit 12 on a 2 4 AUG 2006 19
rear stage, as shown in FIG 2. The operating currents Ic generggeﬂ#pgmbhe
current generation circuit 10A may have current values differéent Trom
each other in accordance with a drive 5 stage of each |oad, or may have the
sanme current value wth respect to all the |oads. The detail wll be
described later. The current generation cgigcuit illustrated in this

enbodi ment is just an exanple applicable to the current 10 drive apparatus
according to the present invention, and it is not restricted to this

circuit configueati &hagd N ad hsowirbodi mrnt .2 as the current generation
circuit, a structure conprising the control current generation circuit 11

and the current mrfbe cpecaiinpoctiventi? Is dendddtest et ethe tirrenti s not
restricted thereto. For exanple, it may have a circuit configuration

consi sting of geneyathen cohtewlt clhk emy derter atimrendi nedides As shown in
FIG 2, in the control current generation circuit 11, as a unit circuit
(bit current 9df§ererhatfom gacuiahey rﬂeﬁ/iafﬁg:q;rc%ﬁmimtég@r idgdivgt i on
conprisipng: a resistapce R11 haying one end side connected to a

hi Sﬁ- potgnti al SB%%%rOEuﬁﬁ%/]\;«b%@f PHMRY A dilfolsane Cargiedtoradwgi ch wil |

B e P eRRe L R e T R e
connected to ag.ouipudq)nction NI of
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 R1l 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



the control current generation circuit 11 connected to 2 4 AUG 2006 20 the
out put current generation circuit 12 on the rear stage; and 2 jPagh@osel
field effect type transistor (which will be referred to as a "PMOS
transistor™ hereinafter) ML1 having a source connected to a base of 5 the
pnp transistor Q1, a drain connected to a set termnal Tset to which a
set signal SET is inputted and a gate caonected to an input termnal Tin
to which a digital input signal INL is inputted. The unit «circuits are
connected in paraltel for the nunber of 10 bits of the digital input
signals (in thtise esgslitreniy rerde snard i riMdilr 28 tgilvednag hieO raagase t hat
unit circuits Mto CT6 corresponding to digital input signals INL to | N6
of six bits arst@pyeoviaet)a Fhatanrssl fEmlid erffeaft tthypeprpansdrsiostors Q11 to
QL6 of the is respective unit circuits Mto CI6 are connected to the

out put juncti ofviNagh il Ebpriefatgachdre asr @ | i deansietPMS transi stors
M| to ML6 having sources _connected to the bases of the pnp transistors
Qll to Q16, d‘?%ﬁg?fsn%?ﬁ@c@@dl AR SetSABTR FRRIPSEedake 20bgaeest

ted to ipput_terninals Ti whi ch t.he digital input signals INL t
N6 are T nput {BIE PHEr & ATHE TR i nlie FNETE a8 arts & Getal si gnal's

Y0\ ommorERkaly Lo s lan £lualdna 0 s vipfRacgplr o -
which is  supphigghdrebedty idd Ust HalRe GMTiA=1P 4 @8 Whlilknaa
digital input signal INl1 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 CT1 to CT6 corresponding to digital input
signals INl to IN6 of six bits are provided). That is,
emitters of the pnp transistors Q11 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 Qll to
Q16, 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 INl1 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



timng according to a drive cycle and the like of the 2 4 AUG 2006 21

| oads. Such a control current generation circuit 11 generates ggphr@bs
currents having current values corresponding to current values of the
input signals IN to IN6 by setting the set signal SET to a 5

predeterm ned voltage |level and setting the input signals INL to I N6
havi ng the respective bits to a high Ileeel or a lowlevel, and outputs the
control currents to the output current generation circuit 12 on the rear
stage through the output junction NIl. 10 For exanple, as shown in FIG 2,
t he out put curoadd. gehattatd arordircduidurk2rits geonstHdttivhed ibyuat carrent
mrror circuit, and conprises: an npn type bipolar transistor (which wll
be referred togesemtes/igprnalamgistant's Aerwingafaueren@? Yahaesng a col | ect or
15 and a base connected to the output junction NIl of the control current
generation ci ref¥esPOnNGesiS i@ valymmadt ddehdpRién sagnedst t er of
the npn transistor @1 and a Iqmﬂfotential power. supply Vss; an npn

transistor Q@IhaA g G VoI dhifhedteditdsadn S&dt f6t terminal 20 Tcs
where an. out put_current. (operatin urrent C Vi n pr.edet er m ned
current %:onpor%%‘?éj?%e%%np%@t%o taa?%dclaevl?;sgncdor‘?ﬁg%tl@@gttg‘et ﬁQpB%t put junction
N11 of the <co nhat.j: hr.cuyi t - .and resi.stapc R22
connect ed bet m%e%ﬂalnggfn@te?geor o¥ t}ﬂate\}ln nct!tr{ealnyselsggetj)crtl 835%%8 ttahFe{(ish

| ow-potential pover sHRP! YowSievdier @nd R PHRUt HeUIdeRt-oh C cLig rggREr at ed by

the 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 Q21
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 Q22 and the low-potential power supply Vss.

Here, the output current Ic is generated by the

control current generation circuit 11, and has a



control current generation circuit 11, and has a 2 4 AUG 2006 22 current
val ue according to a predetermned current ratio stipulated by the current
mrror circuit structure with respect to a current val ue of téé AU d80B o
current inputted through the output junction 5 NII. In this enbodi nent, by
supplying the output current having the negative polarity to the current
storage circuit 30A (nanmely, by setting tire current flow direction of the
output current Ic in a direction of the |ow potential power supply Vss
fromthe output 10 term nal Tcs side), the current conponent flows down so

as to be pull eduifedt 0v&E6s i HPcOFAINE €3I1d Qfted QN iFHd O Gidegii t 10A from
the current storage circuit 30A side. In the current generation circuit

10A il lustratedatid sniphlstedbod tentcutientcurinerdr wilieiaf the control
current generated by the control current generation circuit 11 is set

| arger than thetructent whtherefpedic touw putrmant ertlugendr dhed by t he
current mrror circuit portion 12. The current value of the control val ue
is 20 reduced B9PERe! cTrFEMRE MnRoited rittieuBoriiopurut tnngtion

pr edet er gi ned io jn aorder to stipulate the current value of the out put
current Cthat &gi "t htn cﬁ?Jr%n"Eml?/cﬁﬂ'é Nty JReSHRP IR Yh & hoteltsi gnal

gener =t on ¢ Eikhedd B el GELANTL {05 A S UG AL R output
concer ni ng CO”¥§5§58@ @fpcgfgeféﬁifﬁhmely, 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 value 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




to the output current Ic fromthe input signals INL to 2 4 AUG 2006 23 IN6
in the control signal generation circuit 11 of the current gen2raalifra0s
circuit 10A. Further, in the circuit configuration shown in FIG 2, it is
al so possible to enploy the circuit 5 configuration which stipulates the
current ratio by wusing only an area ratio of the npn transistors Q1 and
@2 in place of resistances R21 and R22 @Bich are connected to the
emtters of the npn transistors 21 and 22 constituting the current
mrror circuit portion 10 12, i.e., by elimnating the resistances R21 and
R22. As a resiNé,in ttHes quastidil & ifghaSlURRIRTS tAGRUIJieRea tOfl 1 okr egul arities
in the current conponent within the <circuit caused due to the resistances
R21 and R22, <¢uereby garestdtiarestimaiumitng Ofhe i nfluence to the output 15
current Ic. (Shift Register) The shift register 20a showmn in FIG 1 sequen-
tially applies a shirthen putn dgéreeraitreh itaseh fdgumednitarolsheiwgnalns (a shift
start signal, a shift clock 20 signal and others) supplied froma

non-i |l ustrat €@ Ccom ridt IFortliseh RAfiSie ks dve pipdiony “Exm fiirggitn one
direction to each.of the switch.circuits 40A provided . in agcordance with

t he resp%ctivep??ﬁﬁﬁyﬁé$¥§QnﬁQ%ﬁ? %ﬁﬁﬁﬂﬁﬁiﬁﬁ'ﬂ%egﬁ%rﬁﬁﬁﬁ £@%18nP¥i gnal ) SR

25 (Swtch G r&é‘iﬁé c;l;hley M ta(?créaCirra%Lii& SotAOC’%eS Iﬁ%\f\{n tir%ngli%to%spSEEogmd
Q22 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 énd 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



the on operation with different timngs based on the 2 4 AUG 2006 24

swi tch changeover signals SR sequentially supplied from the shi2f{ Aueqiogst er
20A, set the output current (operating current) Ic fromthe current
generation circuit 10Ain the wite state to supply it to the 5 current
storage circuits 30A provided in accordance wth the respective |oads, and
control in such a manner that the output4current Ic can be fetched and
held in each current storage circuit 30A. Here, as the switch circuit
40A, for exanple, a field effective type 10 transistor can be applied. In
this case, theswitdlchchaigentidrs QA 0an dre deayused ien 1Wheupale egulbsbrat e by
using the sanme manufacturing process as that of the circuit el enent

appl i ed to thethetshifesordimetc Bilantsets ttdrea e tpiutc wiurs eB@A. The det ai |
will be described is with reference to FIG 3. (Current Storage Circuit)
FIG 3 is a cifereratond iguiranton ha dvathdlienguareadngesegassianpl e of a
structure of a current storage circuit and a swtch circuit applicable to
this 20 enbodi FERtYL QA4 s thiea viid uB tate dondepPdal 1% &rs théhowi ng a

basi c operation_in the current .stor, eBO%i)rcui t, appl.icable to this
t

enbodi meht . THe  tlFtert "SR de 14 RIS PPy Ordagtent i al |y
(tohes the onprall i SR WLt S ZRLEAT, Lo U g EREL 211 O
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
Ccircuits 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 204,

holds a voltage component corresponding to this



hol ds a vol tage conponent corresponding to this 2 4 AUG 2006 25 current,
and sinul taneously outputs a drive current based on the held vﬁf)l}‘tﬂ,@em
conponent to each |l oad through each output term nal Tout. own'in q:I G
3, this current storage circuit 30A can conprise, e.g., a 5 vol t age
conponent hol ding portion 31 (including the swtch circuit 40A) on a front
stage and a drive current generation poetion 32 constructed by a current
mrror circuit on a rear stage. The current storage circuit illustrated in
this 10 enbodinent is just an exanple applicable to the current drive
appar at us accaorudirentt,0 drivte simedenneomsant iomtpuanda drive sakreastricted to
this circuit configuration. Furthernore, in this enbodi nent, as the current
storage circudasedlarhdugh helst medttage icowipadiend ttheedchvéoa8 current
generation portion having the voltage conponent holding and the current
mrror circuittheeugh gaghatetrut feravdedntlositor agé e€hpeni inj Elfet 3/
restricted thereto and it ma% have a circuit confi g{uraﬂ on having, e.g.,

only the volta Wy SLEE R %mco BrSABwnCi - FI & 3 t he
vol t age 5 conpon t hoId ortlo 1co ri.ses: transj stor
havi ng a soHPce%cr\ba}%ecﬁ I{g a jhl?ﬁ on 3&r dit NO?BHF‘iBgt gh ®to an
output termn re e r t d a gate

a%w ‘é:&h‘}; 18+ Gerh % '}ﬁf%tt' %’Ea %HH 194,98

25 a shift

connected to _ out put term nal register; a PMOS
transistor M3Z-avd g @er?&‘éf&%rﬁ%r%ﬂir@'ﬁ 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.g.,
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




respectively connected to a high-potential power supply 2 4 AUG 2006 26
Vdd and a junction N32 and a gate connected to the junction N331j; ggPhioh
transi stor M33 having a source and a drain respectively connected to the
junction N32 and the output termnal Tcs of the current generation 5
circuit 10A and a gate connected to the shift output termnal Tsr of the
shift register 20A; a storage capacitange 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 drain respectively 10 connected and

the junction N&J and an jeudiiton Wict iael aN3 tled doheedihicve teuenent
generation portion 32 on the rear stage and a gate connected to an out put

control ternmnalctiem tNBlwhiacPMOS autapisti semabM33sihgrdhgEN wbuehe bAd
supplied froma non-illustrated control portion and 15 controls an out put
state of the coniradln mespemtt itve ivheondeiorede o e gemettabnoN3poahdon 32 on
the rear stage is inputted. Here, the PMOS transistors M31 and M33 which
perforn1on/offthﬁxﬂwﬁnuﬁ1Uﬁﬂﬂ&ﬁ&ﬁﬁﬂFﬁeQﬁmtb@hG@ﬁéﬁ@éo@@perEQlthnal SR from
the shift register 20A constjtute the above-described switch circuit 40A

The storage cdpadEt é@AC?P |%Nﬁ%%%‘%%¥ﬁ%@ﬁdtﬁ€ thiegfhpdteRBFRP Epover
supply Vvdd an therl |on§W%hﬁJ§ ara5|% capailtance bet ween the
gate and the 2 Source of th ran5| 78 86698, as shown in
FIG 3, the a@%ﬁ%c1tance 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 junction 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



described drive current generation portion 32 2 4 AUG 2006 27 conpri ses:
npn transistors (Bl and B2 constituted by the current nlrr? Bb

each of which has a collector and a base connected to an outpu ?unctlon
N33 of the voltage conmponent holding 31 and an enmitter 5 connected to a
junction N34; a resistance R31 connected between the junction N34 and a
| ow- potential power supply Vss; an npn pransi stor (B3 having a col |l ector
connected to an output term nal Tout fromwhich an output current (drive
current Idv) is outputted and a 10 base connected to the output junction

N33 of the votémgei sonpafiente g3l 0ANGR B3 HARe8 tB324 e9nnect ed

between the emitter of the npn transistor B3 and the | ow potential power
supply Vss. Hetlee ¢inerent puirman reidcy(ids,i v dturofenthildvhalzas a is current
val ue corresponding to a predetermned current ratio stipulated by the
current mirrorcellectier amwhfd duass icmnddted dspect dutpaitcgunentonal ue of
the control current outputted fromthe voltage conponent holding portion
31 and |nputte@3¥h?%u@ﬂ?tYR#QﬁﬁﬁnﬂomnpqqnﬁnhQﬁ¢MQ$331Imn@hﬁg embslerent, by
supply the out current having the negative polarity to the output

t er mi nal ® Tout %) RRECEEY 4 rﬁatj‘%rtcgcw é\@t‘]t'l g G196 S tamcee fed 1t ICQ\W/nGFFé@tl on of

(he drLve, cur SOt LAY B0 Sl eS ol ofhd 1o ) IRt el et Supply ves
so as to be puéﬁﬁﬁher§§¥3éhrﬁﬂﬁ'éyéﬁgléég% Q33 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 curren£
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 junction 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.



current storage circuit 30A fromthe load LD side. 2 4 AUG 2006, ,28 In the
current storage circuit 30Aillustrated in this enbodinent, a %6r4@%@m6
val ue of the control current outputted fromthe voltage conponent hol ding
portion 31 is set larger than a current value of the output 5 current
generated by the current mirror circuit of the drive current generation
portion 32. The current value of the compsrol current is reduced by the
current mrror <circuit with a predetermned ratio in order to stipulate
the current value of the output current. 10 That is, by setting the current
val ue processed i nsiglecthé heumodiage emgoneiicdiadl doxg i3 dsangeled han the
current value of the drive current Idv, it is possible to increase a
processi ng speddl £omcsrdimentt,he fetmtentholadiueg ofstthrcagentand therentput
operation of the 15 operating current Ic in the voltage conmponent hol di ng
31 of the currewtretrddaal rtdid tvadiagd reampeneinte tiotl ddongf ipgatainoRlshown
in FIG 3, by  applying a circuit configuration which stipulates the
current ratio by %Rt NP HRY Wittare£ WSS o e ofpriiheo otitessdi stors B1 to

@3 in ace of the resistors 1 nd R32 ich are cqonnected _to_the
St tor S of t nent (et DI TY & s o et g CTHE Gl BBt i rr or

Current ratio thThe P ERoAT A b B SZinr T, sbraRte Vg Lb
guration, i.e’, by
elimnating thee £88i &ees F3raNd iRBZ2edicdS RPTHD IR ARNTURREESS
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 Q33 in place of the resistors R31
and R32 which are connected to the emitters of the npn
transistors Q31 to Q33 constituting the current mirror
circuit of the drive current generation circuit 32 and
stipulate the current ratio in the current mirror

25 circuit configuration, i.e., by eliminating the

resistances R31 and R32, it is possible to suppress

occurrence of irregularities in the current components




occurrence of irregularities in the current conponents 2 4 AUG 2006 29
within the circuit caused to due to the resistances R31 and R32j syad2i06
irregularities in the output current (drive current ldv) can be greatly
restrained. As to the basic operation in the current storage 5 circuit
(including the switch circuit) having such a structure, the current
storage operation and the current outputdoperation are executed with
respect to the drive cycle of the load with a predetermned timng by
which overlap in tine is not generated. Each 10 operation wll now be
descri bed her giitafihetthe cCuenent cShsedgeoCpacatbonhel fefhetanceL 3Bt or age
operation, as shown.in FIG 4A the PMOS transistor M4 as the output
control circand B82foens tiheeghfavpEiasi on bheapptyuhgcarienti gh- | evel

out put enable signal EN fromthe control portion through the output
control term rfglcivencurgenthidvst sa8, behgrepél it ragtEairedts I ¢ having the
current conponent wth neg?tive_polarity,correspondin to the input

. g
signals INL to | N6AFs&® thec OIS OPRE32AOFr iLle LhEaFHETBRTt AECFBIBS are

lied fromth t i ircuit 10A_thyough the input
or mi nal® oo (OGN RBFHALRoTERoP  hERcEr FEREE beRRY R oMUGR Uit 104).

ot edet or m ned SRR o Cne EhETE 35 oPagrsrBr L 8bA Nt gk the

pr edet er mi ned “timng mth I roug he shift

out put term nalyrieht Bupdt’ 8puirheibheaPMOBxkEaRalskots Mdpabd #83 as the
P 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. 47, 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 IN1 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



control circuits (switch circuits 40A) performthe on 2 4 AUG 2Q06 828
operation. Consequently, the voltage |level as the |ow | evel ‘féHg %ﬁ ng
to the operating currents Ic with the negative polarity is applied to the
junction N31 5 (nanely, the gate term nal of the PMOS transistor M32 and
one end of the storage capacitance C31), and a potential difference is
gener ated between the high- potential powsr supply Vdd and the junction N31
(between the gate and the source of the PMOS transistor 10 M32). As a
result, the PMOS transistor M32 carries out the on operation, a wite
current lw equiyalaniofo the operating current Ic flows down so as to be
pulled in a direction of the input termnal Tcs through the PMOS

.transistors M32 anthiB3qudrom { hecHd ghvlpeigntlicale Ip@serthd Sosuppkyl At this
nonent, the electric charges corresponding to the potential difference
gener at ed bet veernrddporidighy pottdret icgle rpdviery surplept¥dd camd thh&hgunct i on
N31, i.e., between the gate and the source of the PMOS transistor 20 M2
are stored in négatsi apel asfdciitsase® 163E tandhehdungitdepr Nélchar ges are
hel d as a voltage conponent correspondi ngf to the operating current Ic.

