; e3ewt 4HGNTLT6 | nage Di splay Apparatus and Its Method of Operation ]ﬂ‘-s
application is based on applications No.11-194551 filed in Japan 204 y20e9§

1999, No. 11-302493 filed in Japan on 99, and No. 5 11-303134 in
Japan on Cct. 25, 1999, the contents m m mua“ i ncor porated hereinto by
references. The present invention rel 0 a display apparatus provided

with a 10 plurality of light enmitting devit®®¥ such as light enmitting di odes
arrayed in a matrix display panel, and to its nmethod of operation.

Currently, bright red, jgagenispRYAppakfus B@Xt?h\l&ﬂ%d SMOpdrifish di odes (LEDs)

of 1000ncd or nore have been devel oped) and fabrication of |arge-scale LED
di spl ays has becone possi ble. These LED di spl ays have 15 features such as

I ti | i.aght. ' i ght, dt ibility f t hi
panel d splay. Far (118 2PBEALRE 1 basadpr analeatens Ny hyStoaniien e 4RPER Leed
out doors) hagn iy 8asedo IRl I BEY) GIBH R Iapah dRie- 55 2l Sod FIMInp ays

are configured to fif t installation Space by assenbling a plurality o

LED uni t s.5 An11-803U34 in Uapdnoonmddt.f25)nS99¢ te 2éhtemts rof xvhishr ase intofgGEtedEDs
arranged on a substrate board. Further, an LED display is provided with a
driver circui BereHpR By &efgrenges.vi ng each individual |ight emtting diode.

Speci fically, each LED control device, which transnits displ a;”lmmumlmmmmmﬁh
LED unit, is connected to the LED display, and a plurality of

connected to form one | ar ge-BACKGROUNDICHPTRE. INVENTIGNNUnber of LEgkgai t s
used increases as the LED display becomes larger in scale. For exanple, a

| ar ge- scal e di spl aylheapregset inyentingr kslaigs 1@ a1dplayr aprasatbs previdad withod LED
units. T L i A : ] LVED SIS j i ] hod,
and speci 10 caPHEARE R ighE Emutg S8IBLE <oh (4 IGHCLAMAP dlougs HrtalRl FH 100
30 For exanpl matrixdisplayrpanel, aat toritstmetkod bPoperiation.each LED anode in each 1
line is connected to a conmpn source |line, and each LED cat hode in each

colum i s connect ed ¥EHYc SR redsr groRD. I"’i'}‘i’e.m”fhéﬁﬁp) illget e digdete
lines are seqﬂ_;gﬁ%ab# y1ddéﬁﬁﬂdofi”m5&r K4VRP 1R%n Vbl Gndd, CKd | RBACARIH o For

-exanmple, mli commoDn sour ce ne swtching is perfornmed via decoder

circuitry baslamgebscale tIED adispiags has hezbome-possible, Thiesa ILHDdisplayedioed to a
sel ected commpn source |ine were activated in related art apparatuys, charge

accunul at ¥l i i¢akiBas sUeh 3B loBPqUuEnCORSHHRBHGM: dghlessh uveighteand HigpossiRiily ce
[i . W . i
e openne. BF IR SHRY G BRA! DER SEE bRt bE

devel oped as a res rge her'r "I hacti ve peri od.
As a result ofisadout doocd)hasinctdzsed doarhatidallgd to be off emitted | ow | evels

of light and sufficient image contrast could not be obtained. . These types
of ef 19 ects caused |f§5tlcéi§/ |4ﬁ8%(§9ql9 displavsare configured to fit the install?ationylo

space by assembling a plurality of LED units. An LED unit is formed from a dot
20 matrix array of RGB LEDs arranged on a substrate board.

Further, an LED display is provided with a driver circuit capable of
driving each individual light emitting diode. Specifically, each LED control device,
which transmits display data to each LED unit, is connected to the LED display,
and a plurality of LED units is connected to form one large-scale LED display.

25 The number of LED units used increases as the LED display becomes larger in
scale. For example, a large-scale display can use 300 vertical x 400 horizontal,
or 120,000 LED units.

The LED display uses a dynamic driver system as its driver method,
and specifically, the display is connected and driven as described below.

30 For example, in an m x n dot matrix LED unit, each LED anode in each



Thus, the object of the present invention is to reduce the effects SLU
accunul ated charge and provide a high quality inmage display appa aa Lan?<903
i't's 15 net hod of operation. The above and further objects and features of
the invention will nore fully be apparent fromthe follow ng detail ed
description with acconpanyi ng drawi ngs. 20 SUVMARY OF THE | NVENTI ON The

i mage di spl ay apparatus of the present invention is provided with a dot
matrix of light emtting devices, driver circuitry, and a switching circuit
section. The dple RBédrinecicd @ &Icohmthor ¥olrcel i tarNéddh DED dRhdRS inrea@Nged
inamtrix of mlines and n-colums. One termnal of each light emtting
device in 25 ecpitimods connecteddo mrmemnach carrentdimer me mi-linegsomimen stigcelines
termnal of each light.emtting device in each line,i§ connegted to a
conmon sour ce 4rPn%§q%BP"§&Irtumerdc?ﬁ‘ ?erg'ﬁB'ﬁYr"ﬂ atmgsﬁ\b§alp§§‘°8r FWe%GH“B'@' in an
active or inaghiine &nith i %lfo ] j i t he
di splay dri vquclwigve stg?g,%@r@ﬁi\?g%@itapc i"tsry C(r)rqu%!rjo sagégggggtﬁ?l’gtﬁ@g?si@ne end
of each corfmhororstheraderédssigraabhd each current 30 |ine according to input

di splay data. The swjtching circuit section, floats the other 2 end of

each common source HIEVER WReN d&Ds eoriedted 10,@ soJRpied :OMMEN SOHE® MR of
all commpn so i t i kLN i I Sinfe