Here, to® the BY&QIYc Witardfds tgPeddin Athd st Me teapadptancl>2cal are
el even af el Pulling oL IS, AL et el L 20 1 5hopaed by applying
through the Sr%géential 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 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



output term nal Tsr upon conpletion of the current 2 4 AUG 2006 31 storage
operation to the PMOS transistors M3l and MB3 which performtife; ai6 2006
operation. (Current Qutput Operation) Subsequently, in the load drive
operation after 5 termnation of the current storage operation, as shown
in FIG 4B, the PMOS transistor M34 perforns the on operation by applying
t he out put enable signal EN on the | ow Bevel fromthe control portion
through the output control termnal Ten. At this nonent, since the 10
potential difference equivalent to that in the current storage operation

is generated bgtyesfe tdiegatiomnd e BROY ¢e0fs iidte BVES 1t adsissor M32 by
the voltage conponent held in the storage capacitance C31, a drive

control currenthieae peavicgm aleurafhtopedats cegui val ent 15 to that of the
wite current Iw (= the operating current Ic) flows down in a direction of
t he out put jufCerosniNSRutul reogratiloror circuit portion 32) from the

hi gh- potential power supply through the PMOS transistors M32 and M34. 20
As a result, the drfvesedmdrolycukl dite 1krad idpte @Par i @fiteént mirror
circuit gorti on 32,is . converted into drive current 1dv havi ng1 a current

val ue co respoﬁﬁflﬁjgni“bl%n;ﬁ_ dtéieer‘?ﬂrr’fé‘d"‘ TSRS é&ﬁe&a@ﬂnpulaété °B% t he

Chr ough each obbptre (BEmm ot Chasr R M seio e B oGy suppi i ed
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



fromeach current storage circuit 30A to each load LD 2 4 AUG 2006 32 is
applied the high-1level output enable signal EN from the contr k Ag@rﬁmpn

t hrough the output control terminal Ten upon conpletion of the current

out put operation, and supply is stopped when the PMOS transistor M34 5
carries out the off operation. (Drive Method of Current Drive Apparatus) In
the current drive apparatus having the appve- described structure, in a
current wite period, the operating current Ic having a predeterm ned
current 10 value according to the drive state of each load is sequentially

gener at ed and iqutgpgitied bhet he ghi-nghel eutbant egepeeakigAati ENUEtoR0A, and
the switch changeover signal SR sequentially outputted fromthe shift

regi ster 20A ithesemusialalpoy tappl ithd otight ieelbusputchontroli tersbraprovi ded
in accordance with the respective output termnals Tout in synchronization
W th the outpen jurory compilied igperdt ithg current Putpa§ omerasupPn, the
swtch circuits 40A sequentially perform the on operation with different
timngs synchrail ZBWrAY wist 1§ tomeesuiben FPﬁlﬁﬁoéftfﬁéséﬁéPﬁtMﬁé current Ic.
The wite current |lw corr n@ to the operating current |Ic outputted
fromthe curr&ﬁrrdeﬁﬂseloéﬁ gﬁ’ & rfcg’ f@Aogequentl ally flows down and is
witten in rr%p cpggg%u &%%%I%& % gggg Q% ? as the 25 voltage

conponent (theﬁgﬁbﬁ% escrl current storag oper ion). Sequentially,
in the current OUtPH{ 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



period, output of the switch changeover signal SR from2 4 AUG ;?06 3? t he
shift register 20Ain the current wite period is term nated, } AUGe2006
swtch circuits 40A performthe off operation, and the operating current
Ic according to the drive states of the loads is held in all the 5 current
storage circuits 30A. Thereafter, the output enable signal ENis applied
to the respective current storage circugB8s 30A fromthe control portion in
cormon with the sane timng. As a result, the currents according to the
vol tage conponent held in the current 10 storage circuits 30A are

si mul t aneous| yrrsupiifad gy itdter doave ncwheerigredt WeitBepkoaga through the
output termnals Tout (the above-described current output operation). By

repeat edl y setfdmgirsmdi,a aQUr rdet swiittoh pdricad tslBoangeetibErantheud pt
period in accordance with a predeterm ned operating cycle, the | oads can
be caused to apEratieom tand thee dpeeatiingd cdirireatcfcl ecctdiafote,
according to the current drive apparatus of this enbodinent, the current
storage 20 cithaidsivg statd@Esvicdudibey loes\s dédbeddt A8 sithgkBecurrent

generation circuit so gs to correspond tqQ a _plurality of_ the output
termnal%, theEBHTENLS QﬁygircﬁﬂgﬁbégﬁhinE%EESPFEﬁ vEPGeCBERBEr ni ng t he

Orive, SO ol GRYST, Ul oRn 3 SERAEL DN SUCLBTL PR OERRE | o0
circuit with E%torage 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
predetermined 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

predetermined timing. Then, the operating current



predeterm ned timng. Then, the operating current 2 4 AUG 2006 34 supplied
fromthe single current generation circuits can be held in acébkdﬁﬁdﬁ ith
respective output termnals by outputting the currents to the respective

| oads fromthe respective current storage circuits 5 through the respective
output termnals at the sane tine, and the drive current for each out put
termnal can be set based on the operatBag current. Therefore, the drive
currents in which irregularities between the respective output term nals
are suppressed can be 10 supplied, thereby driving the respective |oads

wi th the unifsuppldeet drdng thhkarsdaiéel stircenthgeakeeaehbnstinctite of the

bi pol ar transistor or the MOS transistor applied to the current drive
apparatus il | ustr dteechdld tim scevirddncenwiith metspebtigst pitped, and it may
be appropriately subjected to design change in accordance with the el enent
charact eri sti ciexnimadu aot Gutmy ttdolnitpge cugrendguce thesreanachbiners.
Specifically, by sequentially repeating in 20 accordance wth each row the
operation to s%&ﬁﬁ%f%qﬂy fhey e SBRCEVSy CHEEE T SEPERPS FUFFVEtEurrent s)

whi ch ve t uni form current .characteristic and.correspond to each
G spl ay dat a (PBHHSH THOAISTRR: o POTEC a6 AgB o2 Bt Eoot BFhe 11 gh
oty o SR RS SRt drauded o cscrdenee Ytk sesn of Lhe
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
appératus 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 technigue, 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



(see FIG 15), it is possible to wite the display data 2 4 AUG 2006 35
for one screen of the display panel into each display pixel E”“%gﬂﬂ%eﬁméhe
light emtting operation with a predeterm ned brightness gradat )

t hereby enabling excellent display of desired imge information while 5
suppressing generation of display irregularities. Here, the el enent
structure of the bipolar transistor or 3hhe MOS transistor constituting the
current storage circuit according to this enbodinment is not particularly
restricted, and it nmay be appropri 10 ately subjected to design change in
accordance w tford hee elerment othahactéspdbiyCpahbé phedueachedhsphae, the
product cost and others. In particular, in the MOS transistor constituting
t he vol t age canporierindnoladiseg tédleedeght enittdeg tpevbtapn wetkszary
operating speed, 15 preferably, as described below, it is possible to

excel | ent|y appiedetermdneds s ghaneng onadasbphit fhesebyf eppll Mg

transi stor being approximtely 200 cnR/Vs or a |l arger value. F|G SA shows
an equi val ent %ﬁQQﬁﬁQPQﬂd%fﬂ%PﬁUEFuF@sldeWH@ﬁg?hénégéE?FFencﬂﬁ?g%s are
stored in the C%Pacitance betmggn th% aﬁteland.the sgurcg.of t he

transi stbr, amPPREGESEE i0SIGaph Showtn-ad 49839Enange* FR- vol t age of

t he capacitance wh e ectrd. c ghar I 7 ! capaci t ance
bet ween the gate aﬁ%%eﬂ’e tgloeurez:leén%n%t %éCQ%%g%trr%a%;f?éc?%r IPQIBP(H;Q?SA corresponds
to an equival enf &l fGWt W&he 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. In 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 cm?/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. B5A corresponds to an equivalent circuit when

predetermined electric charges are stored in the



predeterm ned electric charges are stored in the 2 4 AUG 2006 36 storage
capacitance C31 in the voltage conponent holding portion 31 of the current
storage circuit shown in FIG 3, and corresponds to a case thats fde
transistors M32 and M33 are ON and in the conductive 5 state and the PMOS
transistor MB4 is OFF and in the open state. Here, the transistor M
corresponds to the PMOS transistor M2, 3&nd the capacitance C corresponds
to the storage capacitance C31 which is a sumtotal of a wring

capaci tance, a storage capacitance and a gate 10 capacitance of the

transi stor M sradee dapaefl texygeal@dtli am, the weldeter conednehat the source S
of the transistor Mand one end of the capacitance C are set to a ground
potential. FI GolBEngmmogsiondsilt @fa thehangesent storaget ciebuitvehewna drain
voltage V(t) of 15 the transistor M32, i.e., the voltage of the

capaci tance C3! Hi-e3ragnshsprnasrords sa awseseatbaitr Ehe FMASis supplied

FIRNENE MR DS A L ST e M)
M) e 91D P 6T KSAEISREAY §0eprb ol kg REpr eSS on
fﬁec?fgﬁéfg?gf"ﬁﬂ ﬁt{ygteéagﬁgrﬁl tt%%(jit&%%%‘i%‘c@ﬁ: M c82rkSpohfE EBPEALLY oOf
PMOS transistor M32, and the capacitance C corresponds
to the storage capacitance C31 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 S 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 cee (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 lehgth. Based



of the transistor M and L is a channel length. Based 2 4 AUG 2006 37 on
this, a differential equation of the followi ng expression (2) can be
established. C'dV (t) /dt + AV (t) 2 =1lin ... (2) wherein thge,cqjpagsance
Cis asumtotal of the wiring 5 capacitance, the storage capaci tance and
the gate capacitance of the transistor Mas described above. A change of
the tinet relative to the drain voltage3V(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, Tis a time constant, and
it can be represeitiett by difdferaritioi mgustpoes sifothel3)foilflowhaggat e
capacitance in the capacitance Cis |arger than any other capacitance.
Further, wth $HIeSHOR LI3Ean ke At sWed: reaches 15 a val ue which is
99.5% of a saturation volta % V s) T.=C4A%in ... (3) That is, the tine
constant T is in pr OpOI’C[ |d6’ngctc{ HAUEE T Héncapam tancé2C and in inverse
proportion to ,the 1/ (Pomer of thzénnblll assum ng t hat

a pol ysilicon e g | ed AP HE 0514 6 ﬁza&aﬁgc! g’&n&’é 'E¥s 6 pF,
WL is 00 ~t£grf§% p#%?%s’h%?%r#&artn% ﬂac:%.%n@%/ V ndatfn' t hi ckness of

agatelnsulatl i°Cat f on current FII’]IS 10 pA
a time constanéaﬁa@ﬁat}?@@raefs t%é%x%?sqstﬂle@@f Qr %es\e*}%ehh%bevabemof the

scanning lines in the display panel to be driven is set

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, 1 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 = 3t, the voltage V(t) reaches

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

1 = C/VA*Iin cee (3)

That is, the time constant 7 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 pm/30 um, 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 puA, a time constant =

25 becomes 1.42 psec. 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



to as 120, a selection period per scanning line is 2 4 AUG 2006 38
approximately 139 sec and the nunber of the data lines in whigh g 3ggan
be witten within this tine is approximately 32. In relation to this, when
the mobility e of the 5 transistor Mis 245 nR2/Vs under the
above-described condition, the tinme constant ti is approximately 0.096
sec. As a result, the nunber of the data3lBines 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 panel having the 120 scanning |ines
and the 160 (mReB)xidattely ney seedandrihemuniidrerafatiheeldata flinkes
capacitance Cis 0.51 pF even though the nobility e remains as 70 n2/ Vs,
15 the tinme coWstvnitCh 1434 SaTs o étonesemppridxmedihdlsy timepds sec, and the
1/4 VGA panel can be driven |ike the above. That is, in order to drive at

| east the 1/4 3RFFOKBARELY mZnobility e of the transistor Mnust have a

20 vl ue of anpr 06t Rl oL, 200, CIE/ 00 BraSt i, or, Ll sapac Lance
2 e (18 (LR SANELANL UL 45 249 AP | MRS fle i pract L ance
the transistorgoifer fdd® Qastal ddnSBhP& 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 n2/Vs,
15 the time constant 17 likewise becomes approximately
0.096 psec, 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 cmé/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 7t is
in proportibn to a value of the capacitance C and in
25 inverse proportion to the 1/2-th power of the mobility
pe of the transistor, the time constant 1 can be

further decreased when the capacitance C is further




further decreased when the capacitance Cis further 2 4 AUG 2006 39
reduced or the mobility ge is further increased, thereby dri vilAURe206

hi gher-definition display panel. Although the structure of the transistor
realizing the nobility or the capacitance value is not particu- 5 larly
restricted, for exanple, a polysilicon MOS transistor having a continuous
grain boundary fornmed on an insulating s8abstrate or an MOS transi stor
formed on a nonocrystal silicon substrate can satisfy the above
conditions, and it can be preferably used. 10 <Second Enbodi nent of Current
Drive Apparat ussdudddc o tiise angrii ey &t rivctinralhed ewcslkawiedg a second
enbodi nent of a current drive apparatus according to the present

i nvention. Herghetdlsy sdneviorg wouihigihent-dedfieridrion wiispdalys pderdt e
structures is equivalent to those in the above-described first enbodinent,
t her eby sinplifyi ngAbrheighy the i sigrudiaire ok pgimdiiansistes ggedddtngdrive
appar atus according to the second enbodi nent includes a pair of current
storage 20 sectfoiRh HoeHddite SARAT EHRIGR PRt Ueerd®i R PETRAFER  a | oad

[ t ed, [ fit t te i l,1.el ti t
equont 1 81 Ty EEER O S e o B e CoRAE " GPPNE val e Suppl i ed

‘:)Log"ng nggggﬁ%?%g{%ﬁao%%@& A GG o egfﬂ%_nc%%%'&tarﬁﬁ £3LRLA0E, Sect i on
pondi ng ~voltage conponent and operatron to
si mul taneousl yan 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 is 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




out put the current based on the voltage conmponent which 2 4 AUG 2006 40
has been already held in the current storage section on the othgrAusi 266
through the output termnal. As shown in FIG 6, the current drive
apparatus according to this enbodi nent conprises: a single 5 current
generation circuit 10B which sequentially generates and outputs an
operating current Ic having a predetermmed val ue according to a drive
stage of the l|oad; a plurality of current storage circuits 30B each
including a pair of current storage sections 3la and 10 31b which are

provi ded as ana beleh ateendgntheld ih tRacBueueput steray@asedoidni n
parallel, alternately (selectively) fetch the operating current Ic
supplied fromrnt thecothemt sgdretatrooghctheuptitpoB wethinadi vi dual tim ngs
and hold a correspondi ng vol tage conponent; a is shift register 20B (shift
regi ster sections 2aShedn ATHYIghi éh ithepcovirged dsigepaPparat@gcor dance
wth the current storagg sections 3la and 31b constituting the current
storage circuidCCaIsiRgd toettd1ls ERRPAGTRRENCSUBRE§ERG BhelBPEP ati ng current
lc fed fromthe current 20 generation chrguig.lOB to eachﬁfi t he current
storage > sect | THE 8Fa IRG T3 EHON, CHFGHAT £)Po P ABuF NGRS t€h circuits
40B havi ng sw a i : QY a L] cordance
with the curré%%ﬂﬁggg%hﬁé%ggéi'8%% %Eagégaagiﬁgcgﬁg ?ﬁﬁt%%éﬁéﬁgﬁ%ﬁfrent 25
storage circuidy 3B ARd nelNthahed 23uBRLY ngt 8beaOhirihe sPRGEALE NEhEUrTent Ic

fromthe current generation

load; a plurality of current storage circuits 30B each
including a pair of current storage sections 3la and

10 31lb 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 10B with individual
timings and hold a corresponding voltage component; a

15 shift register 20B (shift register sections 2la and
21b) which is provided as a pair in accordance with the
current storage sections 3la 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 41a and 41b which are
provided as a pair in accordance with the current
storage sections 3la 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



circuit 10B to each current storage circuit 30B based 2 4 A U G 2006 41 on
i ndi vidual timings set by the respective shift register sections2#14/G32W6
21b; and a plurality of output side switch circuits 50B each of which is
provi ded in accordance with each output term nal Tout, 5 selects 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 determned that the current generation <circuit 10B, the shift
regi ster 20B (s3hiifddirdghustier irseetsi @@t Blataadriippctife shifent storage
circuit 30B (current storage sections 3la and 32b) and the input side
swi tch circui tre4iBteswnistechidonél @ landndll Bl bhawedt hepilsralitigtafes equi val ent
to those in the above-described first enbodinment, thereby elinminating the
detail ed explari@itorsldeese’l tiche CRTESE tShiPPOB ﬁéghspérwbéégiéﬁ 21a
sequentially outputs a shift output as a swtch 20 changeover signal SRl
with a predet #FAWEES ilf RGCFIaRE Mittdt c8nPt CHTRES pROVIBRY TPhccor dance
with th first .current st e section 3la_in the curren storage circuit
S THIER S e

30B provi ded iTFIEECS EANCE Wit SRR SP5uthIE 28 RERALORBuL L2 AR e Bt her
han {1 SoCHRAR L b B TRy Abiagutyt s @ st
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 SRZ with a timing

which does not overlap the timing of the shift output




whi ch does not overlap the timng of the shift output 2 4 AUG 2006 42 from
the shift register section 2la in tine to the second swtch 41p, pgvodkd
in accordance with the second current storage section 31b in the current
storage circuit 30B provided in accordance with each 5 output termna
Tout. Furthernore, the output side switch circuit 50B is synchronized with
the output timngs of the switch changeager signals SRl and SR2 fromthe
shift register sections 2la and 21b based on an output selection 10 signal
SEL outputted froma non-illustrated control portion, and operates so as
to select the iy effe siftageEaaidronddidnrseliectiad terer €at takor age
section side) of the switch which is not performng the on operation in
the i nput sidessawrdhswitrauidlbi@Bovisidd ithecuwridantedwivd appar at us havi ng
such a structure, in a first operation period (a current wite period on
the first currestond orujeeneciticon 9@l sesitdem 31buinetheogupuenperi od on the
second current storage section 31b side), when the switch changeover signal
20 SR1 fromt he*953%R SHIFUlh etfiBs theio™ dit 2rgoreansequéfihi 8BFY out putted
to each switch 41a provided . ccordance with the current storage section
3la of each dﬂ??&ﬁ#)Eﬁﬁﬂﬁﬂﬁ§ QFFgUit 30B, each switch 4la sequen- tially

cffects the on opertio gl LA RIGlStem et AR et gdoR sgtTIe
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 SR1 from the first shift register section 2la is
sequentially outputted to each switch 4la 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



generation circuit 10B are sequentially witten in each 2 4 AUG 2006 43
current storage section 3la as a voltage conponent. At this n?gpﬂﬁ z&ﬁe
swi tch changeover signal SR2 is not outputted fromthe second®shi G

regi ster section 21b, and all the switches 41b are in the off state. 5
Moreover, at this nonent, the output selection signal SEL which changes
over and sets the output side switch cigguit SOB provided in accordance
with each output termnal Tout to the current storage section 31b side is
outputted in comon, and an output enable 10 signal EN2 is outputted to al
the current stai@gmht SESi0Ns syt iwnt B1a plsedetnagedcbinfbAgntn cagnon. As
a result, a current based on the electric charges which have been al ready
hel d i n each cihisniorsdmr,agehesestiitah chbngesveirmsiganéodBRkyieuhptitted as a
drive current Idv 15 to each | oad through each output term nal Tout with
the sane ti mowtpBiddiron Ifhe jsecensesdid topegdsiten peckoddn(adlbeurrent
out put period on the first current storage section 3la side/a current

wite period dPd HetsddhEWHg QRS di &6 dge t6cifdns52besi de) set after
termnation of the fist operatiqn period, n the switc hangeover

S onal SR rom { nOISEESTRE SR Y (T AT oGO8 GBI 6 L8EEHont | al |y
outputted to eac W 1h provided in_accordance with the. cutrent
storage 2S sec?:'i%]na 1%f%fwrfellac cchua\rﬁrge%t os\;t%(;:r gélgd gleftg'ufcweSBBft:pggcﬁld%m tch

41b SequentialéWﬁ&EﬂféHfEhié"%d§1ﬁﬁg%ﬁﬁédQQnO@d%ordance with each

output terminal Tout to the current storage section 3lb
side is outputted in common, and an output enable

10 signal EN2 is outputted to all the current storage
sections 31lb 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 pericd (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 3lb of each current storage circuit 30B, each
switch 41b sequentially performs the on operation only

in a predetermined period, and electric charges



in a predeterm ned period, and electric charges 2 4 AUG 2006 44
corresponding to the operating current Ic supplied from the cur2enAUG 2006
generation circuit 10B are sequentially witten in each current storage
section 31b as a voltage conponent. At this nonent, the switch 5
changeover signal SRl is not outputted fromthe shift register section
2la, and all the switches 41a are in the4off state. Additionally, at this
nonent, 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 fdhdshRrmnMy o ROk b@R raf i6gMFRRrendndct BeppUL pUt £eH@bI e
signal ENl1 is outputted to all the current storage sections 3la with a
pr edet er mi ned thd mMwmgdant gemartidsn airesltt 108 ewer estjubasedlbp the 15
el ectric charges held in each current storage section 3la in the first
oper ati on per ivid titensiimulezaie sugingntogttpreged sestithe dibvescarrent Idv to
each | oad through each output term nal Tout with the sane tim ng. By
control ling siH % CmRaeecofd SHdsaficBfRt20ther PUdtsd as to be

t [ d i t.h det i ned L , th ti
Lo hl 6 1 he. GTERTCE Shi e Lo BFledfoRnG U BUChECopEPat FhS SEOFFont 1o

outputted fromt r .genef-at i Iy C Ukt i n f pair of the
current storaggeeggétgegztsfe%tsl%gﬁgl%rﬁd%glfb%lalnghtehég’ggggg i g%gt %g%ufa'llbut t he
current based . tJ¥ elggidic charges held in the other

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 is outputted from the control portion in common,
and the output enable signal EN1 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



current storage section as the drive current Idv are 2 4 AUG 2006 4S
alternately executed in parallel. Therefore, according to the qurpggentymrive
apparatus of this enbodinment, |ike the above-described first enbodi nent,
the operating current outputted from5 the single current generation
circuit is sequentially fetched and held in each current storage circuit
(current storage section), and outputteddwith a predetermned timng at
the sane time. As a result, the current with the uniform current
characteristic 10 supplied fromthe single current source can be held in
accordance w tdl teach teihpukectiidndhn, pardlietegul ari- .ties in the drive
current between the respective output term nals can be suppressed. Further,
a pair of the currdreioragecseatdions tar éhper cuirdedti drageordance 15 with
each output termnal, and the operation to sequentially wite the electric
char ges corresraadiatgs of tthd sc gmbodiinentpulikd thenpbpeecdesentbe@nerati on
circuit on one current storage section side and the operation to

si mul t aneous| Y& Firmase et eh RPEFAGANI0CHRECBLcCPEPBLERGIr Hed™ hel d on
the other current storage section side.are executed in ﬁara As a

rosult, S the VTR 91 AL R SR P L £ 0ot &t POREEBHIRLLY cur et
SLevase socl RALPSIPUSE & SHhLARLE: (LT SUPRLYCHLIE of Lhe, o ve
can be finely qotdf |8brg¢ RRITRLS, LRE buRBukeehekebnthe
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 irregulari-
~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




operating current into each current storage section and 2 4 AUG 2006 46
hold it can be prolonged, thereby stably carrying out the hol gingug 2006
operation in the current storage section. <Third Enbodi nent of Current
Drive Apparatus> FIG 7 is a primary structural view showing a 5 third
enbodi mrent of a current drive apparatus according to the present
invention. Here, the sane or equival ent 46eference nunerals denote the
structures equivalent to those in the first and second enbodi nents,
thereby sinplifying or elimnating their explanation. 10 The current drive
apparat us acctdidig tt cdmheel hirod ongagdittefrktbastadl Fefbrsliyohggeusect i ons
on two stages provided in series in accordance wth each output term nal
to which a | oathe sidlahimgctoperadqridn sn dhestcutrueed stoasgeosergetuhe an
operation to sequen 15 tially hold a current having a predeterm ned current
val ue suppl i edccTrigi £mijasgimendyofe furgendr Rriigs dpPpagptusby the current
storage section on the front stage and an operation to_hold the current
supplied fromthe ¥EUfrenhttStoPdgdedectStEmcdntete VEeYnEheragEe By the 20

curtent £101 295,50 Lo ARe fear HLag.and el LveL v gutpuce 1
cpparatus “accal g i Khke oodmet S| SRR 5Bad DO ERSULEERL,

operating currgdifeddh i a1 sPiRARLr FrRed teUEEEREsVabUevaseRtdigg to a
drive state
those in the first and second embodiments, thereby
simplifying or eliminating their exblanation.

io0 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




of the load; a plurality of current storage circuits 2 4 AUG 2006 47 30C
each including a current storage section 32a on a front stage agdayG 2006
current storage section 32b on a rear stage provided in series in
accordance with each output termnal Tout; a shift register 20C which sets
a timng 5 when supplying the operating current Ic fed fromthe current
generation circuit 10C to the current stgrage section 32a on the front
stage; and switch circuits 40C each of which controls a supply state of
the operating current Ic fromthe current generation circuit 10C to 10
each current stoor agehCiiheludidgCa kttirkentosheragéesecthet 3he cwraent
generation circuit 10C, the shift register 20C, the current storage
circuit 30C (dumngnistagteorage asetrrens 32arapgd S@byiamd3Zheomswhtedrxircuit
40C applied to this enbodi nent have the structures 15 equivalent to, e.g.,
those in the ateoe deosridedd in ssrieenbodprenrdanperebyh et @h nAEFPRE t hei r
detailed explanation. In each current storage circuit 30C, the operating
current |c sup@iddal Foutie acgridht T§EMEFETT ORCCIREER tS2B® 0BT Y et ched

into the current storage.section 32a wW.th a predeternined_tim a
correspghdingV95¥E§@@pq83ﬁﬁbﬁéﬁtopsrﬁghag 5ngﬁn uf?gh?gbgg%% g&éthe hel d
vol tage conponty g SRlI-Rd 4.0 oL BeGur nBpt 5t 0h80Eu, SERLT 0o32De On the
rear stage with a predetermne 5 timng based on a FTFst ouf put enabl e
signal EM fed sJaiamr 33endd st r2bed cRALES! aRAr 5WOPcRI cCLEGULS - 4t

each of which controls a supply state of the operating
current Ic from the current generation circuit 10C 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



this nmonment, the current storage section 32b on the 2 4 AUG 2006 48 rear
stage fetches the current fed fromthe current storage sectio %ﬁﬁ ﬂﬁathe
front stage, holds a correspondi ng voltage conponent, and outgﬁt a
current based on the held voltage conponent through the output 5 term nal
Tout based on a second enable signal EN2 fed fromthe control portion. In
the current drive apparatus having such @8 structure, in a first operation
period, a switch changeover signal SR fromthe shift register 20Cis 10
sequentially outputted to the switch circuit 40C provided in accordance
with each currenr sitelRg€eteeuithe3@GrrAntafedstikom the suwriehmtcircuit 40C
sequentially perforns the on operation only in a predeterm ned period, and
el ectric char georaga tsage i S@rponetthye Eoonésptadenghtbdanaoperati ng
current Ic supplied fromthe current generation circuit 10C is

sequenti al | y wannespandimee vediteget compragoatseendonutBrasoa cwerenbont

stage. Furthernore, at this nonent, when the second 20 output enabl e signal
EN2 i s out put teapsd oM thhe dedd orltgget corresertl thraughr Fedtodtdrhge

sections 32b on the rear ages, in common with redeterninped_timng, a
current %asedWﬁfqﬁﬁ?%ﬂﬁﬁﬁﬁh¥ﬂﬁﬁbk@e§ RﬁF@ﬁgL§98gﬁgeﬁlga?iggg§ ﬁ%#d i% each

current storaqu%$gﬁloqx§agxh§ %ﬁt§5gultaneously outputted as a drive
current ldv toeach oa hrough éach output term nal Tout with the sane

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.



timng. 2 4 AUG 2006 49 Then, with a predetermned timng after conpletion
of the first operation period, the first output enable signal ENl is
outputted fromthe control portion to all the current storagezdeéﬂﬁqnm 32a
on the front stage in 5 cormmon. 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 482b on the rear stage and held
(supply operation period). 10 Subsequently, in a second operation period
set after conpletion of the supply operation of the current to the rear
stage in the currenthest,0radd G iddet3ained kentihg alieve- despLlebednfirst
operation period, the sw tch changeover signal SR fromthe shift register
20C 15 i s agaidf feguenitrisil lopexattpont pdrtodeathesdwiteh outputtendiol®
Consequently, the operating current Ic supplied fromthe current
generation ci reignall @01 § sseqdentitald frow theeaohhirohereutient tetakhge
section 32a on the front stage and, at this nonent, the second out put
enabl e 20 si gridle ENXLeq o SoFEged Se§ tirBScdPreRl §R6r A§ENEeEER8R 1B2b on

the rear_stage in commmn with a_predeterm ned imng. As-a result, the
current %uppli%ﬂPanonrﬁﬁda'ﬁ@@&l&ﬂ gg@hCEEFFQEtk??@rgﬁeegﬁgt?ﬁﬁg%ﬁﬁ is

si mul t aneousl y_out putted.t.o _each l.oad,as the, dr] cur v. By
controlling SLﬁﬁ?Egaﬁﬂﬁﬁﬁgﬁ%n %%grépig§epgﬁ?8550b¥%at§én Be£§8& lg

collectively supplied to the current storage section

32b on the rear stage and held (supply operation
period) .

10 Subsequently, in a second operation period éet
after completion of the supply operation of the current
to the rear stage in the current storage circuit 30C,
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

SO0 as to be repeated in accordance with a predetermined




so as to be repeated in accordance with a predetermned 2 4 AUG 2006 so
operation cycle, the operation to hold the electric charges corriedp6radisng
to the operating current Ic outputted fromthe current generation circuit
10Cin the current storage section 32a on the front stage, and 5 the
operation to output the current based on the current fed fromthe current
storage section 32a on the front stage ®hd supplied therefrom fromthe
current storage section 32b on the rear stage as the drive current Idv
are executed in parallel. 10 Therefore, according to the current drive
appar at us of bbiktatdbadcgent, thkeopbeatbavetddseld bgue digctrianbodi nent,
since the drive current of each output termnal is set based on the
operati ng cur chargebedotreaproheispngpetoarorerager@redyorriteuit, 15
irregularities in the drive current between the, respectjve out put

term nal s canobérsisgfedsen. thrprusienrt pererd hkeReVECHEscliDeld second
enbodi nent, the supply tine of the drive_current. to_each | oad can

. b
p&glongedilanGh@héuéFﬁﬁé Staravss SBEERCT oAt c&h BR° 2BF 7 het At Hl | :d.
Addi ti , .the ti to _fetch th i
ORI E S BT EILC LR o seeh sircent oo

section ~and ereby s y executing the hol ding

Eff;:tion in the Er%%? §&Bﬁagﬁesﬁﬁkkgﬂt sEouLLd Enbedh e, ofn QHd ent
Appar at us> FI I's a primary structural view showng a fourth
enbodi ment of B HH BRlgedhinke sappaiaiUsherefrom, 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.
Moreover, 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



according to the present invention. Here, the sanme or 2 4 AUG 2006 51

equi val ent reference nuneral s denote structures equivalent to 2hos#G 206t he
first to third enbodi nents nentioned above, thereby sinplifying or
elimnating their explanation. 5 In the structure described in conjunction
with the first to third enbodi nents nenti oned above, the current drive
apparatus according to the fourth enbodiStent determ nes as one group a
structure including the predeterm ned nunber of output termnals, current
10 storage circuits provided in accordance with the output termnals, a
shift registekeqandasentcheferenté snuhorabs éacdit grotypuoees i ndi vi dual

sem conduct or chip, provides a single current generation circuit with
respect to eaelugrvedpntséni thndaciortbai pirsanto 180 B pridesd Hnenirs ent
having a predeterm ned current value in common. It is to be noted that, in
the fol | owi ngheddioOnete abRufpl EhehePHoBERP HEEX IR HtP B WM TMINHelR ven as to
the case where_ the present invention is applied to the structure explained
in conj unct i offDRiIEh e¥Re 2B8E6RB- 20 enbodi ment, but it can be similarly

cppl [edto 2y oler SIORULIENL o Ae3NOUoA Tl Qo BpbRE G ERIGHL v,
g R R B R s e
current storagfive apparatus according to the fourth embodiment
determines as one group a structure including the
predetermined number of output terminals, current
10 stbrage 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.g.,
25 the structure described in conjunction with the second
embodiment (see FIG. 6); a plurality of current stofage

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



circuits 30D (current storage sections 33a and 33b) 2 4 AUG 2006 52

provi ded in accordance with the output terminals Tout; a shift 2é&giut 106
20D (shift register sections 23a and 23b); a pIuraIity of input side
swtch circuits 40D (switches 43a and 43b); a plurality of sem conductor 5
chips CP1, CP2, ---, CPn on which circuit configurations having a
plurality of output side switch circuits530D are respectively fornmed; and
a single current generation circuit 10D which sequentially generates an
operating current Ic having a predeterm ned current 10 val ue according to a
drive stage ofprdiekd denrecicedanee @ath eukpvlutbetmtBakidus wohh; respect
to each of the sem conductor chips CPl, CP2, ---, CPn and supplies it in
common. Here, & hehidl mergti sgene @D dshdifitcuieyis@Br stheishisf23aeghgter 20D
(shift register sections 23a and 15 23b), the current storage circuit 30D
(current stor:%g%D fs@ctﬂlélr@l&@a’ &%d 1BBYY, Stle suiteht cironate €0Pcuit 30D
(current stora se |ons 33a and 33b), the input side switch circuit 40D

(switches 43a S did eRe 5@Pﬂutaspéér§ﬁﬂﬁﬁhoélPEEFFOQQEFEQQe t he
structures 20 e \@J ent. 1o, t hose l%at he second enbodi ment
ment i oned abovg1 oy 197 i nat??@ PhefPLRt G Yt SPHEHTHMONere, the

e Jene Gl %Lih&#ﬂ%ﬁ%% BE ol 106088 3R001 LEG  BEmgRNTLCt of

chip anpng a _ _ |ty senmi con |ps
each having a fid Gddpee@ficdy abirfad; Nghdingith®e 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 CP1, CP2, ‘*+ CPn
each having a circuit configuration including the

current storage circuit 30D formed thereto.



current storage circuit 30D fornmed thereto. 2 4 A U G 2006 53
Alternatively, the sanme circuit nay be fornmed on each of the sen? dohifu 2808y
chips CP1, CP2, --- CPn, and any one of them may be used to cause ot her
sem conductor chips to enter non-operating state or to be bypassed. 5
Further, the current generation circuit 10D nay be forned on a

sem conductor chip different froma plwality 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 enbodinment is 10 fornmed of a

sem conduct or pTRlehbak veuoh aBeskagbtectrysitlmay|beoferméddon tsadrmterial is
not restricted in particular. In the current drive apparatus having such a
structure, by cdxebtet isegpithedopépat cbhpsi @PLarCP?, t hatCPnl5 agfd taimg
above-descri bed second enbodi ment, the operating current Ic outputted from
the current gemer afi hemcmpyube m@Edl§Osgppﬁﬁe@th©rtﬁ%m¥@@ﬁﬁﬁﬁﬁ®@

sem conductor chips CP1, CP2, --- CPn_ in common, is sequentially
fetched into &HEPSf L8 ﬁ&FﬁroPOPhépéﬁﬁFéﬁg §F6Fég%r2©°s%%t?¥ﬁﬁﬁ§ﬁ§é and 33b
in the urrent st IFCUIt 30D provided in_acc g ce with each of the
sem conduct or T %ﬁ ¢ gpsrent. &gﬁra han C%B?V%ﬁ ﬁ@l%ﬁyJ%?tage

component is IdedF%%;gergggggngugggEegb §a§§9f89eﬁpefr3ﬁ|§age conponent

held in the ot currtent ST Ault aneously outputted to

the corre- spgnding ;kqadst %@ug@maesneuaeek LREBLNab1 Togho Of .. eaeh
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 CP1l, CP2, -+ CPn.



of the respective sem conductor chips CP1, CP2, - CPn. 2 4 AUG 2006 54
These operations are alternately and continuously executed. Thergf,o56 20606
according to the current drive apparatus of this enbodi nent, only the
single current 5 generation circuit is provided with respect to

sem conductor chips, and individual current circuits are not provided in
accordance wth the respective sem condictor chips. Accordingly, the
circuit configuration formed on each sem conductor chip can be 10
sinmplified, and the nunber of termnals can be reduced, thereby achieving
m nimi zati on ahelshecpppacabys seal 81terndesl gaged i dotbhenpsweiliet cost.

Moreover, even if a plurality of sem conductor chips are provided in
accordance W telxelcheedunber of the output termnals 15 connected to the
| oads, since the current having the uniformcurrent characteristic
supplied fromthe dhegleforeur penprddnocéocthebeuneedti drivieé current storage
circuit in each sem conduct or chgg, irregularities in  the drive current
bet ween the r éPpacEitis @it fhts26mPefiipals andY bebfedthnthe FEittive
sem conductor chips can be su@pressedv.thgrebghdriving each load with the
uni f or m2per at9e1F redPRc CEFFELFc 1S SPERYEFEAI VYR hePReCT at@r - descri bed
di spl ay panel see Kl G 15% .even_|j g ; g? f_displ L sis 25
increased in 6% OPGUFESI $B1PRe ﬁhéhi g%?#l ?%n8%¥g%ﬁg g?%%ﬁ%? i mage
quality and/o%f% B%EQ%r%%ﬁ%%B QB EBEOrdance with the respective
semiconductor chips. Accordingly, the circuit
configuration formed on each semiconductor chip can be
10 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
15 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
20 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
25 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



di spl ay pane

and the data driver is constituted by a 2 4 AUG 2006 55

plurality of driver chips (sem conductor chips), by sequentialk% aﬁgg@@%ng
for each row the operation to sequentially supply a predeterm b r t

accordi ng
circuit to the current storage circuit
si mul t aneously supply

to display data outputted fromthe single current 5 generation
formed on each driver chip and
the light emttingsdrive current (drive current) to

each light emtting elenent with a predetermined timng, the display data

for one screen of the display 10 panel
and the

_ the : can be witten in each display pixel
| ghty 19/A04ItRY @PekaL kN chaB s sBRE EQRAREL ¥t Bh 8ps PI esket er m ned

bri ghtness gradation. "Therefore, inmage information of the high-definition

and | ar ge- scr eRiyucsitZ@103N rbpeaxeall €atl ¥adhspbrythbi bpesappsessd ng is
occurrence of display irregularities.

<Fi fth Enbodi nent of Current Drive

Appar at us> Fl Gedhdrs ialiny mapplyt auptedaltevinénedhouwrngnt adcdtdimpbodi ment

of a current drive apparatus according to the present invention. Here,

t he

same or equi vdlemisrl@yw cedrenvérhttedalfsonetbeessngbet aveseriui val ent to
those in the first to fourth enbodi nents nentioned above, thereby
si npl i fyA ng ordSRaLATHEN g FCHtr LoekPrRaRHEFBRT FheIBERreh¥tCWttve apparatus

according to this 5 enbodi nt can.he preferab applied to driving of,
9 gg B E¥a§§$usf p{y 9

e.g.,

a sinpl

10

15

20

25

RS 011 FEEIPERTEY pANEl pled Bl Y sup
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
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
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
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
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



and this can be applied to a drive node which displays 2 4 AUG 3896 5&
desired image by performng a pulse wdth nodulation (PWW dri YGe N@
supplying a current having a fixed current and set to a supply tinme (pul se
wi dt h) according to display data fromeach output termnal to 5 each

di splay el enment (load). The current drive apparatus according to this
enbodi nent have a plurality of sem condddtor chips, conprises a circuit
configuration which is the sane as one group including, e.g., the
predet er mi ned nunber of 10 output termnals, current storage circuits
provided in acdestiaadeimbgd bhepoufputineraimalss widiii fodwdgitstoar  and
switch circuits described according to the fourth enbodinent, and has a
structure that Pe¥thdsivgl modaphy seripkehtd st orwgeens maling @ gridEded to an
i nput portion 15 of this circuit configuration, As a result, the operation
to fetch a fixugrentrent Fatotehd TWPPENtEiBR ofRIYSTIWARRY for each out put

termnal on the sem copducgtor.chip can_be sinultanequsl erfaorned on the
respectively §€ﬁPE§ﬁB§CE8r85ﬁPb§yiﬁabﬁrgf?%lgaﬁ 3&)3#&3%%#%1 0'Lng%concrete
exanpl e, al t hou sgriLpti L1 iven as to the case that the
presentBinvenFFgE g?gﬁ%g I?ggm?%ka(% ?%gture described in connection with

the fourth enbOdi”%ﬂ%’ch%r%ﬂ@ Reibbkewhseatnp! 466o+Qindyo Oiied enbodi nent.
25 As shown in FIG 9, the current drive apparatus according to this
enbodi ment i nghydesmanei hewkta 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




configuration which is equivalent to, e.g., the 2 4 AUG 2006 7 shg%@&yre
described in conjunction with the fourth enbodi nent and have t b A

predet ermi ned nunber of output termnals Tout, a plurality of current
storage circuits 30E (current storage sections 34a and 34b) provided in 5
accordance with the output termnals Tout, a shift register 20E (shift

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

circuits SOE. Furthernore, this apparatus conprises: a 10 plurality of

sem conduct or s¢hiupsuERlde EP2ibed- i KPRoRRGRCt haN i Mgt RNthaptdusym t ch circuit
60E which perforns the on/off operation based on a shift output (switch
changeover si gmbbpifoenm andohawkl tisératedesbéihined egusher @f eondguDl
portion being formed thereon on a is front stage of the circuit
configurationterménalat Tant,i applupatitvnofocwhrentt frecnpee saairrpicidrent Ic
outputted fromthe current %eneration circuit 10E is supplied and an input
current storag@EcilcearentoEtarpreR SeetepRs ARy ABFd3%ah RIRFEShG ur rent

I 1 tted 20 f . t] i it : dth i |
cﬁr?gn?%beﬁerQFFBR%E%SEE%EEEBEh egg a&tgg?%%iggtﬁ %%EédggéﬁﬁFﬁézlggesating
To toct . - . o .

oo The. oFeMEsEEIRa0E! (SpiSETHERRCLEL DKL BRe Fha MG 2any, AT L7

(shift registen 384hkons24ApA0ds240) sullen EVEEEDEsSIOE AR Pt T SOF
(current storage sections

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

10 plurality of semiconductor chips CP1, 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