di spl ay appar ;‘{I ﬁl‘s% éégﬁgfegema%ﬁ%%gt%d} A&%‘UFI gﬁ%ﬂgé%@gﬁlﬁl‘%}[e e\[;ll hgﬁsagfrll eir
peri phery in ttEDaconnected ab aynsekectéids corangadsouree tlines.sWhenhthege Tommanui t
section during the jnactive state. Consequently, the effects of charge

accunul at ed dRAWEP H’g‘ﬁﬁ Weith?rhﬁﬂﬁ‘éﬁﬂcﬁ?‘cﬁﬁs ﬁ%‘@%’&t_rqedéﬂpﬁ_j gh@ resylt of ¢ligr vi ces
Feal i zod 1 (ARG el ACA gD, AUZdebiit b PCHRLARY SECRABRAAINE, 7
circuitry can tbebe ofifangitiee dbvateveisuofi light @hdcsuffickerit image mentsaéttaohlmbok:be cuits
connected to 1Q.res tive co source |ines, and a constant current
control ci rcuiq%tg'gﬁai .Seﬁwetsrra}oegfeﬁﬁ\PéU§%%9§P%a %‘éﬁty@t%raéiéﬁ?%e swi t chi ng
circuit connects a ogseiHe 86id iS4 ' gl sfdced Py an
‘i nput address signal. The coﬂs?‘gﬁft &%uﬁ%ﬁﬁpf:nc?réim@r%?féﬁl{&@s@cti on is?
gr 1(:)vi ](czled with acF:nmu}af ted Dngfgnld?)idyidmadngt 'dMUlalhyirggg%displaylapp?ﬁth alfgl it$ evel
ata for n-pixe sequentially inpu i spl ay ata. In e active
state, thésgorfg?tz‘ﬁg Oéﬁpgré’ﬁP“'control circuit section drives a current |ine
for the pixel |evel tedidoveoUricPRRABFbBRC o TedturkS OF thd RiyBnfdr Wik t e
memory circuit. Further, the present i'nvention i's a nethod of operation of
an image di splfally depappedrest ponviheeidlioning detplled alestrjption Withylriccempanying
devi ces arrang %Wirl%ja 20 dot matrix of mlines and n-colums, wherein one
term nal of e ht emtting device in each colum is connected to a
current line) and the other termnal of each light emtting device in each

line is connected to a common source line. This method of operation is
characteri2fed by inclusion of SUMMARYORIHE INVENTION and inactive states

according to an illymnation.control sign whi ch .contr.ols the 2 at e of
T nati on, “a st e HedTEGR DRV ARRAIRLS Bh e S RGN TOrReIah & BPViSEANl Cmon
source |ine argbtomatrinef Aghicamittisg dediebs, tAver Birduiey,a&id ee switdiing avearl on
i nput display data, and a step to float the other end of each comobn source

line in the adecliensibe ¢loadetyx du@dplurality, ohdight emitting dlevices arasgedolir 2 e
|1ne in the | Taskid miifks and h-tdluhRS. ORBWrmTihaRlrBachRRBAE Bhitiing ddvicBliRCd ©f

operation of the presen
25 each column is connected to a current line, and the other terminal of each light

emitting device in each line is connected to a common source line. Driver
circuitry controls the display drive to be in an active or inactive state depending
on an input illumination signal. In the display drive active state, driver circuitry
controls connection of one end of each common source line and each current

30 line according to input display data. The switching circuit section floats the other



3 I nvention, charge accunulated at light emtting devices and their
periphery in the active state can be discharged via the swtchi ng%ca' rmi 2003
section during the inactive state. Consequently, the effects of charge
accunul ated during active illum nation of prescribed Iight emtting devices
can essentially be elimnated, 5 and a high quality inmage display apparatus
and net hod of operation can be offered. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a conceptual drawi ng showing the structural format of the 10

i mage di spl ay endrAeath Sofim@sAITES ihdTRNthe @lctivd Stald 6@ BdnridtieRbiolir dridg. 2
s a block diagramshow ng a specific exanple of the inmage display

appar at us showhall gommen soures fnesdo igsoundan dakinactiver stateshowi ng anot her

i fi | f, t A i spl tus, 15 Fi 4 ] ti
i agr am show ho. conlibiis SRGE dipRcabaf RS, Buatie At Bied sl To Arplne?
the image di Sﬁieﬂweé%hartﬂéw%eﬁPmm:ﬂgl hgt(i)vegistg@-!-ﬂ HisEh 758N Pthe @WitehingHE

PREFFERED EMBODI MENTS OF THE . 1 is a Conceptual draw ng

i | lustrati Ag @irciitregetiali dptiny the inactives state. o Codselueintliy, theseffeothiohghaigecui t
section to dischar accunul ated charge in,the dot matrix, The display
appar at us of ﬁcgvmﬁﬁi%dpévms ae'a/ewﬁwn'ngﬂomeb%%ﬁcnﬁﬁ@ fight emitting eeMces®€sour ce
swWi tching cirGdidnt ; ; oy | tol ; and a
swi tohi ng of r upenilly BHERELSE Bha Gl i Rhalkp Bhid aEhag dbpasfb 6 RUZ 25 O
as light emtting devihedmageulisplay apearatushofrthé peesehElpvention, alriger dieuitged as
the light emtti Qﬁe devj ces é%% The LED dot nmatrix 10 i s a,gl urality of
LEDs 4 arrang&8"i cqnfigired,as msugity rﬁi"“f?é‘ﬁ SPYrce JydtcRing figuits, FornNEcte D 4 in
each col URD i espRBgs b6Mnidh Solréd ifdl, ahb ’Eccﬁwsltérrh%ugt@ﬁfi@orﬁ?oz g@m ddeoft. 1 N

each line is connected to a common 30 source |ine b. The current
sour ce swi t chilmthecaetivei state, acupeot/salirce switthing singuiteonngctsi a currerd spliragh

cor T e5Pond. ¢ Oy MRS oBfnck SR e slec Aty R SRS e SO, TR S5 ghbs
ggmg sour ce glirBfRt RoRPoICElraft B¥ctifCisafviRicy MtAN@bniory dirdaitd, | dntiMitRédel on
memory circuits store pixel level data for n-pixels of sequentially input display
15 data. In the active state, the constant current control circuit section drives a
current line for the pixel level width corresponding to pixel level data stored in
the memory circuit.
Further, the present invention is a method of operation of an image
display apparatus provided with a plurality of light emitting devices arranged in a
20 dot matrix of m-lines and n-columns, wherein one terminal of each light emitting
device in each column is connected to a current line, and the other terminal of
each light emitting device in each line is connected to a common source line.
This method of operation is characterized by inclusion of a step to control active
and inactive states according to an illumination control signal which controls the
25 state of illumination, a step to control conduction through one end of each
common source line and one end of each current line in the active state based
on input display data, and a step to float the other end of each common source
line in the active state and ground the other end of each common source line in
the inactive state.