34a and 34b), the input side switch circuit 40E 2 4 AUG 2006 5% (ﬁﬁfbﬁges
44a and 44b) and the output side swtch <circuit SOE applied to i)

enbodi ment have the structures equivalent to those in the fourth

enbodi mrent nentioned above, thereby elimnating the detailed 5
description. Here, the input switch circuit 60E provided to each of the
sem conduct or switches CPl1, CP2, --- CPrmb8 perforns the on operation based
on a shift output (sw tch changeover signal) sequentially outputted from
10 a non-illustrated shift register (or a control portion), sets the
operating currertitkhegupat tad fnbm ahbdetharsetpuygenedatswitaircuit 10E to
the wite state in order to feed this current to each of the sem conductor
chips CPl, CP2ircuitCBAE apgldedttol thia edbodimént havneethe hat the
operating current Ic is fetched into and held in the input current storage
circuit 70E. Bigvctpuesceduéialendr hgetbpseuin 7oE haur theembedinanst e

equi valent to, e.g., that of the current storage circuit in the first
embodi ment memendieaedo akpyte, thersh¥sel hieinperadi hye cdpfahtedc out putted
from the current qeneration circuit 10Ewith a predetermined timng that
the inpdt swi ¥ EPEGPE 60E enters the on state, holds a corresponding

yoltage component, wnd oubRulnsiie Qpekel! egreuaeet@bgggreﬁﬁgdoeothe hel d

25 vol tage conponent” € current storage CIrcui any one of the
current storage Secld eRe 348:12088d34Rbr 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 CPl, 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 34b)

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



t hrough the input side switch circuit 40E (any one of 2 4 AUG 2006 59 the
swi tches 44a and 44b) in each seniconductor chip based on an out put Akhai6e
signal outputted froma non- illustrated control portion. In the current
drive apparatus having such a 5 structure, the operating current Ic having
a predetermned current value outputted fromthe current generation
circuit 10E is supplied to each of the %®m conductor chips CP1, CP2, ---
CPn in conmon, 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 sefitensductaranahiips) CPi, e&FH2, semicdRiuaidh chip
predeterm ned timng, and a corresponding voltage conponent is held. In a
first operati baspdr bodanacutpuéenenbadedsbdgnal Soutrpuivotd afyeorconpmrent hel d
in the input current storage circuit 70E is supplied to one storage
section of théllustrefiedscortgelcPPELIPN30E (e.g., the first current
storage section 34a) through one switch in -the input side switch circuit

40E in common (e.gIR the FPF§F“§Od§%W€CﬁPEﬂ5§tPﬁ %%Ehn%fs?ﬁ% %em conduct or

hi CP1, di hel d.
Ztlﬁﬁls nDnenF%I&CEHFFethSa§88r8ﬁ£%§Z @gF%Qﬁ e %%%W%ﬁ?paﬂfgﬁ th bgen

al ready hel d g@%&%@ﬁf doggrrgker99§u§68{;t§utt@d omggg%uﬁa{@ge

circuit 30E 2 second curren age section
si mul taneous! yeQutRY¥LLRdca8-A:idrh¥e ¢Yrsaph1idy 8 &den of the
semiconductor chips CPl, 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 CPl, 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.



respective output termnals Tout. 2 4 AUG 2006 60 Subsequently, with a
predetermned timng after conpletion of the first operation period, the
operating current Ic outputted fromthe current generation ci 24ubdC 209E i s
again sequentially fetched into and held 5 in the input current storage
circuit 70E through the input switch circuit 60E provided in accordance
with each of the sem conductor chips CP4p CP2, --- CPn with a
predeterm ned timng. Then, after conpletion of the first operation 10
period, in a second operation period which is set after term nation of the
fetchi ng and hol di rgipenaAintQy, ofvithhe @iedaiterfhitwdr éilnihg kftert he i nput
current storage circuit 70E, like the above-described first operation
period, the cmmmyﬁeﬁmmedﬂbmhehéivett@@eramdpnnpatibdbdths pperaeingput
current storage circuit 70E is supplied to. the other one storage section
in the currentcunmandgd ¢ GUtpUitteB0ErEa. fhe cherenikr eanesadiage section 34b)
through the other one switch in the input side switch circuit 40E e.g.

the switch 44t5511icr¥11é%1c,1f9E0f15t ﬁ‘éla’é@ §§ﬁu@@r¥d@étlé(r f@ﬁFB§dCP¥t°CPQd beldcpn in

I 1 el d di t. t
PR o mornt (e 07 SR ASEa o FREAG Bg8 CatbmiBHoRnERRER Fﬁrgﬁree "
storage sect| O%@gt 08 G4 LS Q0R0% UL 1AO0BCL B GanoLh chT T ont
n

st or age sectio iTst opération perlo S| mu aneously

outputted to tde esPasld Wi @ Mhals Te4l as22 - 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
circuilt 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 CPl, 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.



drive current Idv. 2 4 AUG 2006 By repeatedly setting such a series of the
operation periods in accordance with a predeterm ned operation period, the
operation to sequentially hold the operating current Ic outpd?ﬁéWGfﬂththe
current 5 generation circuit 10C in the input current storage circuit 70E
in the input portion, supply it to the <current storage circuit 30E on the
rear stage and fetch it into one storade 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 1dv to the respective out put
termnal s Tout at Baneeptatedayesattiéngasetlh ansgeroesiafiotisdy execut ed.
Therefore, according to the current drive apparatus of this enbodinent, a
current out pubpedatiom rebiefe ipnyfeckderentViehet RyILI A ftkntial |y
fetched into the input current storage circuit provided in accordance with
each sem cond@BesptéRPpPeFiofds FRenCPEER EHRRY ?%t%%%ﬁﬁp?kﬁ%ﬁ¥i$q%éecurrent
storage circuit on the.rear sta rovided_jn. accordance w.th each output
20 terninal iﬁ%ﬁaPB?Féglpﬂ EﬁﬁﬁeggnfgoﬂﬁgB?B#e%hffﬁma. TP ol | ecti vel y
outputted with g.predeteraingd ty ging, + geUlrrddd SOAIgd 1 €S N the

er

drive ¢ rrentgéBg feen 't s respectrve ol pu?néernlna S can Dbe ~ suppressed,

and the OPEr alch ABut & heECHRt Eﬁeci'ﬁf)@ﬂtpéfaf‘{:i)og? Lhsp opr 1€t Sty age circuit
0

corresponding to the output termnal each sem'conductor chip can be
performed betweeanthetbeapectiyeusenBoRNONCtRE coapsstag@admd |Btch
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 coilectively 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.



2 4 AUG 2006 62 Therefore, the tinme required to fetch and hold the

current in each current storage circuit can be prolonged, thereby sgtambey
effecting the holding operation in the current storage section. 5 Here

this enbodi ment, the operating current Ic fetched and held by the

current storage circuit

nput

In

70E provided in accordance with each of the sem -

conductor chips CP1, CP2, --- CPn is seqientially fetched into and held in
a plurality of the current 10 storage circuits 30E provided in the

respective

sem conductor chips CP1, CP2, --- CPn, and it is output

from t he respatlere€oeut, ptihet eifienabgulostl 86 fébehsan® hor® wé h a
predetermned timng. The drive current Idv supplied to each |oad through
each out put lxureemtnah Teoh becores atcvagtanircuitepénhawi ng the

current value with each timn
pul se w dt h ngPlenoed  (Phrye
according to this enbodinment, for exanple, as shown in FIG 9, by adding
20 a PWM cont FHISTEtOn ER65BSh FURRPRR gp

stabhy eREeetipentherhokdippar at us

each output termn Tout, and .t he disgla element (|l pad) and an
Aol FE8 Poetalhtto

application time off % Eulfdit FHOFSNE

by pul s6. w di FFNSHICaCran “CROREY 1o A58 CORTPEF ErYERE Sy be
integrally forpd proRieRen 18 alheraaateondent QhchinbpStiflseP2, --- CPn, or

10

15

20

25

conductor chips CP1, CP2, '+ CPn is sequentially
fetched into and held in a plurality of the current
storage circuits 30E provided in the respective
semiconductor chips CPl, 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
terminal Tout becomes a constant curfent 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
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
caused to operate by pulse width modulation (PWM).
This PWM control circuit 65E may be integrally formed

in each of the semiconductor chips CPl, CP2, '+ CPn, or

ted

sane

g. Further, in order to performdriving of
14

SpRay SRERIPN-is supplied between
GHET & EohCr ol | ed




2 4 AUG 2006 63 it may be fornmed on a sem conductor chip different from
the respective sem conductor chips so as to be electri- cally copmect g to
t he respective sem conductor chips CPl1, CP2, --- CPn. 5 That is, in a

| at er-descri bed sinple matrix type display panel (see FIG 20), by
sequentially repeating for each row the operation to supply a |ight
emtting drive current (drive current) @&aving the uniformcurrent
characteristic and consisting of a constant 10 current set to a supply tine
(pul se width) according to each display data fromall of the respective
out put term nal sagf behEodmedeoncai psmisendconetctlorp cdi H&Yrerdorfstont ut i ng
the data driver with respect to the light emtting elenments (loads) in a
predet er m ned tiiespeapectiper senicohdudiepl eyipat e fay endPS@ &I t he

di splay panel can be witten in each display pixel and the light emtting
operati on cancBélyeFPBRrAEHSH £A BhepF%EBF%thﬁeﬂeTﬁ??ﬁl9ﬁﬁﬁfgﬁ i on.

Thus, desired _image_.inforpation can be excellently displayed while 20
suppressi ng oE@&rrgﬁge of Yplay irregularities. <Sixth Enbodi nent of

Qurrent [Drive Appanalyss 1 G, 10,183 RELEREXT! LUGbYE Bkt Bl S N0 &

si xth eébodinent of "a curre ri've “apparatus accordi ng 0 the present
invention. Herg BaB101 sequirYal enb) , 29y 1 6L&hERELa NINTEF @b Satdhalipt €

structures eqU|v§F§§t to those inthe first"to fifth enbodi nents nenti oned
above, therebys @Rlchf ¥bRgtae ebeRhBabhNgot B€bHly 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
emitting 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 can 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 viéw 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




2 4 AUG 2006 64 explanation. |In the structure described in conjunction
with the above-described fifth enbodiment, a current drive appaJ ai4s2006
according to the sixth enbodiment has a 5 structure that an input current
storage circuit provided in accordance with each sem conductor chip has a
pair of current storage sections provided in parallel. In the follow ng
concrete exanple, although description @l|l be given as to the case that
the 10 present invention is applied to the structure described in
conjunction with the above fifth enbodi nent, but it can be |ikew se
applied to anyesgtlleratdmnodi nent. Specifically, as shown in FIG 10, in the
structure of the fifth enbodi nent (see FIG 9), the 15 current drive
appar at us accor di ngit dhehiss ravdsodiersisis dydded dnr gendvacthan ahthnpue
current storage circuit 70F provided_ at an input portion of each of sem -
conduct or chi pPaerdegmyibed. f&5kh gEPgddBentpapr CBE TR fERYS st or age

sections 71la and 71h arranged.in 20 rall el it h ot dindivid
o Ch ol f Coi (APPAEGE n G BOE (58 00 Lk SUTTDOEYORORRERE BRE Bf tho | o
current stora ti 7 i . i t sid d
CUTTENt T U AR IR AN A S R0VLRog0 cpmpRul B de an

structure appliag, {29 Nt 2MallAkNas-A SEhYEbHRRCEAN! ¥ALEN,40 L hat

of the fifth ment nmentioned above, thereby elimnating the detailed
structure. 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 71lb arranged in

20 parallel with each other and individual switch circuits
60F and 80F used to selectively connect one of the
current storage sections 7l1la and 7lb 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.




2 4 AUG 2006 65 In the current drive apparatus having such a structure,
an operating current Ic outputted fromthe current generationcﬁkiqﬂjtZ&gF
is supplied to the respective sem conductor chips CPl, CP2, i QS
common, and it is applied to the switch circuits 60F and 80F provi ded at

t he i nputportion 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 10 7l1a and 72b of the current
storage circuit 70F and hold a correspondi ng voltage conponent and the

operation to supplnn tHe eRer@hitndrétier eppaketlasadvoAgt BecKOkLt age

conponent whi ch has been already held on the other side to a plurality of
the current stsirageutiel,cant 8padktonglsurhentedc stopgestadefadhethat el y and
continuously executed in parallel. In a plurality of the current storage
circuits 30F awrnemd CemerstigascirhuispéPat isnsupptegdehei Bheéy fetch an

operating current Ic fed frogmthe input_current 20 storage circuit 70F into
one of the curfesRec$tidragemiseRfrsher3SR1IRAdCEBED WFEh 4" friddektter ni ned

L 0 Lhe gperatlon b0 SOLLECLNELY DULPUL LD sprLent Dgped o the
LY elY S BNl 38 BHBCULB, B BREAL B JUBT ECLR  ocor o no
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




2 4 AUG 2006 66 current outputted fromthe single current generation
circuit is sequentially witten into one input current storage section of
the input current storage circuit provided in accordance with eafh 6. 2006
sem conductor chip, 5 the current held in the other input current ét%+age
section is supplied to, fetched into and held in the current storage
section provided in accordance with eachsoutput termnal. Thus, the tine
required to fetch and hold the current in each input current storage 10
section can be prolonged, and the hol ding operation in the input current

storage secti urGambheipaibityd E#FrbhedheOdtinglffdr tiekensi BeBethEidRI ting time
of the operation to wite the current to each sem conductor chip can be
reduced or el igimatied,id beoeppliyllymerotteheidtbvendéSinputestirtent he | oad
can be prolonged, thereby finely controlling the drive state. .In this
enbodi nent, | ikendpe fseath canedditimenti npmEntuonedtabboeageheidenye current

| dv supplied to each |oad through each output term nal Tout becones a 20
constant curr eHOH&EARH G RECOTRBIEEr Mafkh ¢ache SRMERONERERCOY| FBB: Furt her

appl yi ng the BT SSARER TR St B CPURF GPPUE FOBESBROSEOFBSEi ng t he
PUPBlY U112 (L3S QLI g e SATSLAby M 1R 2Ryt oSgCkn! pRE. oot

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

15 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.



67 <Seventh Enbodi nent of Current Drive Apparatus> FIG 11 is a primary
structural view showing a seventh enbodi nent of a current drive apparatus
according to the present invention. Here, the sanme or 5 equiv 200
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 8 the seventh enbodi nent has a
structure that a plurality of 10 reference currents supplied fromthe
single reference current generation circuit including a plurality of
ref erence cur réavayde Exbiooiimeadt iocdnSuwirealt feneeabppaaatuskt put ref erence
currents having current values set so as to have weightings different from
each other are 15 ifdivildudls v maigany & taugtalriady véfewt showéher ance
current storage sections provided in accordance with the reference

currents and prettdy Fredideritents @ suCsrBEnGrigedpPparatubes of | oads are
sequentially ene.ateq;b ed_on th% prede%ernine nunb é of digital 20

i nput signals.aékgﬁéﬁy in PIFGP T EE St e YRR - dr ﬁﬁeapg FaP®8® Atcordi ng
to this rrbodig%pj ri ; re rent pQn circuit
(refer en5§e curr n%vaq%;ﬂ}er%?%gﬁ%&er E’ﬁ?“??g%egﬁgﬁc?ﬁgdF’ggﬂgéﬁéégef erence 25

current gener aldwiaaeald @3S chel nl dhenitiche kBAYiAHALLYogeREaL e and
out put reference currents I, 12, 14 and 18 to I ch welghtings of, e.g.,
1:2:4:8 are 2 thAdbWEimplifying 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 weightings 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 1lla to 11d which
individually generate and output reference currents I1,

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



68 set; a shift register SFR which sets a timng when collectively
supplying the respective reference currents Il, 12, 14 and 18 f%gk
reference current generation circuit 10Gto a reference current é&orage
circuits 90Gin parallel; the current storage circuits 90G each having a
plurality of reference current storage sections 91a to 91d which
individually fetch and hold reference cé8rents 11, 12, 14 and 18 supplied
fromthe reference current generation circuit 10 10G input side switch
circuits SWA each of which controls supply states of the reference
currents 11, sEt; hdsandtlBefiemetrhsFrRefvRl enNceetsr s ebimyemerlaédnhon circuit
| OG (reference current generation sections Ila to lld) to the reference
current storageldiectivel906upplhasgdtba aespathjveetebgransai t ch changeover
signal (shift output) SRs outputted fromthe shift register SFRwth a
predet er m ned QurFeag§s ddvpde sLdeasdi £8hfedi fEamt Shegraferenee current
generation circuits) SWB each of which selects an arbltrar%ureference

current 20 sﬁ%F&G@tSQEPFSﬁtFﬁntﬁérFBFEréﬂ@etEU?rEﬁfeE?%?%g ket ons 91a
to 91d constityti t he ref t nbi
(adds) t %hesrgfg? %@ c&ﬁf?éﬁ%ggﬁglgHr%g?ﬁélgéfe_ %dg?%gg?énigéi C?enlnes
storage SeCt'éy}éHT%sggg%rEEEﬁ ﬂa@Hh@th hﬁrQ??EngfoPéfgféﬁ e 25 MM ned

current value corresponding to a dri ate 0 a plurality of

current stora%rcrlern%wstt%r%g@ whiehonar 81Rr e¥i ded LWRiakCcoRdapceua iH each
output termnal 2 4 A

fetch and hold reference currents I1, I2, 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 I1l,
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 9l1la 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



69 Tout and fetch and hold the current |Is generated by the output side
swtch circuit SWB with individual timngs; and a plurality of 1g§2m
circuits 40G which are provided in accordance with the current %?34 g g
circuits 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 r&gister (specifically, this is

equi valent to the shift register shown in FIG 1). 10 In this enbodi nent,
the structure having the reference current generation circuit 10G the
reference curoentastiofagehcanduhdl®Othetderremputl sigknewditash bxittheuit SWA
and the output side switch circuit SWB has a function as a current

gener ation ci potptitwaida $81igemesiresibndWBuvpth sindievkditalerftiniafdvi ng a
predeterm ned val ue according to a drive state of each |oad. The structure
havi ng the cuppent BEBFagétycPf caviscBoe Bad the! iR i ts 40G has a
function as a current,storage circuit described in conjunction 20 with the

fﬁregoing enbBAPHEALE. 1PeRECOFAaRAR WhtRehte dr A p pir &t 342 accor ding to
t hi di t. th t i | i -~ M f th
|'S emhodi men Ec;llajgts,sgpﬁcagéecg)rq rggl Qgs{l %?;§g§t§§r%%gkp§dcmq;r 0 e

out put Perm n&t e®Clr Fént ~stora Cuits fespectivel y

provi ded 1n ageordagoengSottplic! BeqoubRytcherrtagle Fmtue thged nput Si de

switch circuits the reference current storage circuit 90G which

generates the jpredeteskbradeCHireitt! S06UBREEG 0N Oa 2t IS 206y 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 40G 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



70 the current storage circuits 30G and the input side and output side
switch circuits SWA and SWB is determ ned as each group, and each r? i's
formed on each of the sem conductor chips CP1, CP2, --- CP2. Fufﬂ ) @ﬁe

5 single reference current generation circuit 10Gis provided with respect
to the groups (sem conductor chips) in such a manner that the reference
currents 11, 12, 14 and 18 outputted framthe reference current generation
circuit 10G are supplied in comon. 10 The reference current generation
sections Ila to 11d have the circuit structure (see FIG 2) equivalent to
the current generatirsanti stcandgeesiordleds i 306G aowbridendepaitt s itdee afngr egoi ng
enbodi ments, and it is possible to apply a structure obtained by

appropri at el yoiispdess ae ngvi beh c¢keaiit e ofA arhtSWh s e Nesh@Sr  t hat
a ratio of the current values of the reference currents generated by the
reference curfafh gepuPatpdA c3ERtFoPP |13 Tormed WeEards P tge 1:2:4:8.

It is to be noted that the shift reglséggdnggzthe refﬁrenc

, 20 current
storage circuPt®igoelErEpEr ehtRS cCthtent ag&? seftfs e§1a%F8 91d) and

(e LTPUL ST OB O SLLELL CSUARPPLLESLLE LIS SRt fave the
ont0or 00 O RHLTERLS o e Elpebl DD A, O Al by anaton.
current gener%h&@@)pQEiQQCh2a4m£$KEQOQﬁat the reference currents I1,
I2, I4 and I8 outputted from the reference current
generation circuit 10G are supplied in common.
10 The reference current generation sections 1lla to
114 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 lla 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,



71 the reference currents 11, 12, 14 and 18 to which the current val ues
are set so as to have the weighting of 1:2:4:8 by the referenc? .f%gheznﬁs
generation sections l|lato |Ild constituting the reference curren
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 dilde switch circuit SWA. As a
result, the switch circuit SWA sequentially perforns the on 10 operation
with different timngs only in a predeter- mned period, the reference
currents 11, fiZe Aefeamshds cwutenits edl f ricm tTe aret diferfoe whidichehegener at i on
circuit 10G are sinultaneously supplied to the reference_current storage
sections 9la Cervdelt EMHIeDraEs pifiidi TR 285t draveydheomsdvdtiddard
individually held in the respective reference current stor%ﬁg sections.

Subsequent | y, 1i f &' @UPY ehit® otR HRACTHS | Ok T Yt (ARDE TG 49T S&HY O Schangeover
i | SRs f t i ft i St ER i | et ed 1. the i t sid

s teh 20 ci r bhFt £ St xR o ey ST DI F R voltage. ¢

componegts cof rggggpﬂlaggc{?cﬁi]@n{@é gagleé"c%er?éga(teé'ﬁ Saﬂc!gbo&tjp%ﬁtjeﬁ,a%ﬁildlfs are

held inTall tﬂ% ref @&rénce curre orage circults ereafter, an

output enabl e, gjgpal ENEniSo@PP!ifchiD $He SEhEIONGE GHIFRPutRlRr age 25
sections 91a to 91d froma non-illustrated control portion or circuit in

comon, and dgbhathéNPHicsi gogl sted NIFR 014 Nde quentainpl 1 yedhppd itdae taut put
side switch 2 4 A U G 2006

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 Il, 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 11,
I2, I4 and I8 are held in all the reference current
storage circuits 90G. Thereafter, an output enable
signal ENs 1s applied to the reference current storage

25 sections 9l1a to 91d from a non-illustrated control
portion or circuit in common, and digital input signals

INl to IN4 are applied to the output side switch



72 circuits SVWB individually provided to the reference current storage
sections 91a to 91d. As a result, for exanple, only the output Md 'Ech
circuits SWBto which the high-level digital input signals INL ?o @Nﬁ%@
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 residt, the currents Is having the
current values according to the signal levels of 10 the digital input
signals INL to INdA are generated. Subsequently, in a current wite period,
the swi tch chargeoter SEBghadisvBRiI4l b proroided | st tlat etk Lesturfae regi st er
are sequentially outputted to the switch circuits 40G As a result, the
switch circui cergeotistesagenseatrionea?ty wut2tte s cperedildn FfYy in a
predeterm ned period, the currents Is supplied fromthe reference current
storage circufKaop&et hPBUYhtRReOUBRFHuF1<F d® EhFR cht TFHT tS" &N Car e

tiall li ed and. f et ched i nt h t i ' 20
300 “and corr YBHERAFAG DOPRaCETEoNBORLNES LR hertEnatn el 1P A4 i ve
current _out put ri . t.h t | i EN..i f
OO oy P L RhRT s o BeP B prenahl Soshanaly Sks SutaAS T om 8
with a predet %é\%@ﬁ‘éﬁt bakBg LA EREMRB;qCYEIENtS B e Htdhe vol tage

conmponents held in the current storage circuits 30G are simultaneously
outputted as dreeti¢dlyebhspheévetip &he tREPECEsTerdmedscuhraugh die 2 4

AUG 2006

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



73 respective output termnals Tout with the sane timng. By repeatedly
setting the reference current generation period, the current olitpAUG 2006
period, the current wite period and the drive current output 5 period
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 ewbodinent, a plurality of the 10
ref erence current storage sections in which the reference currents to

whi ch the current values are set so as to have weightings different from
each ot her aregespdittinar ichiypsel eetradnbasedoan whehptrdetensi bedimgirber  of
the digital input signals, and the reference 15 currents held in the

sel ect ed ref er ence lwrregtatstddivaget tsect itbres rafereonbi nedrehh thi s nanner
predetermned currents of the anal og signals corresponding to the drive
states of the daymdatdion pemdrdy edhet kurspataphbRutt BerdPd, t Beecurrents in
the current storage circuits 2Q provided at the respective output termnals
is sequentialfyriSitctdde BSd1PRe 2RE §PeuFFeéNEsCRFEenE| AFPRReous! y

supplied to the respective |l oads as the drive currepts with a
predeteghirmxiﬁqﬁﬁ .d%ifﬁ&bepe§§PW? &L8cRFBLH2RER Bégépérated in the drive

state 25 excelhgq}“y C rr%PBEQQqu 1.0 &@ﬁ inQHE iigggl &Ltﬂ a relatively
pre er ne aOrC,ehereO o} e

si mpl e appar at'us Structure. “EUrtherno t erencé currents having the
un'for”1CurrE”Bpé%é%égugnz%Q@redetermined 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




74 characteristic outputted fromthe single current generation circuit are
supplied to the reference current storage circuits provided ihianfoleénce
wi th each sem conductor chip in common, and the drive 5 currents are
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 outpy4 termnals provided to each

sem conductor chip. 10 In this enbodi nent, although description has been
given as to the case where the structure described in conjunction with the

first enbodi neRthstappkied 85tphEreQUELBA tRELOLAGYPIELideMidntit IS possible
to apply a structure that a plurality of the current storage 15 sections

expl ai ned wit hehefrarenaectiecthe atbesupphbedi tentise arefgravieled and the
operation to sequentially fetch and hold the currents Is supplied from

t he ref er encecoureent ssborggectrcuiitsspandithd inpecearidant® withl t aneously
output the held currents as 20 the drive currents through the output

term nal s ar eeaght sepacehguekesuchdr Speepmienl | §mdihey d&1ee - descri bed

di splay panel (see FIG 15), even if the nunmber of the disglqéafixels
(1'ight &nittifyreEedisnese PERESREEY PAEREaSBITRA BRHRTCDES t o FERtSe a high

definition of _the display i.nmage ual, | nd/ or | arge screen of the

di spl ay panel #8né rﬁﬁglgatétdgﬁvggsébhé¥r38tSécﬁgl%pB rAfPRYESY the 24 AUG

2006 irreqularities 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



75 driver chips (sem conductor chips) is applied, the reference currents
outputted fromthe single reference current generation circuit
sequentially supplied to the respective driver chips, the light emtting 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 emtting elements with 10 a predeterm ned tim ng.
Therefore, it is possible to realize the display apparatus which can

excellently supRIASTHiPLIWeiidon@scitbrt Baibisght seappliag, dehye currents
bet ween the respective output termnals and between the respective driver
chi ps and per frfarardd b @gnadabuapuditepl &y oexchkl shhiyecpefeseoaei ng to
the display data while suppressing generation of display irregularities.
<Ei ght h Enbodiawemtendf gRurareriti obr icdechppacanude EeGuenRiasly pupphigd
structural view showing an 20 eighth enbodinment of a current drive
apparatus acder dihfy PRI iptee SR e ¢ddPisen theef éght hems hrengr

equi val ent reference nunerals denote structures _eguivalent to those in the

sevent h enbodidreite BIRLG TS (2058, SiNdedy SevpRef FRRgCBFI8RF i nati ng

e 25 AP A e S Vet Sesriben Lo goapesien WD the
(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 ilrregularities 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 explanation.

In the structure described in connection with the

seventh embodiment mentioned above, the current drive



76 apparatus according to the eighth enbodinment is configured to conprise
in accordance with each sem conductor chip a pair of referencegupp@rnos
storage circuit portions including a plurality of reference 5 current
storage sections which fetch and hold a plurality of reference currents
outputted fromthe reference current generation circuit and alternately
execute the operation to sequentially hohg reference currents supplied
froma single reference current 10 generation circuit by a reference
current storage circuit portion on one side and the operation to generate

predet er m ned JgyneRls Aceording 8 dnkvei atat esnehiheadsiby a reference
current storage circuit portion on the other side based on the reference

is currents wWydstik@redbeen cakpeady hel dcicbrpanakl fithAsaghown in FIG 12,
in the structure described in connection with a seventh enbodi nent (see

FIG 11), the semircceniacdoirvehappar phus adcoedengnte thrseettbotonagd has a
structure that a reference current storage 20 circuit 90H provided to each
of seni conductarratitpporcrenscrpcludingPa péuprlisy afpaefenéneeur - bit
reference current storage circuit portions 92a and 92b respective

ref erence cur rftr efttosdga agier €t 1past Wbash EsfFbspbAdhebdt e ref erence

current stora sections 25 91a to 91d shown in FIG 11) arranged in
Al el it DA Gt e SRS RS GUAECOhP PHEEPEERR: Erahnting SvB  used

to selectivelxﬁ;egﬂg&% E%x%%%togehg?akqgh'g&&c%i% NG g?@érnately

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



77 reference current storage circuit portions 92a and 92b are provided on
the input side and the output side of the reference current storage
circuit 90H Here, the four-bit reference current generation circuit 10H
has, 5 e.g., the same structure as those of the reference currzhtAUG 2006
generation sections Ila to |lld illustrated in FIG 11, and a structure
havi ng four sets of reference current ggneration sections which generate
and output the reference currents 11, 12, 14 and 18 to which 10 current
val ues are set so as to have weightings different fromeach other. It is

to be noted tRalfer@nker cotri-eatusesrappl tedchott oot eohodorRMinday®s t he
structures equivalent to those in the seventh enbodi nent nenti oned above,

t hereby el i m nratd mgoviieledlbndehai Laguexplidsathanthénotihputusié@atofiri ve
apparatus having such a structure, reference currents 11, 12, 14 and 18 to
whi ch current thel refegeacsecugoeas stolage werghitng8Hdi fHerenttifie om each
other are supplied fromthe four- 20 bit current generation circuit 10H to
t he seni condudicsir~bdii gefegencp currengpgenfrabiafBnCiafal swt PR @frangeover
signals SRs sequentially outputted fromthe shif egi ster SFR are
sequentital |y &l ired o SEHE SAFHCTEr§e 2SsWPER 8'rE%?tr% reRs®a result,

the reference 25 currents _are sequentially.fetch Ik L ndi vjdual |y
hel d in one (ﬁC%fﬁﬁﬂﬁ-%%nefﬁgngurﬁgFﬁoﬁgféé né% gggrg%?uggg%#ggel%ircuit

portions 92a and; 928 ofy e RHe&Nse RadifYCrélP6sets of reference

current generation sections which generate and output
the reference currents I1l, 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 structgres 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 Il, I2, I4 and I8 to
which current values are set so as to 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



78 current storage circuit 90H At this nonent, output enable signals ENa
and ENb are applied to the four-bit reference current storage circui& on
the other side froma non-illustrated control portion in co L
digital input signals IMto INA are applied to an output side switch
circuit SWB. As a result, the operation by which the reference currents
11, 12, 14 and 18 which have been alredty held are selectively outputted,
their current conmponents are conbined 10 (added) and currents Is having
current values according to signal le.vels of the digital input signals IM
to | N4 are akiereatekyoszhgeconttaiousby. exreutieds midwesref,oreitmdgcordi ng to
the current drive apparatus of this enbodinent, in the state that the is
ref erence cur eeabdehavigngldi ENer end ENbrene appliesd tutihs tfedhxfthom t he
single reference current generation circuit are sequentially witten in one
four-bit ref sedrsencer cenrestorhgeaghr eLreupbren oo fothr Fiderence
current stora%e circuit provided in 20 accordance with each sem conductor
chip, current ro@o@r@@BﬁﬁéﬂﬁétfétﬁﬁeCHPBFPéJp?F&&Rnsﬁﬁﬂﬁﬂqp%ﬂeiﬂﬁgnerated
based on the reference _currents Qel En t ot her_four-bit reference

Saht ‘3$

h
cur rent “st or age i Pcut P hoPt PBA; tﬁgy?ﬁﬁeag%dﬂ@% 1$115° St put t ed to
the 25 curren%u%% gﬁgqﬁgfgh#ﬁgﬁ 89rEﬂ§tr§ﬁE.Stﬂgea f@s&ﬂtf t, the time

required to fetc currents 1n the respective reference
current Stora%%e%a%iégeb§ogﬁich the reference currents I1, I2, I4

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 INl 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. As a
result, the time required to fetch and hold the

currents in the respective reference current storage




79 circuit portions can be prolonged, and the holding operation in the
reference current storage circuit portion can be stably perfOQWﬁﬁuG 2006
Furthernore, since the waiting tinme in the operation to wite the 5
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 th drive state. <N nth Enbodi nent of
Current Drive Apparatus> 10 FIG 13 is a primary structural view show ng a
ni nth enbodi nent of a current drive apparatus according to the present

invention. Heggrchhe %@ﬁ’@i@ﬁs egath Visd eptol sfed enaed e ral Id idenot e
structures equal to those in the foregoing enbodi nents, thereby

sinplifying obpesaeloni hatthg téhtéremapl anatéwn. stThmwguraigruidri ve
apparatus according to a ninth enbodinent has a structure that the
structures whpohtianecappbéeedtebly hecrfiormed. dr Fyethgpeors use @ cor di ng
to the foregoing enbodi ments and forned to the 20 sem conductor chips are
stratified anghg praEaRrpt §iBe iButRetoPRFATHRP stProvdteedt® an upper

sem conductor chip are connected to input portions of a plurality of
WoCh T

| ower séni condGECSERERI FEITFRTEhEC T biFFo heT e E SRENPT €T al t hough

descri ot on, aa.been 8l K8 B, L85 NP, E%, 8RB, LASt A S BipRPY gt on 15
embodi ment  meqii.0ned abeyerehtsCRE Phe! LE5UE SEARPHL | Sk nde£HUC 2006
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. In 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



80 to any other enbodi nents. As shown in FIG 13, in the structure
described in connection with the ei ghth enbodi nent (see FIG 12)24.¥U§ 2006
current drive apparatus according to this 5 enbodi ment conprises: upper
sem conductor chips CP11, CPl12, --- CPy to which reference currents 11,
12, 14 and 1Gto which current values are set so as to have weightings
different fromeach other are supplied fgom a four-bit reference current
generation circuit 10J in 10 common; and | ower sem conductor chips CP21,
CP22, CPz having input terminals T2in connected to a plurality of output
termnals Tl oo aegob@nRE tavbaemehespective upper sem conductor chips

CP11, CP12, --- CPy. Qutput termnals T2out individually connected to is a
plurality of |oadsAsHammwredoh Fafs.t h8,uppetheesiteanduee ode sbr pise P,
CP12, - CPy conprises: a reference current storage circuit 90J including a

pai r of four - kidnneeftéoanes thettheert gbtbr agbodimentt (peetFbhs BBa and 93b;
and 20 individual switch circuits SWA and SWB used to selectively connect
to one of the FrourcBirentefddidscarreypieft aseordgBIckPctirtSporti ons 93a and

93b. The operation to fetch and hold reference curyrents |1, 14 and 18
fed fromthe FEEFKBWFnFeF§W@ﬁ&§eédrPQﬁFr2§eﬁéﬁ8P§PFBﬂrc??%ﬁﬁtéﬁﬁﬁ’to one of

O et g B koo BRI PR B0 % o
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 CP1l1l, CPl2Z,
CPy. Output terminals T2out individually connected to

15 a plurality of loads.

Here, each of the upper semiconductor chips CP11,

CPl12, '+ CPy comprises: a reference current storage
circuit 90J 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 923a and 93b. The
operation to fetch and hold reference currents Il, I2,
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 fromthe shift

regi ster

SFR and the operation which selectively executes the operatlo?ébﬁﬂig@@ly

the referenc
ref erence cur
to the | ower
performed in

current havin

current storage ail EEUEt oatphe (ealtshagearsymdvears sl )

they are conf
18 and supply
through the o
exanpl e, like
sem conduct or
storage circu
circuit _porti
12, 14 and 18
25 with a pre
signal) SRb f
circuit SWC u

10

15

20

25

e currents Il, 12, 14 and 18 held in the other

rent storage circuit portion (e.g., the second circuit 93b)

sem conductor chips CP21, CP22, --- CPz are alternately

parallel. That is, the sem8ionductor chips CP11, CP12, ---
CPy do not include the current 10 generation circuit used to generate a

g a predeterm ned val ue based on an input signal or a

igured to output the held reference currents I, 12, 14
theeshtifti seghetepweFR sand coml irpera ohirpyidrn, CP22, ---
utput termnal Tlout and the input termnal T2in. For

igraFlf@oml 2, and

and
CPz

sehecabyedydeseribes Ebgh@mer%%wf@rﬁup@a)bﬁ% the | ower

chips CP21, 20 CP22 i.ses ference cur
FlefQGRnFﬁcFHHFﬁ@té B%url%f H)lﬁn Ffé’ rl'éefjrs‘:?'e]ﬁ‘(‘,e%1 t st
%ns 94a. a 94b_whi ch et ch_and hold refere urrents

PEG~ bﬁFoﬁ?€ﬁ§eﬁﬁﬁe?u§5ﬁP ondtc I ST T P -

r ent
or age
I,
CPy

dg g ed Lhang based; on ?@omtt@atweﬂsw tch changeover

rrom’a’non-i rated
%%%1%oﬁdﬁgtg&2gﬁ§p58@P21, CP22, '+ CPz are alternately

performed in parallel. That is, the semiconductor
chips CPl11l, CP12, -+ CPy do not include the current
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
the lower semiconductor chips CP21, CP22, - CPz
through the output terminal Tlout and the input
terminal TZ2in.

For example, like the above-described eighth
embodiment, each of the lower semiconductor chips CP21,
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 I1, I2, I4 and I8 fed
from the upper semiconductor chips CPl1l1l, CPl2, ‘- CPy
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

regi ster; an Input side switch



to selectively connect to one of the four-bit reference current storage
circuit portions 94a and 94b; an output side switch circuit SWD which
selects arbitrary reference currents held in the four-bit r ef er ericle AUB 2008
current storage circuit portions 94a and 94b and generates currents having
predeterm ned current values; and a current storage circuit 30J and a
switch circuit 401 which sequentially f&8 ch and hold the predetern ned
currents generated based on digital input signals IN1L 10 to IN4 and

si mul taneously supply themto respective |oads through output termnals
T2out. In thetouseérttdvele appaeatutohawengf stich fousthikctualferanster ence
currents 11, 12, 14 and 18 having current values whose weightings are

di fferent fromusaehti sterpee aiECBUppPPEHIPRON?{RcaRdLIM talt FHRMce
current generation ¢ircuit 10J to the u ger em conduct or chips CP1,
CP12, - CPy i fi€6ms¥ntchAndifRBIEnplib §PHE SHRTRATS cFTehF 2 SMA i s switched
to one of a pair of the four-. Dbi ferepce current, stora ircuit
portions 93a éﬁée§8n§§bCBSH§PFFu5FE§ %ﬂegﬁgfg?%ﬁg%l%u??éﬁﬁgé(%rage circuit
90J. As.a res e n re 1 14 re

i ndi vi difal I y ?’clé’t &Re F%@%gg%{jg%?g&%nﬂ%ggi&?%uga}%i%ncrigs?&ei? é%c’:% current

storage CircCUigleR¥atc@NSyurrafdst R8vOHEPHE 8L Heraihé & NG F Sl ty MBS
switched to 25 the other circuit portion in the reference current storage

circuit 90J based :orueuptt sesabbe signalis EdA andda Eobiedd @iseliection
control signal SEL outputted 2 4 AUG 2006 83
40J which sequentially fetch and hold the predetermined
currents generated based on digital input signals IN1l
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 I1l, I2, I4 and I8 having
current values whose weightings are different from each

15 other are supplied from the four-bit reference current
generation circuit 10J to the upper semiconductor chips
CPl, CPl2, -+ 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 Il, I2, 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 th ther @éde
are supplied as they are to the input termnals T2in of the |§h§#“§ 2

sem conduct or -chi ps 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, --83 CPz, based on shift outputs SRb
sequentially outputted from 10 a non-illustrated shift register, the input
side switch circuit SWCis switched to one of a pair of the four- bit
reference cur eesh st AGAGELThLECLE tedotdn sl Year @inh . M eomstsivtldti ng t he
reference current storage circuit 90K As a result, the reference currents
I, 12, 14 istandr&8eaercendivieits | I1f eizhett iand HhaHad haye he

four-bit reference current storage circuit portions. At the sane tine, the
output si de sheeshadreedythshd o they eEheE $H¢ AT DIHEPLSEES portion in

reference current storage circuit 90K based on the_ output enable 20
signal s ENc aﬁbeEnérSnHOtEEed%ﬁP¥%lt?ﬁ%h?a%?g?éh%;9$méh%) 4, and

arbitrary refer t st i .
t he reférenpese%EESEaﬁéggg,cﬁﬁggigsa%ée§%é%ﬁ?éﬁkﬁgigkgééﬁgaFﬁgagyrﬁ:ﬁgt’on
the other side.ace athLtaty,selechedafadregubi ned, 25 and currents |s

havi ng predet ér curren alues "according to drive states of the | oads
are generated andpsuppl itgd tarbheneHr EERLesESr 808 T2) Cld taddIi®nEddie 2 4