30 In the image display apparatus and method of operation of the present



5 specified by the input illumnation control signal. This supplies cur rZ‘f]Bé
to the LEDs 4 connected to the sel ected common source line 5. (30 FhilL
constant current control circuit section 3 is provided with nenory circuits
to store n-sets of sequentially input pixel |level data. The constant
current control circuit section 3 drives the current lines with a pixel

| evel width) 10 corresponding to the pixel level data stored in each nenory
circuit, over the time interval specified by the input illumnation control

. Loy T . . . . . ' oo h
common’ sout ce oAU Bidge dh I aE B YGR, epiiRhantds AL PSR B o
iIlumnation apatacte stag@@dan W disetiayed vid the SWRPHid Sir@iidsetio® @afing gvgmon
source line during the off 15 interval f?non-l | lumi nation interval) of the

el

i nput il | uni ndbadiive cdater Slonseguritly, the effents pf ghargepaccamudated woring @ctivsov e
configuration,,on-off switchi. f . fhe.current source switching.circyit 1,
The constant | dupPERion hekieBRs Jant S5 BR%es BHn Sl M rGhERHc i
section 2 @ e gd a Mgt QU iﬁfé@@rdiém&;hhﬁpéﬂ&ﬁjé_ Ahd'MdtAbd @R opardiibR | cafi tnal .
During the illumnation interval of the illumnation 20 control signal, the
current sourceftefed.ching circuit 1 and the constant current control circuit
section 3 are activated, while the swtching circuit section 2 is
deactivated (each switch connected to the opposite end of a commobn source
line is off. Wien activat egr|tROESEHIPT O@Qﬂff;gEWﬁQ'ﬁ@@ circuit i
connects a common source |1 ne selected by the input address signal to the
current source. 25 Kig.thiis a coecepiust drawingastiowiong rthetstagturaloformat ofithe

section 3 drives the current lines with a pixel |evel w dth correspondin
Co bl vor 1o iagp Apfay dparetus BEAN BETGHG SE e resentD G e, | Lo 4
connected to the copppre $OW sRckidifgra®l SdvAg Y spB&fiedkaRple of dRimade

ilTumnated with the pixel |level width corresponding to the associated
pi xel |evel dalisplayapparatus shawnie Figedcti vated state, both the 30 current

tchi . e h . col o . .
5""°3 are deacti varbh, S ihid SckcTedRT sArG: padfer SBRMTE oSMPE STl oo
Consequent |y, igage dgspRlyf apptirgtyal s i ndi cated by the illum nation control

signal, charge accunmul ated by each LED or its associated connections is
di schar ged% o gr oun#igyidds @dirhing|diggsamsshowirtg ¢ammbe seufceatriveyand switching

tion 2. Ther ef LED it i at ed ti do not
accumilate chalgutyraaPorRs e oA el arbaialis S8k FF0 1 uni nat | on

intervals and off intervals are sequentially repeated. LEDs disposed in
each line are segﬁgnti ally illumnated during each illumnation interval,
and the desiredEMBED B Pl OdnThik £ RERFERIED reNMBORIMENTHPR THE s
system charge accunul ated by LEDs (OrNt%ﬁir[QﬁSSOCi ated connections) which
are not illumnated during an illum né\ty erval) is discharged during
the next &fof intervglg 108naBHestlA) drewingBustiing | drl dR drRplayHppavals LED
il lum nation can be controlled with each LED and its associ ated connections
always in a dipeYidedywith& switching sircy saetiatoatischiaegeyaceumulated shangs in the
Accordingly, t Sspl f . Fi ; LS -6 i.ppge
contrast . and G4F gk THe BRARY YRt Bl Py 3, i€ PRafied Wil LE B0 matiR
i1lum nation cl@narcurrentisolree 3odtoting e\ ¢dmstdnt ichrrenaf éantios ciduitcdeatige

accunul ation. Turni n(s; tqQ . Fig. 2, the follow n? descri bes a_ specific
configuration %@"Br?e ‘ﬁitglﬂ'l‘%g"‘&ﬁb%ﬁ“&f’%g- &he displayy appasatus o &ig-i buses WERs g. 2,
i tens whi ar. Sl ASa t i i r 1 me
part nunbeqrg. A% I@S&n |ng é@\é@é@ﬂl{??‘igwg% 5{&%{ thlag}%)eé gﬁﬁt%ﬁ?%&}é?g%ﬁlttﬁél of
thi s specifi c lighbeitinendevicesri ses a decoder circuit 11 and commobn source

drivers 12. n_the illuymnatjion control signal_is in a digital signal |ow
state ( %gg,vﬁﬁk%@c%%‘éré' | Ml 19 35 oRfats of HERS dnBrrageRs &b g Mles 12
on or o or S OLBIRA

sel ected by t hrgb{g%@?erg%ﬁéi gﬁ‘%ﬁg‘%gﬁ?g %%IPP??Stmhn%&cl?‘on coﬂﬁggf’&gel%%d;ﬁ ?s in
a digital sigreatrent lijte 81 EieaiodeGf)eachhEDdii eadh Kreviscemnmectedho magcotmmeoni t 1

controls the como _soirce drivers 12 via the decoder circuit 11 to
di sconnect3%al ISOHE%%W ource lines fromthe current source.



30 When the illum nation control signal is LON this type of current source
6 .switching circuit 1 connects only the common source line 5 02 3$ﬁ“}§mﬁ3
dot matrix 10 selected by the address signal to the current sourcé. e
constant current control circuit section 3 is provided with a shift

register 31, menory circuits 32, a counter 33, data conparators 34, and a 5
constant current driver section 35. 1n this type of constant current

control circuit section 3, pixel level data are shifted n-tines by the

cor respond: ng @S TEHOREE, Sefleig Byt Bl Bra b ml S ERERSS, o
in, respecti VveyHEHB6YedpohdWol ﬁpé?aré'bohﬁédié@f’«% éébharés?éetlve%dmﬂﬁoﬁisan@b- When

the illumnation control signal is LON 10 the output signal fromdata
conpar at ors 34ing $. iThpuaurtept shercemvdtching cincuit dnconectsea current sour@sto thee dat a

conparators conpare pixel .l eyel data w.th e val ue outpyr froma couynter

53 01 oakoed by CAGNLFOUTER iné Bselcleey Heddrestdon fonbeIbmDRIOrREoR  The
tant L i 0Nt : f : toi

coth our ot Epeciied by g RebltcHlumalBRIhASL SiGfall THE lodies gl EhePrt |7

pi xel |evel daEDsvatermeckss tddbe seleeddabmneon $decelime 8nt source swi t chi ng
circuit 1 and th&_@constant current control circuit section 3 perform LED

di spl ay pi xel @b canstan| currah qoptol cireHi sagtiogn3 cignproyided; ity meraory oy
When the illumg [ t ' LSl t L | %t ot
connected to t rgtﬂgs.'ugir"gﬁt{?@;@)&%&s{ibﬁ\%@bgﬂlﬁlﬁg& ?gmcti é]g%'i FEQ ?pgr%tmﬂécggﬁt%ﬁt
current contr @urrent cantriol siecuit sectidn Ievestthe cutrenifinest withh aquixd! level eidiimal i s
H GH the vvitchigg)clrcuit sectjon 2 turns aoan switches to ground all

comon sodPce PITREONING Jo-the pixef levelndlata stergd 48 Aach memgRacireult, o¥gy the

swi tches are tg yor i fhinad n source lines 5. 25
The di spl ay atpt)g;érﬁgﬁz\g ' %Fé§{|§ E%%ﬁ??tdﬁdr@gg{éasn ﬁie'{str(‘:)flg@ggl' above drives the
LED dot mat ri X4)10hevswitcbingsticowit sadtior® floatsi the opposite endest eadiedomBEos when

Srennl e 11 csoleB e fterch B Ringianes imednGgyan G e hhy MurERasS dabfo |
this state, agggallapbiQFourRfE tHE JppE4IRY & bR CBrinTE %ur&@ﬁnégﬁ?irﬂﬁ&erﬁﬁ”i X

10 and its 30 associated connections is discharged via the swtching
circuit sdéti dneal (non-illurhivatiorbintkrvahof the inpiugilluminkdivordobtrdl sigmle i s

i d .t dri t he. LED dot tri, O with t t t, th
O et o cont i SR A55er 5 Wil P9 Bt eSRRan, S S BTe °
section 2 on wWeaurtdif sblifceawihingticaRy ! tle oheRat c&ﬁeﬁ”ﬂ'c‘éﬁlroi‘@?ﬁ&ﬁﬁ?éeﬁoﬁhe

present invention is not restricted to this system 5 and control may al so
be perforned @ tand ke Is@itthiagetirauitd séttiohl 2 earel all eperfosmed @cronding toothei g. 3,

anot her enbodi.pent of the inmage display, apparatus of th resent .invention
s shown. Bl efipaatin sotirol Sighatc Pulng the ditiatan, intervel ob aherilimingto ' 2
are | abel ed wcbhtréihsgrfed MhePdlrteril Wobfde smt&idggaamnlﬂ didSthleadorfipdicafrdgt Shown

in Fig. 3 is provided wth a sw tching decoder circuit 13, which separately
control s each conjrelctircgihisestion & aee golivatad, iwilei the switching cisguitosectipe 2 is

circuit eect | SRR tHabprsi R i ReRefiE oS Sphfictiesd o Ctortln HiplEC, ™
si gnal and thding lid off). Whermctivdted Othestugremt soMiensitthind tivcainidoanests r ol
signal is logic 15 HGH the swtchi n% decoder circuit 13 controls only the

switch sel ect SAMBIPN $RureR ine salected y thexiprub agdiess ¢Ianal {0 tecwmBAUEBur ce
line connggt St bfds HR@ th%v\@c;lﬁtk}nt%rr&%@n‘rbr%rcuﬁlshcﬁo?@'dﬁb@@ﬂ%"\&}r&rﬁ?ﬁn&o'[
sel ected by the address signal are , and al'l" remal ni ng commn source

| i nes connect edthteopikéldeeel witthcdiesespordih@td pikéldeve! miata 8@rddi éaom mgmanagr am
of Fig. 4 shows display apparatus control for the current source swtching
circuit 1 com@BeHisdufie neanngsr LERS 4eannesleddadhe samman seyree dingrselaeied

comon Sour ce o the B8ERS Banal &R MR dhel IV i cesfotify 14'E
swi t ching cir eng tassegatednpiRel RiveAgathdwmhier ini the deavtivaiied lxeate) both that i on

control signal is logic LOWN = o i
3 current source switching circuit 1 and the constant current control circuit section



the current source swtching circuit 1 controls the conmmon source drivers
12 to' connect only the comon source line 5 selected by the addé lﬂ_lqggg
to the current source. Further, when the illum nation control gd“

|l ogic H GH, the swtching decoder circuit 13 turns only the switch sel ected
by the address signal 30 ON to ground that comon source |line. For exanple,
when t he address signal 8 Is 0 and the illumnation control signal is
LOW conmon line 1 is controlled ON, and the current source is connect ed