AUG 2006 84

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, I2, 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 I1, 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
predet ernined period 5 based on the shift output SR fromthe shi2f4 AUG 2006
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 stomage sections 30J, and the output
enable 10 signal ENis applied fromthe control portion with a
predetermned timng to drive the loads. As a result, the currents held in
t he respecti veegdrseagestorage sections 30J are sinultaneously outputted
as the drive currents Idv to the respective |oads via the respective is
out put term nals TReutowthh thersab® Isnfed.to Thee efwrmsntacderudigry to the
current drive apparatus of this enbodi ment, the sem conductor chips each
i ncl udi ng thecéueréht 387 or Blge swikeh tchesie £A0F wRIUemT ited Ifvet ch
predeterm ned currents and sinmultane 20 ous|y output themwth a

pr edet er ni nedPEFAPRY BPE OROPRRER BHPR PRAEN-Hth T & MG SaRe e 04

hi hi cal t t Th b I | yi h edeter- mned
Curronts or tHaSPRr BehEs Coffervetnet o Lral | o Be Goans dgper
sem conduct or  ghi pg, Ehﬁscférfgésféﬁhﬁ%gé*ﬁ%f%%éﬂé%“éhé?&ﬂéﬂgé%fﬁa%h.,
sequential ly supp Fed ts° a prarality of the T'ower sem conductor chips, and

the predeterpined;drbyR EHEE8Gh StRE CoGOhheCs i ¥e! oty SP!d 184 4 oG 2006
to the nore | oads through the Ffespective out put

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



termnals. Thus, it is possible to suppress irregularities in the drive
currents between the respective sem conductor chips and bet ween2thgueigput
5 termnals provided to the sane sem conductor chip. Further, the time
required to fetch and hold the predeterm ned current in each reference
current storage circuit portion can be prol onged, thereby stably
perform ng the holding operation in the8%ference 10 current storage
circuit portion. Furthernore, since the waiting tinme in the operation'to
wite the reference current to each sem conductor chip can be further
reduced or substantiably Bbadknahesuglanthé heessampplwe touwmwf the drive
currents to the | oads can be is extended, thereby finely cont rolling the
drive states. teknihhis.enBbbdsnent, isipeesihke ste uwtrprEessbt ai ned by
applying the hierarchical structure to the above- described eighth

enbodi nent hadrivegnlaestiebedn the dEiveSEreomis REHeVhsHrned on the

upper sem 20 conductor chips CP11, CP12 are dlffere t from those
formed on therﬁéﬂéﬁtégﬁléSﬁHG@P@PcéﬁFpghkﬁﬁlan Green uhQﬂﬁever for

le, wh | t t d bed t th th
Framl e BBl oA LACLNE S, SRR TRk, SP0 U o0 LD the

e eoma o PRI AORE SPRLFRCUL! sobanidmnallong 8 WG Z000

case that 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
furfher 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 CP1l1l, CP1l2, ' 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.




t he above-described current drive apparatus is applied to a display drive
circuit of a display apparatus with 5 reference to the acconpanyl hguG 2006
drawings. FIG 14 is a schematic bl ock di agram showi ng an exanple of an
entire structure of a display apparatus according to the present

invention, FIG 15 is a block diagramshowing primary structures of a data
drive and 10 a display panel applied to dgde display apparatus according to
this enbodinment, and FIG 16 is a schematic structural view show ng

anot her exanple of a scanning driver applied to the display apparatus

according to theBueReAt LAVENLL0Ay ABpésathewn in FIG 14, a display
apparatus 100 according to this enbodi nent conprises: a display panel

(pixel array) 110 ipeswhiphibat @tideaewi bedgprael agrtvea caseuita: DC and a
plurality of display pixels consisting of light emtting elenents (optical
20 el enents: ehg. abovgadescELbeteaentsnOBiYive cappamaiges] 13 repPiiecri x form
inthe vicinity of intersections of a plurality of scanning lines SL as
wel | as power tsuppkispllegndriveacinnygéll 86 asdizphbay papraratius ¢'iddch ot her
and a plurality of data lines DL, as schematically 25 shown in FIG 15; a
scanni n§ dri veeieseassi g GPPVACCETPROVLRII9HAWMREH i s connected to the
scanning lines SL and controls a disgl roup for each rowinto 2 4

. i xel
AUG 2006 87 a sel édf%ed L&t 4e 2pCRERG ﬁ{%%/Bﬂaéﬁaﬁgf‘%%& DRV 1 el
scanni ng Sign%xé%%ﬁ% %%'%geeggﬁggiQgrhhgﬁ§es%fmét§i§play 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




predetermned timng; a data driver (signal drive <circuit) 130 which is
connected to the data lines DL 5 and controls a supply state of a2si AuGil2006
current (gradation 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 predét’rm ned signal current (gradation
current, drive current) according to the display data to flowto the

di spl ay pixel group by sequentially applying a high-level or |owlevel
power suppl yavektagee¥sstite tihe poxeensipply doplesindga thoghddweldi spl ay
pi xel group; a systemcontroller 150 which generates and outputs a

scanni ng cont seknaiggabjigaataisel comt the stapminandrespdlerwisdp@ y control
signal which control operating states of at |east the scanning driver 120,
the data driveredstesninefiet Poild’ supprya IDLVRY verianel KHSStE on a timing

signal fed froma later- described displa i gnal. generatjon citcuit 160;

and a displ afFi&ryns) §eReVBtFRnRirel ?C%i/%% a%??hegd%Ef a6 di*spl ay dat a
based on a videq signal .fed fromthe ut spde of ' appar atus 100
and supgl i es FP%I Soggralﬁa?asﬁ?ﬁ%rsiﬁg? é%da g%ln%r;a e('gsu%lfélg%(/tracts a timng

i gnal Lock.and i ke) . | spl | di spl
data in the dlGEPAY PaHer 1i6 hnd 5 h ADC 00 B ST TReaE (6 the |
system controldyer 413Q. 1158¢hppl 4NEoRBEVEUSHI HCAM RS WMpdwaOVElsb 1y

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




concretely described hereinafter. (Display Panel) 5 As shown in FIG 15,
each of the display pixels arranged on the display panel in the matrix
formhas a pixel drive circuit DC which controls the |ater- oesuuGbzik
wite operation to the display pixel and the |light emtting operation of
the light emtting el enent 10 based on a scanning signal Vsel applied from
the scanning driver 120 to the scanninggdine SL, a signal current
supplied fromthe data driver 13b to the data |ine DL and a power supply
vol tage Vsc applied fromthe power supply driver 140 to the power supply

line VL, is ang-ailiieght tembt thagsgbemmntohprgante Eboel ements CEL)  whose
light emtting brightness is controlled in accordance with a current val ue

of a drive current ga3ppiIfi edet ABbOLOstThetpirkel willveowibeuit DC general |y
has a 20 function to control the selection/non-selection state of the

di spl ay pi xel doasedten vt dessecdaberdngesednakfterfetch the gradation current
according to the display data in the selection state and hold it as a

vol tage | evel(Dispd aapplapethe drive current according to the 25 held
voltage |l evel in the non-selection state and _majntain ihe operati on of

causi ng 3 i ght eni sdtforfhern i@ AlGght SenfeffngTelBReft SP+AY aPp¥RUR er ni ned
per o0 2,4 A0, 2000 52 MORELELS LA L1 XBMR! BPEL FLLSULs operalior
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 VL,

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.



Moreover, in the display apparatus according to the present invention, as
the light emtting elenment which 5 is subjected to |ight em ssion control
by the pixel drive circuit, it is not restricted to the orgaRibcAUg 2006
elenment, and it is possible to excellently apply a self-lum nous type
light emtting elenment (optical elements) such as an inorganic EL el enent
or light 10 emtting diode. (Scanning ¥dver) The scanning 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 is the

di splay pixels wth the disrl 2y rBuXel 8xBRpDE bP bheirselecdporsisi e by
sequentially applying the high-level scanning signals Vsel to the

respective scagnicng biRes dphveasedcantawsTtanpengesorived sdwgnal supplied
fromthe systemcontroller 150. 20 Specifically, as shown in FIG is, the

scanni ng dri weired@rcodpr thesdibplaybhpoksatidd, aSB2rding tSBrtlon a
plurality of stages shift registers and buffers in accordance with the
respective scameisegt! inyensionands shefiight pemst jomered eitenhiviel dei ng
sequentially 25 shifted fromthe upper part to the |ower part of the

di spl ay Spanel iB16Uby echedshpf Ligbgi snéFsipaseanbrol skanfaiPethtrol signal s

(a scanning start signal SSTR, 2 4 AUG 2006, 90 a scanni ng cl ock. signal
SCLK and othng?VFe&%FFEﬁFthét d5sPem EBRFFOFFER B?éégﬁd?'%ﬁp%%b eg

respective 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 SB1l, 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,



scanning lines SL as scanning signals Vsel having a predeterm ned voltage
| evel (high-level) through the 5 buffers. (Data Driver) The data driver
130 fetches and holds the display data supplied fromthe disp&ayABGdﬂEl
generation circuit 160 with a predeterm ned timng based on 10 vari ous

ki nds of data control signals (an output enable signal CE, a data |latch
signal STB, a sanpling start signal STRgga shift clock signal CLK and
others) fed fromthe systemcontroller 150, converts a gradation voltage
(digital input signal) corresponding to the is display data into a current

conponent, and, SIRRIHi8Y Id1ocAS s @hAdBLILAN 26Hr beALrEPI ¥ebaRabRIL VAL put
signal) to the respective data I'ines DL with a predeterm ned tim ng.

Specifical ly, dystdie @attacdnierenrk3@ppancdeto2@nappkspdcanyeof the
structures of the current drive apparatuses described in conjunction with
the first to daanrtimoorl isesersith atso smiamhlingnisadnagnt ¥seCoheveéhel §, in case
of applying the current drive apparatuses described in connection with the
first to 25 frugdataamiogidremldadsaseyedn (hhghdilspray dhraueh, theg.

digital signals generated based on a video signal by the display signal
generati®on ci rRfiteTredeterm ned 2 4 AUG 2006 91 currents according to a
bri ght ness graﬂ§tio aof the light emtting elenents in a single current
gener ati on ata Driver

The data driver 130 fetches and holds the display
data supplied from the display signal genefation
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.qg.,
digital signals generated based on a video signal by

the display signal generation circuit, predetermined



circuit are generated, and the currents are sequentially fetched into and
held in the respective 5 current storage circuits corresponding to a
plurality of the output termnals provided to the respective driver

chi ps. Thereafter, the held currents are simultaneously outputzftgdAUi;‘tsm6
gradation currents (drive currents) to the respective data |ines provided
to the 10 display panel through the respertive output termnals wth a
predetermned timng. Additionally, in case of applying the current drive
appar atuses described in conjunction with the seventh to ninth

enbodi nents, awpinenals aycotrdiatetenaebthghtnesnt grgéaciahedf wilhdr current
val ues being weighted in advance by the single reference current
generation cilrichitt eavietiindi eilldmaehty fiet ehednghéocandent| denerapion
reference current storage circuits provided to the respective driver

chi ps, and curdigms tolstrsi gedebpte2d, sendcthagcuhterbibfritng arbitrary
reference currents based on the display data_consisting of the digital
signal s are sisAAueRtdaddlvy fTelchaet dBteoaphehpddpet F8 T8EPECEIVes provi ded

to the displ |t hthe r i t.put i nal th
or adat | oh cur 1RRCETSs CARARE EQPFUREe) CObFFRERbRAI g bort RO E7 Lo noss

O e on %, W Ay LA e e 3 ' 5 EH! pBLpcLie et
current  conmpiieifesy RAMiHA] t heReddtieve RAkahkly 8her&HPB! hed to
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



the data lines as the gradation currents, the currents corresponding to
the gradation currents flow so as to 5 be pulled in a data driver (c g ent
drive apparatus) direction via the output termnals fromthe UathY ﬁﬁe

(di spl ay panel) side. Therefore, the display apparatus according to this
enbodi nent can be excellently applied to the display panel having the
structure that the 10 |ater-described cwaent wite type pixel drive
circuit is provided to each display pixel to which the light emtting

el enment is arranged. (System Controller) The systemcontroller 150 operates
each driver 15fwchh @8cpegeeher ambedimént g Hincesfrectduviantout putting a

scanni ng control signal and a data control signal which control the
operation statempbhenabokevilegcthbedegstavai pylatitfy stardurplgred tSSTR or
the scanning clock signal SCLK, the shift start signal STR or the shift 20
cl ock signal Chk dehe Lateh sighh¢ STBlathen otprantenddie SIgeAItOE, and
others) to the scanning.driver 120, the data driver 130 and the power
suppl y driver corzespreagdsey te thegehedatoRneibiRPiE Blatathidy 9 gnal
Vsel, a _gradation current Ipix,C a £omer Zupgléﬂgo tage 25 VSQE xecutes a
drive control PEp8RatrEniPnat fdta| At eV eHeschih TVE ARRA5Y%nd control s
t he di spl ay anel 110 to_display. image inforymtio q%ggd 2 4 AUG 2006
93 predeterm r%é&e\(fitégs gila_ngﬁ.g ?ﬁ%pggsg%ﬁ%‘%%% Sro_ﬁ(ghr1 d%;anzjtli Utes the
control port'Q%i@%ﬁ%&'ngeﬁ? side. Therefore, the display apparatus
according to this embodiment can be excellently applied
to the display panel having the structure that the
10 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
15 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
20 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
25 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



conjunction of the current drive apparatus concerning each of the

foregoi ng enbodi ments. 5 (Power Supply Driver) The power supply 2dr iaugrongedO
pulls a wite current (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 fromthe power supply lines
VL by applying the I ow |evel power suppby voltage Vscl (e.g., a voltage

| evel 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 row

is set to the 5 £AlAGHIHIY Slidle® RYghRe .scanai Bgsdehvebnt201basedson the
power supply control signal fed fromthe system controller 150. Further

this power suppinstdrinters Q2 ceawszes poditive aesteibeaoinesponding to the
gradation current |pix based on the display data to flow in the 20 organic
EL el ement CElcdfiywecitiam foformheheurawert sirppley apbeeasuvlconaethéndi spl ay

pi xel s (pixel drive circuits) by applying a high-1level power supply

vol tage Vsch temch e gdwerfonggelipd iemgodmengssynchroni zation with a

timng that the display pixel group for each rowis set 25 to the
non- sel ecti on SRopter HHRAMHY RLAWSitig driver 120. As shown in FIG 15, the

power supply driver_140 eneral l.y conprises, voltage shift blocks VSBI1,
VSB2, -- 2 4 AUG 2008 RAVSISEHESH Ya Fiihs ity & a@e%’r&%ﬁs%ltrirﬁﬁ\t/of shi ft

registers and F%ggf”éhff%ﬁ%¥x%3¥yg§%&gdﬁgge%%ht%%M%&adétion 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 thé non-selection state by the scanning driver 120.
As shown in FIG. 15, the power supply driver 140

generally comprises voltage shift blocks VSBl, VSBZ,



supply line VL like the shift blocks SB1, SB2, --- SBn of the

above-described driver 120. Shift outputs 5 generated while bei @d AUG 2006

shifted fromthe wupper part toward the | ower part of the
110 based on power supply control signals (a power supply
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supply start signal VSTR, a power supply clock signal
VCLK and others) synchronized with the scanning control
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
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
apparatus, and supplies it to the daté 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
(composite video signal), the display signal generation
circuit 160 may have a function to extract the timing

signal component and supply it to the system controller



controller 1SO generates the scanning control signal, the data control
signal and the power supply control S signal which are suppli ed2 #oAlGh@006
scanning driver 120, the data driver 130 and the power supply driver 140
based on the timng signal fed fromthe display signal generation circuit
160. In this enbodi nent, as shown in FIGS. 14 and 1S, 10 as the driver
assenbly attached to the circunference o5 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 invenikenaiSwaDl 4£Sirfeietidheretaxt Asctlkidedoridrathestsove, since
the scanning driver 120 and the power supply driver 140 operate based on

t he equi val engradanionl s sygahl sorfpdreestannimgftiontaasde sitdrralsy@i@ém he  power
supply control signal) wth which the timng is synchronized, it is

possi bl e to adoptrokler, 120 20ereraicesirehe hidanhian® GHHITRYL Fi9P&L 120A has a

function to supply the power supply voltage Vsc in synchroniza- tion with
generation anfheudphie €PATHGL %%g%“hg %%%n?ﬁ%&o"ﬁ@n%ﬁ&g]sy GBS FIG 6.

According to such a structure, the structures of the peripheral,circuits
25 can Be si ﬁPBFFédWh%@sﬁF%ySWQ%+?dPJ?‘?(eTh?Dr??/aénHr@u(hj)veﬁ 2102no§r ete

c oot onElicHce WP Fhoasb ol LR, AR, SIpPEp e e o !
acconmpanyi ng p,sed 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



drawi ngs. First, description will be given as to a basic 5 structure of a
pi xel drive circuit which can be applied to the display apparatus
according to this enbodiment and its operation. FIG 17 is a cir %iBWSZWB
structural view showing an exanple of a basic structure of a pixgl rrve
circuit 10 applicable to the display apparatus according to the present
invention, and FIGS. 18A and 18B -are corgeptual views showi ng a basic
operation of the pixel drive circuit applicable to this enbodinment. F IG
19 is a timng chart showing a display timng of image 15 information in
the display apppnatustacenedangpl oyt Pisel enbatiorad . above exahpleow as shown
in FIG 17, the pixel drive circuit DCx conprises an NM3S thin film
transistor Tribe Bavcogbadgat eht eefienahceonnethedatcompanpbmgng |ine SL, 20
a source ternlnal'copnected to a power supply line VL and a drain term nal
connected to arawdegison NI; an NMOS thin filmtransistor Tr2 having a gate
termnal connected to the scanning line SL, and source and drain term nals
respectivel y connedtie$tvodgsgairtirhe VBl laRg 9258 PEnEPi BnPRBICan NMOS
thin filmtransistor Tr3 havin a.gate termnal connected to_fhe.junction
N1, and3sour c&ENFtHEE] HftérﬁFgﬁﬂsd?é¥Se€9FGBF @Bﬁﬁ%c?%ﬂd?ﬁ %Pﬁfﬂ&%UG 97
power supply line. VL and.the_juncti N2; Lt : ected
bet ween 1 he jdﬁb%ﬁﬁn SPlay thaggkﬂg N2ro2B9ng t52PREL! Q&S ifeRp
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 SL,
20 a source terminal connected to a power supply line VL
and a drain terminal connected to a junction Nl1l; an
NMOS thin film transistor Tr2 having a gate terminal
connected to the scanning line SL, 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



junction N2, in the vicinity of each intersection of the scanning line SL
and the data |line DL arranged so 5 as to be orthogonal to the qLiﬂhqmgpanel
110. The light emtting elenment (organic EL el enent OEL) has & e
term nal connected to the junction N2 and a cathode term nal connected to
a ground potential, respectively. Here, the capacitor Cs nmay be a 10
parasitic capacitance forned between theQgate and the source of the thin
filmtransistor Tr3. It is to be noted that the organic EL elenent CEL is
used as the light emtting element in this exanple, but the |ight

emtting el enﬁ@&ekssa%;lpeﬁﬁéc«tmdameméoj-aﬁcdmmmeohnda above. For
exanpl e, shown in G 19, the light emtting drive control of the
light emttingaphenest Céocganéct&l péeweah)the jwecipiome|Ndrandg @ig cuit
having such a structure is executed by setting a-wite 20 operation period
(or a sel ecti gnnpeibodNaf ithetdespiaynipyxefsyach imtersectiaplaly pixe
group connected to a specific scannin ine is_selected and a, signal

current corr&bgoREPAGLINE diBPI &Y @%@aghé ﬁFF?t%hn%A?%i?FEﬁﬁﬂe%c% ni ng
Do e e Lot e et o e el o 2R Pyl ancurrent [s
sel ect] on Perl 00 of (L. Gy 3P B4rBhtel s} oL e, oot A0 POOR, 39 o ve
el ement baseda%%d%h%e§5§ﬂgh Ethégﬁed 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



witten and held in the wite operation period and the Ilight emtting
operation is performed with a predeter 5 m ned brightness gradation (Tsc =
Tse + Tnse). Here, the wite operation periods Tse set for the 7puaclt e
lines are set so as not overlap intinme. (Wite Operation Period: Selection
Period) In the wite operation (selection period Tse) for 10 the display
pi xel s, as shown in FIG 19, a high-levél8 scanning signal Vsel (Vslh) is
applied to the scanning line SL in a specific line (i-th line) fromthe
scanning driver 120, and a | ow1level power supply voltage Vscl is applied
to the power guppkychirnenVlacoordsnghts theed{spldy |datyy Fs cmphelgsbwer
supply driver 140. In synchronization with this timng, the gradation
current havi ngot hbeneyganve Bbl atémgni-bpsx) orobhespbirhhg’aldradspl ay data
of the line fetched by the data driver 130 is supplied to, eac c{tata l'ine
DL. 20 As a resdktent Redt RERAf inntRe arisise oPReTR FlamdP a4 cﬁiﬁgﬁ Uting the
pi xel drive circuit DCx _performthe on, operation, and the |lo evel power
suppl y voltagélggglem?gtEBBIPBBr? 1?%elfu§%ff%ﬁm%ﬁ Y%%%fﬁgfe#%ms%ate

term nal. of the_thi A ransi . 11 3 on n 5t apacitor
Cs), an&' t he 8‘68F§t E#ﬁgklg}%ﬁ Ia}:%&?fﬁégﬁgégggti oﬁsgugr’glfrl\%eﬁéviﬁr%rf'he

negt 1 Ve Pl SRR KheriEohieeribar 1ok B speseni sheaicetien
llow level powshesupRkY s¥el 580asVast bsedbibi € tome.
(Write Operation Period: Selection Period)
In the write operation kselection 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 tﬁe line fetched 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




the junction N2 (that is, the source termnal of the thin filmtransistor
Tr3 and the other end of the 5 capacitor Cs). As described above,
generation of a potential difference between the junction Nl, apgd e 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 current la correspsanding 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 filmtransistor
Tr2 and the daiddagree 1Bkzellhaftinghias Ioweenpotehedtli thehatheslewrr espondi ng
to the potential difference generated between the junctions N1 and N2
(bet ween t he datvelapdwehle sappilye vofltabgkeVehbilnifti bppiliadskstor Tr3) are
stored in the capacitor Cs, and it is held (charged) as a voltage 20
conponent . Furihtefunsitica NRe ($bwér isupphe verragetevBénaha9ofngha vol t age
| evel equal to or less than a ground potential |s applied to the power
supply line Vﬁj“éhélﬁﬂetﬁﬁp§éS$9Frgﬁ@.P&di§h€oﬁFP8FI8gdS8fa§h?o flow in
the data line direction, the potential applied to 25 the anode term nal
(junctioch N2) GPaHE5r §8hi'c EL el enent OEL becones | ower than the

potential (ground t i.al f C .erm_al., .reverse bias 2
4 AUG 2006 100 volpgsgg"ge%}dsﬁé’)ﬁp a5 ?Jtﬁ&%%%téﬁ’ﬁco L % gﬁ%ﬁ?lé&