control 1 ed CrE NBxeooiafd | Whiadind ST o8l SRS TR R on
control si gnalcms@dﬂughj mq:wruntems 1nd|§atéd)'b§/rtﬁé|lm3inlﬁaﬁ&|:corhtfbl jal,i on
only SWL connected to the other end of common line 1 is controlle ON, and

only that comebargessedmulaterkby eagft bERMwdts mwtadconmmnatmscmmqﬁes to
the inactive s ateénot i [Jum, nat cwt

hi
i medi at el y cRYTH 4 gaeh g'\?ﬁ?%ﬁWﬁ@" @*8&“@“’%‘@@5&%@9 g iﬂ?\rﬁ QR mmn
source |ing cQppeahgdrst Qséda%&e&%@nnaaioﬁs'oﬁ) Heﬁscéwnﬁatfeeﬂ%aégg'ohdéptrws@vent

accurnul ati on of charge when an illumnated LED I's turne I'n the manner
descri bed abowenditiomson source lines 1-6 and switches SW1-6 are sel ected

di to th d th t I d
wi tches ar o cont r obHeAERNBh epTEon (Tipials ARG BUPUaso Soderkaly
|1 t
1t o sogiag) (e PR &l PP LS Idhinalnd cbing eaeh 1 s

di splays a prduoinatiod inteagd, and theeddsiibd doagenis dlspdaydechon hihe LEDsqldtenyatnx
apparatus, .only the. switch connected to the . s dc n.source line is
o ned aN1OThaYt ol st aiaras REHnHIRG B GGt (REoREt: PSRRI Eos
is reliably prc@MﬁéHﬂGﬁ &Swlcﬂ Qe | ﬁ&lehlldrﬁihét@li“é&ﬁdr%g 0 iluAeAsiom sRkRal,ed LEDs
can be 20 prevented. his invention may odied in several forns

wi t hout depar tdiswgatrguedrﬂurimg thei next off uﬁeryelntﬁcmsemummacdunmgttm@:cllwmeatmf t he

oresent erboERby WED NERGAT.ohr b B RS R0F Al LEET 5P ShiaiBoriahcs,
the descripti @anﬁé&@ﬁ@hMyB lve Bdistharitd State wilhaRO@Svariad chatgk amnalmgn t he
nmeets and bounds of the clains, or equival ence of such neef's and bounds
thereof anb t her ef ohecordinglydthe displey appanatiseef fiig. t ban obtdimsuffioient imaget i s
claimed is: contrast, and high quality display is possible. This is because illumination
control can be accomplished without the effects of charge accumulation.
Turning to Fig. 2, the following describes a specific configuration of the
display apparatus of the present invention. In Fig. 2, items which are the same
20 asthosein Fig. 1 are labeled with the same part number.
As shown in Fig. 2, the current source switching circuit 1 of this specific
embodiment comprises a decoder circuit 11 and common source drivers 12.
When the illumination control signal is in a digital signal low state (LOW), the
decoder circuit 11 controls the common source drivers 12 on or off for current
25 source connection to the common source line 5 selected by the address signal.
When the illumination control signal is in a digital signal high state (HIGH), the
current source switching circuit 1 controls the common source drivers 12 via the
decoder circuit 11 to disconnect all common source lines from the current
source.

30 When the illumination control signal is LOW, this type of current source



1. An inmage display apparatus conprising: a dot matrix of a plurality of
light emtting devices arranged in a matrix 5 wwth mlines and n- qjgmﬂ§2mm
one term nal of each of the light emtting devices disposed in eath colum
Is connected to a respective current line, and the other term nal of each
of the light emtting devices disposed in each line is connected to a
respective comon source line; driver circuitry operable to control an
activation state to be either active 10 or inactive depending on an input

|1 1um nation ngfi%lf:niﬂé ol ciRtherd %n&ﬁeﬁé&@%ﬁné{g@k&cﬂﬁg W E)P kne® PRAUGH! ON

t hrough one en ach conmon sourc Fent ['Tneé based on

i nput di spl ay rAgtir:10aBRcRdDY the Ridaeeseisighal fo theelirrem sdvedeabl e to float the
ot her end of each common source line in the active state, and to ground the

ot her end of each 1%he@ensianteuirert canel iciictihsedtioncs iiy prexidad withnae shiftn sai d
driver circuitry. is provided wttk urrent, sQurce. sw tchi cilrcuit with
m swi t chi ng cirﬁéﬁ#ef sgch??r@g'afoﬁ'ﬁqu%aq% %é’BH"@B%ﬁD _aé%ﬁPewarﬁqﬁfé %%d?ncf f the
active stage, RAEPCIFHR it Edtfon W5t ﬁhﬂhwryg%gpaaﬁstérﬁ RPehebdirdl eir@mnnect

t he conmon source Plne sel ected by an I nput ress signal to the current
20 source; anceatimr 8,npeal dewkli deta aire cshifted/ n-Himpsoby dine ehifh ragistensinant

current control circuit section. havi enory circuits operable to store
Sets of pi xanREEFaten Wiop Shib CbeR Tare aYe el paitesar SR o aaeh SR, fn
the active st g.grettlifed ARSH8E edGHI0, BRY ffd?@él iR lreGidcive heﬁ?&?'cﬂ@uitssaﬂﬁerabl e
to put the related current fine in the 25 conducting state for a pixel

| evel width coespmperdianigtdhociotic signakWher te iammation cedtrolnsigallis 6OVEai d
menory ci

R R M R T g N B

mlines and n-gRbréattion 35C A QbR &ImERalorLEorhpsre ptet IcleF BRGSMEH theMlue
output from a counter 33 clocked by a pixel level reference clock used as the
counter clock. The constant current driver section 35 controls the flow of
constant current in each current line for a driver pulse width interval

15 corresponding to the pixel level data value.

As described above, the current source switching circuit 1 and the
constant current control circuit section 3 perform LED display pixel level control
when the illumination control signal is LOW. When the illumination control signal
is HIGH, the LED dot matrix is not connected to the current source switching

20 circuit 1 or the constant current control circuit section 3.

When the illumination control signal is HIGH, the switching circuit
section 2 turns on switches to ground all common source lines 5. When the
illumination control signal is LOW, switches are turned off to disconnect (float)
all common source lines 5.

25 The display apparatus of Fig. 2 configured as described above drives
the LED dot matrix 10 with constant current to illuminate prescribed LEDs when
the illumination control signal is LOW. When the illumination control signal is
HIGH, constant drive of the LED dot matrix 10 is suspended. In this state,
accumulated residual charge in each LED of the LED dot matrix 10 and its

30 associated connections is discharged via the switching circuit section 2.



each colum is connected to a respective current |ine, and an anode of each
of the LEDs disposed in each line is connected to a respective ?m ggﬂao
source line; driver circuitry operable to control an activation®stat e
either active 5 or inactive depending on an input illum nation control
signal and, in the active state, control conduction through one end of each
common source |ine and each current |ine based on input display data; and a
switching circuit section operable to float the other end of each common

source line in the ﬁ*ﬁéiexﬁ’oﬁrﬁéﬁh of"‘ﬁg;[. tﬁ’g&é%@ﬂ dfd%e ¢ 5‘)‘?%&&% & @ thel O

common source line in the i nactive erelrn sail Iver circuitry is
provi ded wi th lEER dot matrixstluwith constanhicogent wisen thevillarhinatismicoatiol rsjgnal iscui t s
correspondi ng tg.each commopn source |ine and, in the active state, sajd

current sour ce-QM aRhINKM thectwitching eitssitSerton g opheadhe illanigdioRsendelr ce

wherei n sai o HVLS G FOREVEs sth Bl dibR 18 Yol Ellrtee Bt o
circuit sed i cihdhauhtidl MRPAl¥o Chd PHrfosmeaewii!the t OB MR NarRie HIGHT RivSE!
| evel data of the sequentially input display data and, in the active state,

sai d constant reversedt control circuit section is operable to put the
related current line in the_20_.conductin tate for a pixel |level w.dth
corresponding to t hi’um’?n?gb{}) F'@vgl aaéoj#ﬁr SF%Pgﬁn(fr_ﬁ oé@&m&e?gesiﬁglam?@u?s _
circuits. 3. Al thepisseht Fivedbiord ROShAWHISERMeNES bt FE. BNwRitRigi the whReeds sai d
switching circuit section is a plurality of switches connected between each

conmon 25 sourtbese ph&igend ghdthare Jabeled witigthedsame aiarapwabet (Kheainageei t ed
T dg, A OB b PSR B RS L A B o
i 11 um nation twhiieseparatelyoédntrold18act Switch Se1-8@f thd sWitdhirid arcursestian . of
the illumnation control signal, said switching circuit

The switching decoder circuit 13 controls each switch SW1-6 of the switching

circuit section 2 ON and OFF based on input signals such as the address signal

and the illumination control signal. When the illumination control signal is logic

15 HIGH, the switching decoder circuit 13 controls only the switch selected by the
address signhal ON to ground only the common source line connected to that
switch. At this time, all remaining switches not selected by the address signal
are OFF, and all remaining common source lines connected to those switches
are left floating.

20 The timing diagram of Fig. 4 shows display apparatus control for the
current source switching circuit 1 common source drivers 12 and for each
switch SW1-6 of the switching circuit section. The common lines 1-6 shown in
Fig. 4 are the common source lines connected to the corresponding switches
SW1-6 of the switching circuit section 2.

25 As shown in Fig. 4, when the illumination control signal is logic LOW,
the current source switching circuit 1 controls the common source drivers 12 to
connect only the common source line 5 selected by the address signal to the
current source. Further, when the illumination control signal is logic HIGH, the
switching decoder circuit 13 turns only the switch selected by the address signal

30 ON to ground that common source line. For example, when the address signal



11 section is operable to disconnect the common source |ine from ground,
and wherein in the illumnation off state, said swwtching circuits is
operabl e to connect the comon source |line to ground. 5 5. An irﬂa@eJUli.sZﬂﬂay
apparatus as recited in claim3 wherein said switching circuit section is
controlled by the illum nation control signal which controls a state of
light emtting device illumnation to be on or off) wherein in the
illumnation on state, said switches of said switching circuit section are
turned off to;dj of 1 ha. ; Woe einin
the 10 111 um napig BF fhfifion SO SEHACR LOFodryoh $h 110 comfitel TR0

section are twndegieurient eourseds conRected Tty ®Othat Gomniridd doured MdAt this An
i mge display apparatus as recited in claim1l, wherein said swtching

circuit secti dne,alldhe pyitthestDNVdiGawreandroliet OFFo Mewh when the addness sigoah

ground for 15.a.l0ai¢ LOW. |l um nati cpntro i,gnal for. |ight 1tting
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H GH i |1 umgnatdmm igoadditdn shIgnaW 1f &nrelcldf toetHel bthBE el \df C@ntiRgs tihg at ison. 7,
An image di splay apparatus aS recited in claim?2, wherein said sw tching 20

circuit secti @onirglled ©Nir and tgnlpfthatwicomimemn sourceclired idh eprowrelede Wher cimon