Therefore, they M@l HetyedRes hRoY uhlceWohhkaughat Ree 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 therpower 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



organic EL elenent, and the light emtting operation is not executed. 5
(Light Emtting Operation Period: Non-selection Period) Subsequently, in
the light emtting operation (non-selection period Tnse) of 3 heyaromsi ¢ EL
element after conpletion of the wite operation period (selectlon period
Tse), as shown in FIG 19, a low 10 | evel scanning signal Vsel'(Vsell) is
applied to the scanning line SL in a spegfic line (i-th line) from the
scanni ng driver 120, and a high-level power supply voltage Vsch is applied
to the power supply Iine VL in this line (i-th line) fromthe power supply

driver 140. 15Juwddieris iappivrenionitzal iyanithehies ehkeftNgELL he operation
to pull in the gradation current by the data driver 130 is stopped. As a

result, the thiHeAdignd,r ans sfrdrve Burrmt Bo2s eemnstibut thgotibg phzel drive
circuit DCx performthe 20 off operation, application of the power supply
vol tage Vsc targdreld WictdlemeNt,(tamat the lilghtgameé tténgi ppkeretionhést hin
filmtransistor Tr3 and one end of the capacitor Cs) is interrupted, and
appl i cati on ofMmatheexamitiethe | evel to the junction N2 (that is, the source
2S terminal of the think filmtransistor Tr3 and the ither end of

capaci tot Cs) et Hhid tdper ARGt M pdar+ad ee- g°'|e §5tion gﬁf‘rlﬁﬂg by the
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wite (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 veoltage
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



operation. As described above, the capacitor Cs holds the 5 charge voltage
in the wite operation, and a potential difference between the junctions
N1 and N2 (between the gate and the source of the thin filmtr iAg6 02006
Tr3) is thereby held and the thin filmtransistor Tr3 maintains the on
state. Further, since a power supply voltage 10 Vsch having a voltage |evel
hi gher than the ground potential is apploked to the power supply line VL,
the potential applied to the anode terminal (junction N2) of the organic
EL el ement OEL becones higher than the potential (ground potential) of the

cat hode term naltedMiphiers.ef a=e.a aesshayn the HabacléBr asphedakethened

drive current Ib flows through the organic EL element CEL fromthe power
supply |ine Vieldutaigh dieerdds rstioded ity ansd sbowveFradsandbeblewrtdneti on N2 in
a forward bias direction, and the organic EL elenent OEL emits the 20
light. Here, stpemattimmpotential difference (charge voltage) held by the
capacitor Cs corre;g;nds to a potential difference when causing the wite

current la correspohdigRfFiPahepvatatith @nacaton Fisx ed el &R€in  the

thin filmtransistor Tr3, the drive current flow ng 25 through the_organic
EL ol et | CEICHIOS, Thiagh el e oo ARsHe Sogms nanar Pt BOLAPESAL | o AS

a result, in dhe-qion;selection Red of se ol tar JLheysel gaton 2,4, AUG
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the thin filmdransiyd anrdhased Onme MiHA%8 1m 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
OCEL from the power supply line VL 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




conponent corresponding to the display data (gradation current) witten in
the selection period Tse. The 5 organic EL el enment OEL continues the
operation to emit the light with the brightness gradati on correspondi ng

to the display data. As shown in FIG 19, by sequentially rep@at Al 2006
executing the above-described series of operation with 10 respect to the
di splay pixel groups for all the lines comstituting the display panel, the
di splay data for one screen of the display panel is witten, the light is
emtted with a predeterm ned brightness gradation, and desired inmage

information i sydh sl ayed, drse AldiRRUGR NG E i dddtirubrR3lSkapp1Tel to Tr3

applied to the pixel drive circuit according to this enbodi nent are not

particul arly restdudt ethe aldioffitie t ddigl Sidmitransissidobs & koll@age3 can
be constituted by n-channel type transistors, and hence an n-channel type

20 anor phous stdmmaretFTcoare dporekios) [tentdhe apppdley. data Juehdatdase, the
pi xel drive circuit having the stable drive characteristic can be
relatively i nexperssivelwr i tiamufiae tilve d eye cipisiny iney itdde Tsler.eadhreest abl i shed
manuf acturing technjque. 25 Further, according to the pixel drive circuit
havi ng the abovedafese ke euiELle siTmigurias dhe operatiipnt fe emit

characterioti c.of A0S hilli L WAl stor, TS 24 A0 2006, 03,1 he
potential di ffLecg efce cﬁfé}?faqf a/aoéat.age)
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 technique.

25 Further, according to the pixel drive circuit
having the above-described circuit configuration, even

if the characteristic of the thin film transistor Tr3



held in the capacitor Cs becones a potential difference required for
passing the wite current la corresponding 5 to the gradation current | pix
tothe thin film transistor Tr3. Therefore, the drive current Aug 2008 ow ng
down t hrough the organic EL element OEL is nmintained at a current val ue
equivalent to the wite current la. Thus, it is possible to suppress 10
degradation of the display state such asogenerati on of display
irregularities due to an aged change, thereby naintaining the excellent

di splay state. FIG 20 is a schematic bl ock diagram showing a primary

structure of aotdrer 18xaAPlaiek ihide ediesphlly is18eappavatusdageerth ngnt o the
present invention. In the above-described enbodi nent, although the display
appar at us (di spjeay ghanele), ateptiongntheladiifferenatri(xhaype dolvagebde
including the pixel drive circuit for each display pixel of the display
panel has 20 tedd desdhiehedpaidogr €sehecpneenti patesthal defferenes
thereto. As shown in FIG 20, it is needless to sa that it is possible to
excel | ently apfidpitied dicdpiPaysingppdratias t&d6PETRY aléiﬁBFEeﬁﬁ??gkn?passive

o 111 N o) 0a¢-L B AN SO SHid 1B A PnStE FBSBObtMel y connect ed (o
e S oyl 8 5 U5 e b O Bl £ e et o
the scanning |4Ng,Sly QEENINOISAOTHENS 323301 BY dikMeht OEL is
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 a 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




120B. It is to be noted that, in FIG 20, that the Ilight emtting diode
LED is used as the light emtting 5 elenent. In this case, since the
gradation control can be executed by individually supplying ti2 lsyghig
emtting drive current having a predeterm ned current val ue corresponc?i ng
to the display data to each light emtting elenment, the excellent
mul ti-gradation display 10 can be realizaed while increasing the display
speed of image information. Furthernore, in the display apparatus adopting
the sinple matrix type display panel illustrated in FIG 20, it is
possi bl e to adepta anyecone ektthaihg StrbomctHeedadtd theveurtBoB amdve
appar at uses described in conjunction with the first to ninth enbodi nents
as the data dhevecahdGBg Speei SLcakibgndingt ficomi hhkescannéng deheent i on
circuit, currents having a predeterm ned fixed current 20 value are
gener at ed, thd20R.r edtts iar §osbguantieadl thatet éhelIGnd2Ael hah the respective
current storage circuits provided_ in accordance with a plurality of the
out put term nadlighdt epHétiagpdirdee LGP v6r UERApas She 1tH th%PHtEﬁ??ents are
si mul t aneously outputted to the 25 respecti data_ lines arranged in the
e ERecdnanar EEPE

di spl ay anel e4High tihe PdSp&etitve SotCFut "FePRFREF$OPn 8" bY edetr mi ned
hSELY R DB YNBSS BB ERTRR OB (52
applying the &m@@1ﬂﬂgfﬁ%ive 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




wi dt h nodul ation (PW) drive node. As a result, since it is possible to
cause each light emtting elenent to s performthe light emtting operation
with a predeter- mnined brightness gradation corresponding to thg AliGsp0&y
data, image information can be excellently displayed in the

mul ti-gradation. In the foregoing enbodi nent of the display 10 apparatus,

al t hough description has been given as til@5 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 restrietigd t@uikieswenbadi peBEd andthe displaypassabtensdsattopt a
circuit configuration including, e.g., four thin filmtransistors.
Moreover, it iof possidilgdthd adoptlanpyoebelyiogr thet koowhigutaei on as | ong
as it is a display apparatus including the inmage drive circuit to which a
20 current spedidthcaodod arsde i(REMIdidng Ve sodktoer n&fi anredulappsinede
gradation current fromthe data line is applied as well as a current

speci fi cati on ifode Weissiblgultios caiseheaghadadnéncBhEEeRE eLeRfThetdat a
line, has a light emtting contrql transistor which ontrola gS supply of
the drive curREREEE the 1ght emitting CBrEREALTaH4tE & PFERLRTT ol

Suppl i o5 2 4 ADRF0GE L HTETHe BATE bt Fart By ceditingor et FERFLAR T ng
control tr anscia%ao,r i%%(féerifn(}ro%r%'%.o%n QRERRL 190 RagRE19N3E BB1ayed in
the multi-gradation.

In the foregoing embodiment of the display

10 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

15 is possible to adopt a circuit configuration including,
e.g., four thin film transistors.

Moreover, it is possible to adopt any other
circuit configuration as long as it is a display
apparatus including the image drive circuit to which a

20 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

25 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



wite current after holding the wite current according to the display
data, and causes the light emtting 5 elenents to emt the |ight ‘Mthnﬂs
predeterm ned brightness gradation. Additionally, the |ight en“*t’i‘-'ﬁg2

el ement arranged in each display pixel is not particularly restricted,

and it is possible to adopt any other light emtting 10 elenment than the
organic EL elenent or the light emttindh ode descri bed above as |ong as
it perforns the light emtting operation with a predeterm ned brightness
gradation according to a current value of the light emtting drive current

suppl i ed thereim diwW tdigught by 2bewdasheesdhhhednibeingseohbadlt he
current drive apparatus according to the present invention is applied to
t he display drinemistoun ttcofpertflrendithe ayn apparcdtios, bekedcanr ehe drive
apparatus according to the present invention is not restricted to 20 such
a di splay driwidgparutusnt Rdteax ogiddng tthies wridgsichrsens appPyding
current drive apparatus to a _drive circuit of a device including many

el ements whi cHo diis diiplishidadari sRdorcansad et 11986neBLtEIRRI ve circuit
of a printer head forned by .arrangin ny,.25 light, emtting diodes. As
descr !Ob aboVet EBRYGt dich % t glcld%}gﬁt"ylﬁ \?elp%gﬁlﬁg?ﬁ%éegndl i tssdri ve

nmet hod of the ]:Prriesrxetnrgeszsélfaéﬁt?i%% 107 invention, in the technique to
operate each loacin a pgre etérmned drive state by supplying a

predeterm ned . 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



drive current to each of the plurality of |oads such as a plurality of
arranged light emtting elenents, 5 operating currents having a
predeterm ned current value are generated and outputted by the4isAugbms
current generation circuit, they are supplied to the plurality of current
storage circuits individually formed on, e.g., a plurality of the

sem conductor chips, and 10 correspondi ag7vol t age conponents are hel d.
Therefore, the currents having the uniformcurrent characteristic
supplied fromthe single current source are held in the respective current
storage circuiihyeatibhe raspaet kéehnsaoecondopepatehépsh Tdwd efroree, it is
possible to use 15 the relatively sinple apparatus structure to restrain
irregul ariti epriedetkemndniede decuveentabet hgeauphéyingspeptedeteamineshduct or
chi ps and between the output termnals provided to the_ same senm conductor
chi p. Additiodiig, ciyrepsl Fongachecéuthenplaorpdéty20f appadat $Chcddr di ng
to the present invention to the signal drive circuit édata driver) of the
di splay apparfafdsirald tiys ofossirBrgetiolddpbr 8R4 tFREgEISPPRTR®S in the drive
current between the driver chips sem conduct or _chi ps) .and between the

out put ter mi n&PETES 1B GUFEETES Pﬁ&lggnﬁ BFF@@?GEH?ngnBuFE%?FéY%fhe
generation of display._irregul arit.i ereby. i . QVh Qg i splay i mge
quality. 2 4 ASG f@ﬁérafﬁgpﬁg |Pﬁgﬁgthgvgﬁtég%gggﬁéiﬁnaP%?gggions\MII
readily occur J9 theserskiilledd nthle ark shBpiekar o 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 irregularities
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.



the invention in its broader aspects is not limted to the specific
details and representative enbodi nents 5 shown and descri bed ??rA%iGnZDOS
Accordi ngly, various nodifications may be nade wi thout departing fromthe
spirit or scope of the general inventive concept as defined by the
appended cl ains and their equivalents. 2 4 AUG 2006 109 CL Al MS 1 A
current drive apparatus for driving a dosplay apparatus, the current drive
apparatus operating a plurality of display pixels (DC, OEL) each 5 of

whi ch has a current-driven optical elenment (OEL) which operates a
plurality of |oadsaizipplayi Bgvantayeseahdt hedetdcacbopsiwing: a plurality
of output termnals (Tout) to which the display pixels are respectively
connect ed; 10 rehddiagt ecicredtbythosehekitdeprisitiyge arsi ngfkexefarant
generation circuit (10) which outputs an operating current having a

pr edet er mi ned theuinaentignuén ake gr@ﬁd?élﬁﬁye%¥sch$r%%¥ 5o eRfe Qrcuits
(30) which 15 are respectively_connected to tge put put_term nal s,
sequenti al |y fr&ecisPesdtR6 dethe lsperdt FRETESER ﬂ?lv§uimﬁ?éip?9 t he

current _generation circui simul tan ousl%.ﬁgt ut_a drive current

10),
based orf the S &Pa PPy @%F&ég%dtgeﬁﬁéﬁ'of tha ottput’ tEF AT s and 20
supply the drh%%i %E%E%ngomggebglH%gg'&Xtﬂ£u£hgep9£§9ﬁ§yff%ﬁ€%ﬁé

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



2. The current drive apparatus according to claiml1, wherein the operating
current has a current value according to an input signal. 25 3. The
current. drive apparatus according to claim2, wherein the cutéews 2006
generation circuit (10) conprises: 2 4 AUG 2006 110 a control current
generation circuit (11) which generates a control current according to the
input signal; and an output current gengggtion circuit (12) which 5
generates and out puts an output current having a predeterm ned current
ratio relative to the control ~current. 4. The current drive apparatus
according to claim3, wherein the c?rieﬂtlvglge of the control 10 current
is set larger than a current value of the output current. 5. The current

drive apparatus accordi A0cPfrett 8 de ANGL LI ML hE ) NPREy ShGnal TS a
digital signal having a plurality of bits, 15 the control current

generation CirgupldylldppL£edPis Sesha Phrrredt tyriofe kigpLrat@nt generation
circuits (CIn) which generate a plurality of bit currents that current

val ues have wedggdirtadthiysg corgesponiding £ cdraspectpive s t 0Of QRIE) dagh al
signal, 20 and any of the respective bit currents are selected in
5 of which has a current-driven optical element (OEL)
which operates a plurality of locads by supplying a
current thereto, comprising:

a plurality of output terminals (Tout) to which

the display pixels are respectively connected;
10 | characterized by further comprising:

a single current generation circuit (10) which
outputs an operating current having a predetermined
current value; and

a plurality of current storage circuits (30) which

15 are respectively connected to the output terminals,
sequentially fetch and hold the cperating current
supplied from the current generation circuit (10),
simultaneously output a drive current based on the
operating current to each of the output terminals and

20 supply the drive current to the plurality of the
display pixels.

2. The current drive apparatus according to
claim 1, wherein the operating current has a current
value according to an input signal.

25 3. The current drive apparatus according to

claim 2, wherein the current generation circuit (10)

comprises:



accordance wth a bit value of the input signal, and the control current
is generated by adding the selected bit currents. 25 6. The current drive
apparatus according to claim3, wherein the output current geqfr3%k0§8
circuit (12) conprises a current mirror circuit having the 2 4 A 2 %
predeterm ned current ratio. 7. The current drive apparatus according to
claim1, wherein each of the current stoimge circuits (30) conprises a
vol t age conponent hol ding section (31) 5 ich fetches the operating
current outputted fromthe current generation circuit and holds a voltage

conponent COfreSpO”Q'é‘@n%Pof‘ 8&%%%&#}9@’?&8%@1?6 h&%@@% gifﬂ G Lgnt .

The current drive apparatus accor the voltage

conmponent  hol di &g sgctd op ccép?tl])oi‘aéu &APALELANEE &l e (GRIe I N which

el ectric charges corresponding to t e operating current are witten. 9.
The current drivenappaiaius according to 15 claim8, wherein the voltage
conponent hol ding section (31) has a field effect type transistor (M2)
whi ch causes the operattpgt Colireait t gedid oxt et VeBHc@i SOUIZE wiahiéha drain

t hereof, and the capacitance el enent (C31) has at |east a 20 parasitic
capaci t ance bejaveerbtde modiroet@nds aamgatetmpit dherdntelltheidecd type
transistor (M32), and a voltage between the source and the gate
correspondi ng preddieermined current ratio relative to the control
current.
4. The current drive apparatus according to
claim 3, wherein the current value of the control

10 current is set larger than a current value of the
output current.

5. The current drive apparatus according to
claim 3, wherein the input signal is a digital signal
having a plurality of bits,

15 the control current generation circuit (11)
comprises a plurality of bit current generation
circuits (CTn) which generate a plurality of bit
currents that current values have weightings
corresponding to respective bits of the digital signal,

20 and

any of the respective bit currents are selected in
accordance with a bit value of the input signal, and
the control current is generated by adding the selected
bit currents.

25 6. The current drive apparatus according to

claim 3, wherein the output current generation circuit

(12) comprises a current mirror circuit having the



operating current is witten in the capacitance elenment (C31). 25 10. The
current drive apparatus according to claim9, wherein the nnbil'% 6 { he
field effect type transistor (M32) has a value which is at Ieé%4 é uG
20 112 approximately 200 cn2/Vs or a |arger value. 11. The current drive
apparatus according to claim7, wherein each of the current storage
circuits conprises a drive current gene%giion section (32) which 5
generates and outputs the drive current having a predeterm ned current
ratio relative to the operating current based on the voltage conponent

held in the \ﬁ%%@?%g%@@e&rg%ei]&%§§pti on. 12. The current drive

appar at us acc clarm erein the drive current generation

section (32) conpriysesp@e CULFLOLt NHFIPL LHELHAtudaYENGrd Ny Py edet erm ned
current ratio. 13. The current drive apparatus according to claiml,

wherein each af14he TUrhiedte St R0€ &f el tSur ddn € Y # $0S c Br Pai s Of
current storage sections (3l1la, b) arranged in parallel to each other; and
a control port{®n wimbr adderaatel yagperdanpmnan: lopedaig esedwoidret €3 he
operating current outputted from 20 the current generation circuit and

hol d a Vol t ageviconipofenthesrtles popeiiatging cuctenrtemualiucedfftdre thperati ng

current in one current storage section and an
current generation circuit and holds a voltage

component corresponding to a current value of the
operating current.
8. The current drive apparatus according to
10 claim 7, wherein the voltage component holding section
(31) has a capacitance element (C31l) in which electric
charges corresponding to the operating current are
written.
9. The current drive apparatus according to
15 claim 8, wherein the voltage component holding section
(31) has a field effect type transistor (M32) which
causes the operating current to flow between a source
and a drain thereof, and
the capacitance element (C31) has at least a
20 parasitic capacitance between the source and a gate of
the field effect type transistor (M32), and a voltage
between the source and the gate corresponding to the
operating current is written in the capacitance element
(C31).
25 10. The current drive apparatus according to
claim 9, wherein the mobility of the field effect type

transistor (M32) has a value which is at least



operation to output the drive current based on the voltage conponent held
in the other current storage 25 section in parallel. 14. The current drive
apparatus according to claim1, wherein each of the current sj ‘g% 7
circuits 2 4 AUG 2006 113 conprises: current storage sectlons ( a‘n%) on
a front stage and a rear stage which are arranged in series; and a control
portion which perforns an operation to p,fetch the operating current
outputted fromthe current generation citcuit in the current storage
section on the front stage, hold a voltage conponent corresponding to a
current value of the o erat| cury and su urrent based on the
vol t age conpoﬁgﬁf o %X” ent® GRP ofhge%§§PE¥bﬁ%%ﬁmihe rear stage and

an operation to %t tch Ttmse Cqﬁ:r]]r (jpcta i tagg%afrraocrnst he. GULJ St or age

section on the fro st'age, component ~ corresponding to a
current val ue ofy {he Cweefglrargﬂac}ptgﬂottthé he,drdime Qudent based on the

vol tage conponent is ‘in parallel. 15. The current drive apparatus according

to claiml, vher®iisdde didime Giriit hasdihe saesddrrant (3valwei et the
output termnals. 16. The current drive apparatus according to 20 claim

15, whi ¢h f ur tdwere oy i8es cutgiutgd eclenpitivec wrurerdntstioreigey & rcuit (70)
between the current generation circuit and the plurality of the current
predetermined current ratio relative to the operating
current based on the voltage component held in the
voltage component holding section.
12. The current drive apparatus according to

10 claim 11, wherein the drive current generation section
(32) comprises a current mirror circuit having the
predetermined current ratio.