Li d 8 An i di spl tus . ited in.clai
> her oi n salBrORREENHRD P iF e cbrrBts Pt oRPt iR ihe “FridiHhar i on
control si 9”a|de\6’8!iér*bitf&|9ﬁt1BQh?ne’ﬂia&ély%oﬁﬁr@lsCtﬁ? %Fﬁceﬂiﬁ difddieddcion bQo%?tg}H or

off, wherein in the i um nation on state o iTlumnation co

signal, said d$heteommen sourcei lines eonnented do dpatr bBDe This 8 deren tee effectivelyc ormon
source |i from ground. and rein in the il.lummnatjon off te, said
avi t ohi ng 101 r Pyt RS ipuAtln & el when e TR SR BE N2 Lo or ound.
30 12 9. An i Mg theshamerRBIRId SRR, EaRioAdouRtedlns-8 anb eitcRess ai d
swtching circuit section is controlled by the illum nation control signal

vvlh: ch control §W156ca@ese¢ﬁ0ﬁ1¢@3qqrdium1¢|§16 address bignalnand thef selectad commam t he
turned of £ o Buirbs 3R futdes e ol O BLOFF, BP oW S HERT e, &1
in the illum ngidi®orofofHe flupiigationaicOntol bighals BY dudBessiel ¢épétition! HL WED

section are turned on to connect the comon source line to ground. 10. An
i mage di spPay ilspaaton andsorerqn seurce liskgravundingiribiscimageadigpiayiapaiatds 10

ground for a KRR DR s Fupod BRURTGER 08 SR T 10 dbicy Alnar bR o

connect the c@mPihes SWitdreconrzetddotodtheuUssledted conin®ii Sodrtétink!ib udineat®RN
control signal for LED deactivation. 15 11. An inmage di spl ay net hod

conprising: pridereforey lawdlevelsuirent owathsoughalunsgiected linghtl B dg iralptiievi ces
to be a”ange}(gg@enﬁ‘e&%ﬁa oW Tdbel™ilidRFRudN dof 1fde  IRSiSHER ERBE 84F be

termnal of e
20 prevented.

As t_his invention may be embodied in several forms without departing
from the spirit of essential characteristics thereof, the present embodiment is
therefore illustrative and not restrictive, since the scope of the invention is
defined by the appending claims rather than by the description preceding them,

25 and all changes that fall within the meets and bounds of the claims, or
equivalence of such meets and bounds thereof are therefore intended to be

embraced by the claims.



of the light emtting devices disposed in each colum is connected to a
respective current line, and the other termnal of each of the |ight
emtting 20 devices disposed in each line is connected to a respéb gi JUL 2003
common source |line; controlling an activation state to be either active or

i nactive depending on an input illum nation control signal and, in the
active state, controlling conduction through one end of each commbn source
| ine and each current |ine based on input display data; and 25 floating the
ot her end of QBHQJEBéiWEH ource line in the active state, and grounding the
ot her end of each Tormmon source line in the inactive state; connecting) in
the active state, the comon source |line selected by an input address
signal to the current source; and storing n-sets of pixel |level data of the
sequentially |1nﬁumlmg§;§hwjﬁy@np@raos 8QMApIisIAGt he active state, putti ng the

| at ed t | f, I i dt h
cor r espondi ng o ¢ ng st S Ralreldy Tl miting ot ArhckBp YR hoo
as recitedsi N vairandnks. aﬁmﬁfcsiunm%abﬁeftémﬁéurw éa%h%ﬁhh@vﬁﬁk EittiCYdvideRy a

plurality of switches to be connected between each 5 common source |ine and
ground. 13. Ardlsnmgélmqeaqh @yumeushcnhmstaddo|atreelpeo1nve|carre1ntjlms, ametheiatherhe

i1l um nation ontr | ols.a state of the |i emttin Vi ce
i |1 umi nation %mPJB 5‘%“8% fhe Rﬂ?ﬁ‘i?@'%”ﬁl He‘('ﬁ%s 'FP?ﬁﬁqutq%Gh ligh i eAECHEA ¢ he
i | lum nation Q@%tré%e&vg@%mdnf’s%u?& fffPmon source line is disconnected from
ground, and wherein in the illum nation off state, the common source tine

i's connected to grodrier cjmwtmmpler&b@tajcmmmganraetlvmmnamahedmbteeejthenacﬁval m 12)
wherein t il lumnati ntrol si . controls a state of th

e t 41 ng. dBvi 8 aqtie;dRRerSRo (e it yraaadsprconfipls@hel i iR dne alive
ilTum nation Qgats! 8éMrol ldbRdE¥INCIMPSUGH Bné WhadofobdcH BoMhMOSERES line and

each current line based on input display data; and

a switching circuit section operable to float the other end of each
common source line in the active state, and to ground the other end of each
15 common source line in the inactive state;
wherein said driver circuitry is provided with a current source switching
circuit with m-switching circuits corresponding to each common source line and,
in the active state, said current source switching circuit is operable to connect
the common source line selected by an input address signal to the current
20 source; and
wherein said driver circuitry is provided with a constant current control
circuit section having memory circuits operable to store n-sets of pixel level data
of the sequentially input display data and, in the active state, said constant
current control circuit section is operable to put the related current line in the
25 conducting state for a pixel level width corresponding' to the pixel level data

stored in each of said memory circuits.

2. An image display apparatus comprising:
a dot matrix of a plurality of light emitting diodes (LEDs) arranged in a

30 matrix with m-lines and n-columns, a cathode of each of the LEDs disposed in
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t he common source line fromground, and wherein in the illum nation off
state, the switches are turned on to connect the commobn source Ii2n§ JuL 2003
ground. 15. An inmge display nethod as recited in claim11l, wherein the
common 20 source line is disconnected fromground for a |logic LOW
illumnation control signal for light emtting device activation, and the
common source line is connected to ground far a logic HHGH illum nation
control signal for light emtting device deactivation. 25 16. An inmage

di splay nethod c i sing: providing a dot matrix of a plurality of I|.ight
e Lt ng| i 0adech CaMa EapopBecter dh adadhertie Prting eRd Bpinaue ohageh of °
n-col ums suchnhd h&psaqissddeada é%fchelﬁ’féhispéonh%tegﬁgsa pés@geﬁ%dcdn‘?m@ﬁ%guf‘c%l um
is connected to a respective current l'ine, and an anode of each of the LEDs

di sposed in edich; line is connected to a 30 respective commopn source |ine;

14 controlling aa .activation state to be either_active or inactiye
dependi ng on an i npHEVENATGHENY APemble heerirol angetivatighsstaterfoiheeiier actest at e,

controlling c 1 one: apf . [ : A each
current 11 o Ehdar e b8 AG AT i 1BmiEARR SRHE Bonar ¢if 1 o808, °C1
each conmmon sewdteechnthst dondubtratirodgh hatend eneadi eumtiondsdiree dihbeaindend of
each common source line in the inactive state; connecting, in the active

state, the corB®sh cuganidine hased onlivpitsisplay dataiansut address signal to the

current source; and_s M . [ eyel ta o egu ially
I nput di splay data To&@%ddh?}ﬁq %‘r§lﬁ{e§3§%r€§é§{aghee¥g6{?%?itﬁ% ({tﬂ%mrgréﬁacﬁedg‘%ur rent
line in the ceotingdr sgursbdine ihahe aictivex etaté,cartl torgriund ane rotisgrasnd ofgedaoh t he

stored pixel level data. 17. An image display nmethod as recited in claim
16, whereilf s ;gommcprbﬁqqrﬁ%llm%m the inactive state;

wherein said driver circuitry is provided with a current source switching

circuit with m-switching circuits corresponding to each common source line and,
in the active state, said current source switching circuit is operable to connect
the common source line selected by an input address signal to the current
15 source; and
wherein said driver circuitry is provided with a constant current control
circuit section having memory circuits operable to store n-sets ofpixe1 level data
of the sequentially input display data and, in the active state, said constant
current control circuit section is operable to put the related current line in the
20 conducting state for a pixel level width corresponding to the pixel level data

stored in each of said memory circuits.

3. An image display apparatus as recited in claim 1, wherein said switching
circuit section is a plurality of switches connected between each common

25 source line and ground.

4. An image display apparatus as recited in claim 1, wherein said switching
circuit section is controlled by the illumination control signal which controls a
state of light emitting device illumination to be on or off, wherein in the

30 illumination on state of the illumination control signal, said switching circuit

11



achi eved by providing a plurality of switches to be connected between each
15 common source line and ground. 18. An inage display nethod ag gqm'TLt QE{@ n
L

cl-aim 16) wherein the illum nation control signal controls a state o
illumnpnation to be on or off, wherein in the illum nation on state of the
illumnation control signal, the conmon source line is 20 disconnected from
ground, and wherein in the illumnation off state, the commobn source |ine

is connected to ground. 19. An image display nethod as recited in claim17,

wherein the |btiBmR! oo¥tabRMNo" Blscdifile tnd BAnFinSsdtred $he ffm lftn, and

illumnation to be on 'or o ereln int Um nati on“on st

swi tches are wheeein ohf theoilldhieationeoff thte, crandmwitsiaing Celrduitsds f dppralge aond,
and wherein in the illumnation off state) the switches are tuned on to
connect the c&RABIFLMUSYBMONFOUECS lipeda iPungd. An i nage di spl ay nethod as
recited in claim16, wherein the conmon 30 source line is disconnected from

ground for a logic LOWillumnation control 15 signal for LED .
activationp amsd AmhnSgyraRplayoapsRalusgs récite@nAastaifd 3t WharemuBald f sWitchingogi ¢
H GH illumnation control signal for LED deactivation. 16
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8. An image display apparatus as recited in claim 2, wherein said switching
circuit section is controlled by the illumination control signal which controls a

25 state of LED illumination to be on or off, wherein in the illumination on state of
the illumination control signal, said switching circuit section is operable to
disconnect the common source line from ground, and wherein in the illumination
off state, said switching circuits is operable to connect the common source line
to ground.

30
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10. An image display apparatus as recited in claim 2, wherein said switching

10 circuit section is operable to disconnect the common source line from ground for
a logic LOW illumination control signal for LED activation, and connect the
common source line to ground for a logic HIGH illumination control signal for
LED deactivation.

15 11. Animage display method comprising:
providing a dot matrix of a plurality of light emitting devices to be
arranged in a matrix with m-lines and n-columns such that one terminal of each
of the light emitting devices disposed in each column is connected to a
respective current line, and the other terminal of each of the light emitting
20 devices disposed in each line is connected to a respective common source line;
controlling an activation state to be either active or inactive depending
on an input illumination control signal and, in the active state, controlling
conduction through one end of each common source line and each current line
based on input display data; and
25 floating the other end of each common source line in the active state,
and grounding the other end of each common source line in the inactive state;
connecting, in the active state, the common source line selected by an
input address signal to the current source; and
storing n-sets of pixel level data of the sequentially input display data

30 and, in the active state, putting the related current line in the conducting state
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13. An image display method as recited in claim 11, wherein the illumination
control signal controls a state of the light emitting device illumination to be on or
off, wherein in the illumination on state of the illumination control signal, the
10 common source line is disconnected from ground, and wherein in the

illumination off state, the common source line is connected to ground.

14. An image display method as recited in claim 12, wherein the illumination
control signal controls a state of the light emitting device illumination to be on or
15  off, wherein in the illumination on state, the switches are tuned off to disconnect
the common source line from ground, and wherein in the illumination off state,

the switches are turned on to connect the common source line to ground.

15. An image display method as recited in claim 11, wherein the common

20 source line is disconnected from ground for a logic LOW illumination control
signal for light emitting device activation, and the common source line is
connected to ground for a logic HIGH illumination control signal for light emitting
device deactivation.

25 16. An image display method comprising:
providing a dot matrix of a plurality of light emitting diodes (LEDs) to be
arranged in a matrix with m-lines and n-columns such that a cathode of each of
the LEDs disposed in each column is connected to a respective current line,
and an anode of each of the LEDs disposed in each line is connected to a

30 respective common source line;
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control signal controls a state of LED illumination to be on or off, wherein in the

illumination on state of the illumination control signal, the common source line is

20 disconnected from ground, and wherein in the illumination off state, the

common source line is connected to ground.

19. An image display method as recited in claim 17, wherein the illumination
control signal controls a state of LED illumination to be on or off, wherein in the
25 illumination on state, the switches are timed off to disconnect the common
source line from ground, and wherein in the illumination off state, the switches

are tuned on to connect the common source line to ground.

20. An image display method as recited in claim 16, wherein the common

30 source line is disconnected from ground for a logic LOW illumination control
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