13. The current drive apparatus according to

claim 1, wherein each of the current storage circuits

15 comprises:

a pair of current storage sections (3la, b)
arranged in parallel to each other; and
a control portion which alternately performs an

operation to fetch the operating current outputted from

20 the current generation circuit and hold a voltage
component corresponding to a current value of the
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

25 section in parallel.

14. The current drive apparatus according to

claim 1, wherein each of the current storage circuits



storage circuits, and wherein the input current storage circuit fetches the
25 operating current outputted fromthe current generation <circuit, hold a
vol t age conponent corresponding to a current value of the operating
current and supplies a 2 4 AUG 2006 114 current based on the AbGt ZGe
conponent to the plurality of the current storage circuits. 17. The
current drive apparatus according to claim 16, wherein the input current
storage circuit has 5 a capacitance elenent in which electric charges
corresponding to the operating current are witten as the voltage
conponent . 18.Cgherq&££ent drive apparatus according to claim 17, wherein
t he i nput curreﬁmj§%orage circuit has 10 a field effect type transistor

whi ch causes the operating gygf%%n%é?%{i% bfﬁy@,enbﬁ SQUscerand @ drain

t hereof, and the capacitance e as at least a parasitic capatitance

between the soumge, angh A ks ofnihe fiel g rd sl fastsdynest ransi stor. 19,
The current drive apparatus according to claim 16, wherein the input

current storage Cirgukbdnt £60PhbSESon awipBLE SrfHPHE SMI 882 61O age
sections (7l1la, b) arranged in parallel to each other; and 20 a control

portion shich g&dtet natel ypgest Digscarenpesaipwntdd oo ht idiecopesat | ng
current outputted from the curren-~~ generation circuit in one of the
i nput generation circuit in the current storage section on
the front stage, hold a voltage component corresponding
to a current value of the operating current and supply
a current based on the voltage component to the current
10 storage section on the rear stage and an operation to
fetch the current supplied from the current storage
section on the front stage, hold a voltage component
corresponding to a current value of the current and
output the drive current based on the voltage component
15 in parallel.
15. The current drive apparatus according to
claim 1, wherein the drive current has the same current
value at the output terminals.
16. The current drive apparatus according to
20 claim 15, which further comprises a single input
current storage circuit (70) between the current
generation circuit and the plurality of the current
storage circuits, and wherein
the input current storage circuit fetches the
25 operating current outputted from the current generation
circuit, hold a voltage component corresponding to a

current value of the operating current and supplies a



current storage sections and hold a voltage conponent corresponding to a
current value of the operating 25 current in one input current storage
section, and an operation to supply a current based on a vol 98y
conponent held in the other input current storage 2 4 AUG?2 86 Gy 2406
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 5 claim15, further conprises a pulse width control <circuit
(65) which is provided between the plurality of the output term nals and

'35 o0 AU 3 U AT 1A, o

the output tefmna e curren appar a

cl ai m 20, wherginf bhe.pul se V‘é@éfﬁ%@\%{xﬂéufﬁé?m t controls a pulse width

of the drive current In accordanc an I nput signal. 22. The current

drive apparatus accprdifige toydaegt aiMde L LITLRtadERSdiddeplurality of
the current storage circuits and the output termnals are forned on at

| east one sem epatici®f i Pe (KR he 2Ghpdhec el st s i age apped @l tishas
according to claim22, wherein the single current generation circuit 20

is formedl on aa seampaohductore tdmgntdi i ewleith fe et hisc afloaesas d
sem conduct or chip. 24. The current drive apparatus according to
corresponding to the operating current are written as
the voltage component.
18. The current drive apparatus according to
claim 17, wherein the input current storage circuit has
10 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
capacitance between the source and a gate of the field
15 effect type transistor.
19. The current drive apparatus according to
claim 16, wherein the input current storage circuit
comprises: a pair of input current storage sections
(71la, b) arranged in parallel to each other; and
20 a control portion which alternately performs an
operation to fetch the operating current outputted from
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
25 current in one input current storage section, and an

operation to supply a current based on a voltage

component held in the other input current storage



claim 22, wherein the single current generation circuit is formed in the
sem conduct or chip. 25 25. The current drive apparatus accordlu%4 2@#aim
1 wherein the current generation circuit(10) conprises a plu#él (i
reference current generation sections 2 4 AUG 2006 116 (11) arranged in
parallel to each other which generate and output a plurality of reference
currents having current val ues differeni gron1each other as the operating
current; and which further conprises: 5 at | east one reference current
storage circuit (90) which fetches and hol ds each of the plurality of

reference cur rent.s, argldtooug éjtgl&aplllggufl(;% Yeyof acﬂjdg;il%;ﬂ;glﬁofae grence currents

1 .
based on the respeéflve reference rents; east one gradation

current generatjon, citcuit,yd %@ey@%§%§§fﬁ@@té¥aéé‘%é@§§ﬁ?t%ﬁ’ne

gradation reference currents in accordance w an 1 nput sign d
gener at es greugggqugyyrents and supplies the gradation current to each of
the current storage units. 15 26. The current drive apparatus according to

claim 25, wherein ghe imputcst g dsive Hghdadtss H@dordavg ngoa plurality

of bits, and current values of the respective reference currents outputted
fromthe respecitaMe 1%®f efentieer 2ot ¥ €5 Pener &t i wididectdmoisol 11) have

wei ghtings corresponding to respective bits of the digital signal. 27. The
current drive apparat uséaccoringls gorovided between the plurality of

the output terminals and the loads and controls a pulse
width of the drive current outputted from the output
terminals.
10 21. The current drive apparatus according to
claim 20, wherein the pulse width control circuit
controls a pulse width of the drive current in
accordance with an input signal.
22. The current drive apparatus according to
15 claim 1, wherein at least the plurality of the current
storage circuits and the output terminals are formed on
at least one semiconductor chip (CP).
23. The current drive apparatus according to
claim 22, wherein the single current generation circuit
20 is formed on a semiconductor chip different from the
aforesaid semiconductor chip.
24. The current drive apparatus according to
claim 22, wherein the single current generation circuit
is formed in the semiconductor chip.
25 25. The current drive apparatus according to claim
1 wherein the current generation circuit(10) comprises

a plurality of reference current generation sections



claim 25, wherein the reference current storage circuit conprises a
plurality of reference current storage 25 sections (91) which iqphy@qﬂmlly
fetch the respective reference currents outputted fromthe rezerence
current generation circuits, hold voltage conponents corre 2 4 AUG 2006
sponding to the respective reference currents and output the gradation

reference currents based on the respect;yg vol tage conponents. 28. The
current drive apparatus according to 5 clarm 27, each of the reference
current storage circuit sections (91) has a capacitance el enent in which
electric charges, colf esponding J0.4he.1 eferance GUILLN,: A Gakdiien as the
vol t age conpongntz %%. e curr%nt gﬁ?ve appar at us accorﬁ?%dgto f% claim

28, wherein eaghy ofyther refSrence; cprdente S ALRAGE c Gl F&td 1586Ldons (91)
has a field effect type transistor which causes the operating current to

flow between auseai€cevanted @i efdrdhereaim e@dch theheapacitignce el enent has
at least a parasitic 15 capacitance between the source and a gate of the

field effect dy@eatiansestosnt 30ndhehah rentt st veorappiged us according to
claim 25, wherein the reference current storage circuit conprises: a pair
of refer®ence currendtsteasgeone rcefe¢er@cpoctroast (99ragel adiogia plurality
of the reference current storage sections which are arranged in parallel;
and a control pd?tiwniehi Eatcheerand &gl perdatmsofinthe plurality of

reference currents and outputs a plurality of gradation
reference currents based on the respective reference
currents; and

10 at least one gradation current generation circuit
(SWB) which selects any of the respective gradation
reference currents in accordance with an input signal
and generates gradation currents and supplies the
gradation current to each of the current storage units.

15 26. The current drive apparatus according to
claim 25, 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

20 current generation sections (11) have weightings
corresponding to respective bits of the digital signal.

27. The current drive apparatus according to

claim 25, wherein the reference current storage circuit
comprises a plurality of reference current storage

25 sections (91) which individually fetch the respective
reference currents outputted from the reference current

generation circuits, hold voltage components corre-




operation to fetch the reference current outputted from 25 the reference
current generation circuit in one reference current storage ci rczu,j éugq%ieon
and hold a voltage conmponent corresponding to a current val ue of R
2006 118 the reference current, and an operation to output the gradation
reference current based on a voltage conponent held in the other reference
current storage circuit portion. 5 31. The current drive apparatus
according to claim25, wherein the input signal is a digital signal

having a plurality of bits, and the gradation current generation circuit

(SWB) sel ect s;any of 5 the {BSPaCIbye: gradal fonf&f erencs,d0 suirents based
on a bit value of the input signal, adds the selected gradation reference

currents and genesat eshe tdeadd adsd | B9 SREd @t cuddentNoL3ud b €hd ve
apparatus according to claim?25, wherein each of the current storage

circuits 15 (Sp&oiPréd sesl tayd| dagsoomponent hol di ng section (31) which
fetches the gradation current outputted fromthe current generation
circuit and hol ds 28 vol Thagecu cosmpo Nt ve e pEspnnd rctordinyrrent val ue of
the gradation current. 20 33. The current drive apparatus according to
claim 3% wherelain he? votaciyectonporenie frot el ngpsent oftoxa19 diascult
capaci tance el enent (C31) in which electric charges corresponding to the
gradation curreegtiees (91) has a capacitance element in which
electric charges corresponding to the reference current
are written as the voltage component.
29. The current drive apparatus according to
10 claim 28, wherein each of the reference current storage
circuit 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
15 capacitance between the source and a gate of the field
effect type transistor.
30. The current drive apparatus according to
claim 25, wherein the reference current storage circuit
comprises: a pair of reference current storage circuit
20 portions (92) including a plurality of the reference
current storage sections which are arranged in
parallel; and
a control portion which alternately performs an
operation to fetch the reference current outputted from
25 the reference current generation circuit in one

reference current storage circuit portion and hold a

voltage component corresponding to a current value of



witten as the voltage conponent. 25 34. The current drive apparatus
according to claim 33, wherein the voltage conponent hol ding section (31)
has a field effect type transistor (M32) which 2 4 AUG 2W 1$? 9@@ ﬁﬁ t he
gradation current to fl ow between a source and a drain there 4 d206e
capaci tance el enent has at |east a parasitic capacitance between the
source and a gate of the field 5 effectq fype transistor (M32) and a
vol t age between the source and the gate %ased on the gradation current is
witten in the capacitance elenment (C31). 35. The current drive apparatus

accordi ng t? #@'P&%ére%?grgaﬁf%ﬂg moRj ! ] ﬁyo§érggfo£i€$d ﬁéﬁggotﬁgpe 10

transi stor has a va [ s af eas appr oxi nat e cnR/ Vs or

a larger val ue?rééatﬂsnﬁ CUEFEBBLHT ENBraRpakaLug @ﬁcgr%ﬂgazgg claim 25,
wherein the reference current st orage ci I‘CUIt the curren generatl on

circuits, the gompenNénddSnsl@r agecger 6thés a@ﬂe£@@CQU&@y£eﬁ@rgt@@é@eare
formed on at |east one sem conductor chip. 37. The current drive apparatus

according to e¢iataiB6ponbesein the reference current generation circuits
are formed on a sem conductor chip different 20 fromthe aforesaid
sem conduct or chi p3138. THAeceureentddi Vo capppasatsisaaccodihagtdo ¢l ai m 36,
wherein the reference current generation circuit is formed in the
sem conduct or eh@#pn 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
10 currents based on a bit value of the input signal, adds
the selected gradation reference currents and generates
the gradation current.
32. The current drive apparatus according to
claim 25, wherein each of the current storage circuits
15 (30) comprises a voltage component holding section (31)
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.
20 33. The current drive apparatus according to
claim 32, wherein the voltage component holding section
(31) has a capacitance element (C31l) in which electric
charges corresponding to the gradation current are
written as the voltage component.
25 34. The current drive apparétus according to

claim 33, whereir the voltage component holding section

(31) has a field effect type transistor (M32) which



39. Adrive nethod of a current drive apparatus 25 for a display
apparatus, the current drive apparatus operating a plurality of display

pi xel s (DC, OEL) which have current-driven optical elenments ( UG
connected to 2 4 AUG 2006 120 a plurality of output term nals by supplying
to a current thereto, the drive nethod conprising the steps of:
generating an operating current having a;1§ predetermned current val ue by
a single current generation circuit and supplying it to a plurality of
current storage circuits; sequentially fetching and hol ding the operating

current into the respttq,gt L’gvreaqcLglroerptc&troerr?gecoc;%lo%tso ok and o oure

si mul t aneousl| y~out put rive current bas $e operat’ing current

held in the curfent $tpA08,edd€Uidnd0 the respective output termnals and
supplying the drive current to said plurality of 15 display pixels. 40. The

drive method of a ctié etdpaltivenaPpar@tdse el Tghdo £lpdrastiwherein
the step of holding the operating current in the respective current

storage circuidmaanthide depeaf thd puddiay dre drdatee cuff rieg 2i0td t he
respective output termnals are executed in parallel. 41. The drive nethod
of a curyent orffectapparatiusansiceord AgB2)o aldian B9 tagrers twadre Step of
out putting
source and the gate based on the gradation current is
written in the capacitance element (C31).
35. The current drive apparatus according to
claim 34, wherein the mobility of the field effect type
10 transistor (M32) has a value which is at least
approximately 200 cm?/Vs or a larger value.
36. The current drive apparatus according to
claim 25, wherein the reference current storage
circuit, the current generation circuits, the current
15 storage circuits and the output terminals are formed on
at least one semiconductor chip.
37. The current drive apparatus according to
claim 36, wherein the reference current generation
circuits are formed on a semiconductor chip different
20 from the aforesaid semiconductor chip.
38. The current drive apparatus according to
claim 36, wherein the reference current generation
circuit is formed in the semiconductor chip.
39. A drive method of a current drive apparatus
25 for a display apparatus, the current drive apparatus
operating a plurality of display pixels (DC, OEL) which

have current-driven optical elements (OEL) connected to



the operating current to a plurality of the current 25 storage circuits
conprises: a step of fetching and hol ding a vol tage conponent

corresponding to a current value of the operating 2 4 AUG 2006 2142];\ guiugbent
outputted fromthe current generation circuit to a single input cuP en
storage circuit; and a step of supplying a current based on the voltage
conponent held in the input current st or gge, circuit to 5 a plurality of
the current storage circuits. 42. The drive nmethod of a current drive
apparatus according to claim40 wherein the generating step conprises:

ti d Lvir I | f ref 10 nts set in such
2 manner that Euprant uarusl RASRLENEPGMERRGS HY1 PEFBRY PRoRPedch of her by

a manner that cu

a single refer@ug§eﬁer£ﬁe&e98negggiggisgrﬁgkhsdfSgﬁpgggia“dtﬁg'd'gggthe

respective reference currents$ the reference cur g?orages uit and
15 outputting geplurality of gradation reference currents based on the
respective reference currents; and sel ecting any of the respective

gradation referencgeguirh@nhy bA 3peerdangecWrkBnannibhpHl signal and
generating a gradation current. 20 43. The drive nethod 6f a current drive

apparatu$S accprdiagetninkdi pud42envheaeiua bhear eisgesceueuenent storage
circuit conprises a pair of reference current storage circuit portion
arranged in pagahegktion circuit and supplying it to a plurality of
current storage circuits;
sequentially fetching and holding the operating
current into the respective current storage circuits;
10 and
simultaneously outputting a drive current based on
the operating current held in the current storage
circuit to the respective output terminals and
supplying the drive current to said plurality of
15 display pixels.

40. The drive method of a current drive apparatus
according to claim 39, wherein the step of holding the
operating current in the respective current storage
circuits and the step of outputting the drive current

20 to the respective output terminals are executed in
parallel.

41. The drive method of a current drive apparatus
according to claim 39, wherein the step of outputting
the operating current to a plurality of the current

25 storage circuits comprises:

a step of fetching and holding a voltage component

corresponding to a current value of the operating



the step of outputting the gradation reference 25 current conprises: a
step of fetching the reference current outputted fromthe reference
current generation circuit and hol ding a vol tage conponent corrgipﬁﬂgbmg 2
4 AUG 2006 122 to a current value of the reference current in oOne
reference current storage circuit portion; and a step of outputting the
gradation reference current based on the,yoltage conponent held in the
other reference 5 current storage circuit portion in the other reference
current storage circuit portion in parallel; the step of holding the

vol tage compongnt, and §he,, st fo@UERUITL] ihe;gradat | on Leference
TP oo g, CHheein g

current are executed in para current drive appar at us for a

di splay appargfus accQldi NGk Shatdnd, sCoOPPLd skNgeu e disphay panel (110)
having a plurality of “scanning lines (SL) arranged in a row direction, a

plurality of signalalsfes ¢PLyugpIangedai Budrest UpRsdE Ehreréi ep1aagesai d
plurality of display pixels (DC, OEL) which is arranged in the vicinity of
an intersectiommpdnéie hebpett i viee Stapunt nguttaes stskrage gnatchineso and has
the optical elenment (CEL); a signal drive circuit (130) conprising the 20
current generad iphucaktuytof 1) e ardrsentd ptorade tyiofuitarrent storage
circuits (30) which simultaneously output the drive current to said
plurality of signat2.|i%es;dahde method of a current drive apparatus

according to claim 40 wherein the generating step
comprises:
generating and supplying a plurality of reference

10 currents set in such a manner that current values have
weightings 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; and

selecting any of the respective gradation
reference currents in accordance with an input signal
and generating a gradation current.

20 43. The drive method of a current drive apparatus
according to claim 42, wherein the reference current
storage circuit comprises a pair of reference current
storage circuit portion arranged in parallel,

the step of outputting the gradation reference

25 current comprises: a step of fetching the reference

current outputted from the reference current generation

circuit and holding a voltage component corresponding



a scanning drive circuit (120) which outputs to 25 each of the plurality
of the scanning lines a scanning signal used to sequentially select the
di spl ay pixel connected to the scanning line. 2 4 AUG 2006 123 46 20dse
di spl ay apparatus according to claim44, wherein the optical elenent

I ncludes an organic electrolum nescent elenent. 5

122

to a current value of the reference current in one
reference current storage circuit portion; and a step
of outputting the gradation reference current based on
the voltage component held in the other reference
5 current storage circuit portion in the other reference
current storage circuit portion in parallel;
the step of holding the voltage component and the
step of outputting the gradation reference current are
executed in parallel.
10 44, The current drive apparatus for a display
apparatus according to claim 1, comprising:
a display panel (110) having a plurality of
scanning lines {(SL) arranged in a row direction, a
plurality of sigral lines (DL) arranged in a column
15 direction and said 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 the optical element (OEL);
a signal drive circuit (130) comprisingthe
20 current generation circuit (10) and said plurality of
current storage circuits (30) which simultaneously
output the drive current to said plurality of signal
lines; and
a scanning drive circuit (120) which outputs to
25 each of the plurality of the scanning lines a scanning
signal used to sequentially select the display pixel

connected to the scanning line.
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45. The display apparatus according to claim 44,
wherein the optical element includes an organic

electroluminescent element.



